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CEPC Monthly Meeting
09.09.2019 05:00 PM - 06:30 PM

Purpose  

Presenters Brower, Richard, Francis, Maureen, Hogg, Tanis  

Note Taker Kasten, Andrew  

Attendees Beinhoff, Lisa, Cotera, Maria, Dankovich, Robin, Francis, Maureen,
Gajendran, Mahesh, Hogg, Tanis, Janssen, Herb, Kassar, Darine, Kasten,
Andrew, Nino, Diego, Ogden, Paul, Padilla, Osvaldo, Wojciechowska, Joanna

Absences brittany.harper@ttuhsc.edu, Brower, Richard, Castro, Michelle, Cervantes,
Jorge, De-Lara, Veronica, jose.b.diaz@ttuhsc.edu,
kristoffer.gonzalez@ttuhsc.edu, Lopez, Josev, maggie.scribner@ttuhsc.edu,
Maldonado, Frankj, Martin, Charmaine, Perry, Cynthia

Guests brad.fuhrman@ttuhsc.edu, karishma.palvadi@ttuhsc.edu,
kevin.w.woods@ttuhsc.edu, roberto.l.garcia@ttuhsc.edu,
runail.ratnani@ttuhsc.edu, shivani.mehta@ttuhsc.edu  

Location MEB 1140  

 

TTUHSC EP Paul L. Foster School of Medicine
5001 El Paso Drive
El Paso, TX, 79905
USA



1. WELCOME AND REVIEW OF MINUTES FROM
08/12/19

Presenter(s): Brower, Richard

 CEPC Sign in sheet 9.9.19.pdf   Meeting min CEPC 8.12.19.pdf

Decision

Minutes for August are approved.

Discussion

Dr. Francis and Dr. Hogg will lead this meeting due to  Dr. Browers absence.

2. SCEC REP REPORTS

Discussion

Nothing to report from MS2, 3 or 4.

No MS1's are present.

Loyd Christensen is filling in for Brittany Harper.

3. YEAR 4 BOOT CAMP AND YEAR 3 INTERSESSION
SYLLABUS UPDATES

Presenter(s): Francis, Maureen

 BC2020_Syllabus_NS MF CB draft.docx   Intersession Syllabus 2019-2020 draft.docx

Discussion

Dr. Francis asks committee if there are any questions or comments to which no one replies. Dr. Francis approves
minutes with no objection.

4. PLFSOM V2.0 10-POINT PLAN.
HTTPS://ELPASO.TTUHSC.EDU/SOM/OME/_DOCU
MENTS/SECURE/TEN_POINT_PLAN_BINDER.PDF.
LCME ELEMENT 8.1 & 8.3

 Ten_Point_Plan_Binder.pdf

4.1. RETENTION OF THE PRE-CLERKSHIP CLINICAL
PRESENTATION-BASED MODEL

Presenter(s): Brower, Richard, Hogg, Tanis
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MS4 Boot Camp Syllabus

2019-2020 Academic Year


Table of Contents

		

		Page



		Boot Camp Description

· Disability Support Services


		2



		Boot Camp Objectives

		2



		Integration Threads

		3



		Calendar of Boot Camp Sessions

· Sample Schedule Week 1

· Sample Schedule Week 2


		4



		Boot Camp Location

		4



		General Requirements

· High Fidelity Simulation

· Lab Sessions

· Day in the Clinic

· Night on Call

· Thursday Didactics

· Documentation


		5-6



		Required, Expected and Optional Events

		7



		Student Performance Objectives

		7



		Patient Condition Expectations/Op Log Expectations

		7



		Assessment

		7



		Grading Policy

		7



		Professional Expectations

		8



		Missed Events – in addition to Common Clerkship Policies

		8



		Readings

		9



		Contacts

		9



		Appendices

		10








1. Boot Camp Description

This course has been designed to prepare medical students for their first day of residency.  Activities will include simulations and other interactive learning modalities to address the Core Entrustable Professional Activities established by the AAMC for graduating medical students. For example, the course will provide opportunities for deliberate practice and skill enhancement in the interpretation of diagnostic testing, the assessment of moderate to high complexity patients across settings, medical documentation, order and prescription writing, giving and receiving patient handovers, and recognition coupled with initial management of patients requiring urgent or emergent care. Specific sessions will also target survival skills for residency such as time management and wellness. The principles of quality improvement, patient safety, risk management, professionalism and medical ethics will be integrated throughout the course. 



Disability Support Services

TTUHSC El Paso is committed to providing equal access to learning opportunities to students with documented disabilities. To ensure access to the educational opportunities in the clinical setting, please contact the Director of Disability Support Services (DSS), Dr. Tammy Salazar, to engage in a confidential conversation about the process for requesting accommodations in the classroom and clinical setting. Accommodations are not provided retroactively, so students are encouraged to register with DSS as soon as possible. More information can be found on the DSS website: http://elpaso.ttuhsc.edu/studentservices/disability-support-services.



This is a 2 credit course required for graduation.



2. Boot Camp Objectives

		

		

		EPA

		PLFSOM

PGO



		a.

		Gather a history and perform a physical examination appropriate to the setting in patients of all ages.

		1

		1.1



		b.

		Develop a prioritized differential diagnosis.

		2

		1.3



		c.

		Demonstrate appropriate ordering of therapeutics and diagnostic studies.

		4

		1.6



		d.

		Demonstrate appropriate interpretation of diagnostic studies

		2,3

		1.3, 1.6, 2.2



		e.

		 Apply evidence-based principles of clinical sciences to diagnostic and therapeutic decision making and clinical problem solving.

		7

		2.3, 3.1, 3.4



		f.

		Initiate appropriate medication orders and prescriptions.

		4

		1.3, 1.6



		g.

		Understand when and how to request consultation.   

		6,9

		4.2, 8.1



		h.

		Demonstrate when and how to obtain informed consent for treatment and procedures.

		11

		5.2



		i.

		Give and receive transition of patient care 

		8

		6.4



		j.

		Understand and apply basic ultrasound principles to patient care

		12

		1.1



		k.

		Identify potentially life-threatening conditions and initiate basic stabilization and management.

		10

		1.4, 1.5, 7.2



		l.

		Collaborate as an inter-professional care team.

		9

		7.3



		m.

		Perform appropriate documentation for for each clinical setting and encounter.

		5

		1.7



		n.

		Practice professional behavior and adherence to ethical principles in all interactions and settings.

		9,13

		5.1, 5.4,5.7



		o.

		Apply quality improvement principles to patient care during simulations, inpatient and ambulatory experiences and debriefs.

		13

		3.2



		p.

		Accept and incorporate feedback into practice.

		9

		3.3



		q.

		Recognize heuristics and cognitive biases and apply strategies to improve diagnostic accuracy and enhance patient safety.

		13

		1.2, 1.3



		r.

		Prioritize responsibilities to provide care that is safe, efficient, and effective.

		13

		1.4



		s.

		Provide an accurate, concise, and well-organized oral case presentation tailored to the clinical situation.

		6

		4.2



		t.

		Counsel and educate patients on preventive health care services and chronic care management.

		3

		1.4







3. Integration Threads

Integration threads covered in the Boot Camp will include: 

		√	Geriatrics

		√	EBM

		√	Ethics



		√	Professionalism

		√	Chronic Illness Care

		√	Patient safety



		√	Pain Management

		√	Communication Skills

		√	Diagnostic    Imaging



		√	Quality Improvement

		√	Clinical Pathology,

		







4. Calendar of Boot Camp Sessions

a. The dates for the 2019-2020 academic year are:

i. February 3 to February 14, 2020

ii. February 17 to February 28, 2020

iii. March 2 to March 13, 2020

iv. March 30 to April 10, 2019


b. Students should plan to be in class between the fluctuating hours of 6:00 AM to 6:00 PM daily from Monday to Friday.














Sample Schedule Week 1

		Time

		Monday
(TECHS N)

		Tuesday (TECHS S)

		Wednesday

(TECHS N)

		Thursday 
(MEB #1120)

		Friday
(TECHS N)



		07:30

		Orientation/Overview/Lecture

On-line Pre-Survey (Rm#105)

		ATACS 

Day in the Clinic 

4-1 hour clinic visits (30 min in room + 30 min for discharge and documentation)

		08:00 – Morning Updates

Lecture (Rm#105)

		(45-45-30 Min)

Pre-Op Evaluation

Pre-Post Op Mgmt. PEARLS

Informed Consent 

		08:00 – Morning Updates

Behind the Scene (Rm#105)



		RSTC

		R#211

		R#223

		R#219

		R# 230

Ultrasound

Lecture
(45 min)

----------------

US Lab 

(3 – 45min stations)

		

		R#219

		R#223

		R#215

		




R# 105

White space



		

		R#211

		R# 223/217

		R#219

		


R# 105
Medication

& Orders review 



		09:00

		RR1

A

		Long 1a

B

		TC 1a

C

		

		

		RR2

D

		Long 1b

E

		TC 2a

F

		

		

		RR3

A

		Long 1c

B

		TC 3a

C

		



		10:00

		RR1

B

		Long 1a

C

		TC 1a

A

		

		

		RR2

E

		Long 1b

F

		TC 2a

D

		

		Master’s Colloquium –

“What’s your biggest fear?”

		RR3

B

		Long 1c

C

		TC 3a

A

		



		11:00

		RR1

C

		Long 1a

A

		TC 1a

B

		

		

		RR2

F

		Long 1b

D

		TC 2a

E

		

		

		RR3

C

		Long 1c

A

		TC 3a

B

		



		12:00

		Lunch

		Lunch (variable)

		Lunch

		Lunch (variable)

		Lunch



		12:30

		Transition of Care

		

		Transition of Care

		

		Transition of Care



		13:00

		RR1

D

		Long 1a

E

		TC 1b

F

		R# 230

Ultrasound

Lecture
(45 min)

----------------

 US Lab 

(3 – 45min stations)

		Oral Case Presentations and Debrief of AM Cases

		RR2

A

		Long 1b

B

		TC 2b

C

		

 R# 105

White space


		Radiology CXR Interpretation

		RR3

D

		Long 1c

E

		TC 3b

F

		

R# 105
Medication

& Orders review




		14:00

		RR1

E

		Long 1a

F

		TC 1b

D

		

		

		RR2

B

		Long 1b

C

		TC 2b

A

		

		Dangerous EKG’s

		RR3

E

		Long 1c

F

		TC 3b

D

		



		15:00

		RR1

F

		Long 1a

D

		TC 1b

E

		

		

		RR2

C

		Long 1b

A

		TC 2b

B

		

		Oxygen Therapy

		RR3

F

		Long 1c

D

		TC 3b

E

		



		16:00

		Debrief, Rm#105

		

		Debrief, Rm#105

		Glucose 101

		Debrief, Rm#105



		17:00

		Adjourn

		1-Min Paper

		Adjourn

		1-Min Paper

		Adjourn















Sample Schedule Week 2

		Time

		Monday

(TECHS N)

		Tuesday (TECHS S)

		Wednesday
(TECHS N)

		Thursday 
(MEB #1110)

		Friday 
(SON Rm #105)



		8:00

		Morning Updates

Student Presentations (Rm#105)

		ATACS

Night-On-Call



		08:00 – Morning Updates

Lecture (Rm#105)

		Master’s Colloquium –

“Burnout and Developing Resilience”

		Post Survey

Debrief & Course Wrap Up

Adjourn Boot Camp 



		RSTC

		R#211

		R#223

		R#219

		R# 230

Ultrasound

Lecture
(45 min)

----------------

US Lab 

(3 – 45min stations)

		

		R#219

		R#223

		R#215

		

R# 105

PASE Cases



		

		



		09:00

		RR4

D

		Long 2a

E

		TC 4a

F

		

		

		RR5

A

		Long 2b

B

		TC 5a

C

		

		

		



		10:00

		RR4

E

		Long 2a

F

		TC 4a

D

		

		

		RR5

B

		Long 2b

C

		TC 5a

A

		

		Basic Ventilator Management



		



		11:00

		RR4

F

		Long 2a

D

		TC 4a

E

		

		

		RR5

C

		Long 2b

A

		TC 5a

B

		

		

		Lunch



		12:00

		Lunch

		Lunch (variable)

		Lunch

		Lunch

		



		12:30

		Transition of Care

		

		Transition of Care

		

		



		13:00

		RR4

A

		Long 2a

B

		TC 4a

C

		R# 230

Ultrasound

Lecture
(45 min)

----------------

 US Lab 

(3 – 45min stations)

		ATACS

Night-On-Call

		RR5

D

		Long 2b

E

		TC 5b

F

		R# 105

PASE Cases 

		Pediatric Imaging

		Planning Committee Debrief

Current session grading 

Preparation for next session



		14:00

		RR4

B

		Long 2a

C

		TC 4a

A

		

		

		RR5

E

		Long 2b

F

		TC 5b

D

		

		Time Management

		



		15:00

		RR4

C

		Long 2a

A

		TC 4a

B

		

		

		RR5

F

		Long 2b

D

		TC 5b

E

		

		Beeps in  the Night



		



		16:00

		Debrief, Rm#105

		1-Min Paper

		Debrief, Rm#105

		

		Adjourn



		17:00

		Adjourn

		

		Adjourn

		1-Min Paper

		







5. Boot Camp Location

Time will be split between the two centers:

· Monday, Wednesday and Friday will be primarily at TECHS North 

· Tuesday and Thursday will be primarily at TECHS South or identified room.






6. General Requirements

We expect you to show up on time, appropriately attired (scrubs or business attire, no dangling hair, no open toe shoes), ready to work, with appropriate supplies (such as a pen), personal laptop computer, personal cellphone, and stethoscope.  When evaluating standardized patients or simulated patients, always practice appropriate Personal Protective Equipment (PPE) and professionalism.  Each student is required to attend all activities. During the high fidelity simulation cases, be prepared for complications. Further research after the scenario concludes is recommended.  Please consult with staff members for each session to determine if you may use your phones for reference during simulations.



High Fidelity Simulations

Students will be assigned into teams of four-five students.  Each team will rotate through three high fidelity simulations on Monday, Wednesday, and Friday.  While half of the teams are in high fidelity simulations, the other half will be in lab.  The teams will switch places after lunch.  All students will participate in all simulations and lab activities.  High fidelity simulations will occur on mannequins and standardized patients.  Not all patients will require admission, but the final disposition should be decided by the team.  The students will encounter the following types of simulation cases: 

· Rapid response (RR) simulation: These simulation cases are isolated patient encounters.  The scenarios could present as a patient in the Emergency Department or a patient who is decompensating on the floor, after an admission.  No documentation will be required for these cases.  The primary focus will be on emergent and urgent medical management and teamwork.  

· Longitudinal (Long) simulation: There will be two longitudinal simulation cases, each with two/three encounters.  The scenarios will begin with a patient presenting to the Emergency Department.  The patient will require initial medical stabilization, followed by admission, inpatient management and then ultimately discharge.  Documentation will be required for all encounters during these cases.  Each student will be required to write an admission note, progress note, off service note, and complete an order set.  Documentation will be submitted through Canvas.    

· Transition of care (TC) simulation: These simulation cases are isolated patient encounters, similar to the Rapid Response cases.  However, the morning simulation teams will sign out the patient’s care to the teams in the afternoon session.  This sign out will occur at 12:30pm on Monday, Wednesday, and Friday.  The afternoon teams will manage the patient based on limited knowledge they obtained from the morning simulation team during the SBAR/I-PASS sign-out. Documentation of the transition of care will be required in the form of an SBAR/I-PASS in Canvas.    



Lab Sessions

Students will be assigned into groups of six-seven students.  Each group will rotate through two stations on Monday, Wednesday, and Friday.  While half of the students are in lab, the other half will be in high fidelity simulations.  The groups will switch places after lunch.  The students will encounter the following activities during the lab sessions.

· Ultrasound: Hands-on ultrasound workshops on low fidelity mannequins and standardized patients.    

· WISE On Call: Virtual modules that focus on a particular symptom or clinical skill/presentation.  The modules include self-paced didactics.  Students will work through modules and respond to on-call scenarios and case-based practice questions relating to medical management of common disease processes.  White space time is allocated in the schedule for students to complete the modules.

· Pharmacology overview: Small group activity to review dosing of critical medications, including vasopressors, analgesics, antibiotics, electrolyte repletion, and fluids.  

· PASE cases: Small group activity to provide students experience on how to handle difficult situations residents and practicing clinicians encounter in a clinic setting. 



Day in the Clinic

· During the first Tuesday, each student will be in a simulated intern ambulatory clinic setting. There will be four patients on the schedule for each student. Students will: perform an appropriate history and physical exam, interpret lab and diagnostic testing, develop an assessment and treatment plan, provide patient education and counselling, perform medication reconciliation, document the encounter in a simulated electronic health record, order prescriptions, enter orders for lab and diagnostic testing, and provide written discharge instructions. They will collaborate with a simulated nurse who may interrupt them with urgent requests from other patients. 

· In the debriefing session following the simulated ambulatory clinic, each student will perform an oral case presentation followed by an in-depth discussion of each case. Management of interruptions will also be discussed.



Night on Call

· On the second Tuesday, each student will participate in a simulated night on call. Each student will have an assigned time to report to the TECHS Center. Timliness is essential as late starts will not be possible. The simulation lasts approximately 4.5 hours. Instructions for each station will be provided as students work through the situations that arise on their call night. 


Thursday Didatics

Didatics will address topics and skills pertinent to residency such as: interpretation of EKGs, diagnostic radiology, common cross coverage calls, oxygen therapy, time management, pre-op and post-op care and informed consent, and patient safety.



Documentation

Documentation is an essential part of clinical practice.  All documentation for Monday/Wednesday/Friday activities will take place in Canvas.  Documentation for Tuesday activities will take place in LearnSim and RedCAP.  Preset templates will be assigned to each student.  Students will be responsible for completing documentation relating M/W/F simulation activities by 5 pm on the day of simulation.  Students will participate in peer to peer review of their documentation. 



Documentation for Tuesday activities will need to be completed as follows:

· Documentation for the simulated clinic will take place using a template in LearnSim created to mimic an ambulatory electronic health record.  Students will have 30 minutes following the patient encounter to complete the documentation before moving to the next encounter.

· Documentaion for Night on Call will occur in Red Cap at the completion of each station as instructed on the call day. 

. 


7. Required, Expected and Optional Events

a. Attendance and participation in all Boot Camp activities is mandatory.  

b. Completion of all assignments is mandatory by the deadline posted.


8. Student Performance Objectives

a. Students are required to evaluate standardized patients and/or simulated patients with appropriate Personal Protective Equipment (PPE) and utmost professionalism.

b. Students must attend and participate in all sessions as noted in section 6.

c. Students are expected to read and research topics after the scenarios/sessions conclude to better understand the diagnosis, complications, and management.  

d. Students must complete all assignments by the posted deadlines. 

e. Students are expected to maintain confidentiality of all cases, activities, and content.

f. Students are required to provide their own personal computing devices, including your own laptop computer, necessary adapters, cell phones, etc.



9. Patient Condition Expectations/Op Log Expectations

a. There are no Op Log entries required.


10. Assessment

a. Professionalism: See expectations in section 11 below.

b. Attendance is mandatory.  See expectations in section 6.

c. Participation

i. Students are expected to participate with their groups, in open discussion in class, and during debriefs. They are expected to pay attention and refrain from unauthorized use of electronic devices and to be respectful of their peers and presenters.

d. Satisfactory completion of all activites and assignments, to include but not limited to, patient notes, patient assessments, patient interaction, etc.


11. Grading Policy 

Students will receive a grade of Pass or Fail for the course based on the following: 



PASS: 

· Complete all activities and assignments to the satisfaction of the course directors.  

· Any remedial requirements given during the course must be completed to the satisfaction of the course directors prior to the end of the two week clerkship.



IN-PROGRESS:

· This grade will be issued at the end of the clerkship if the course requirements have not been met due to mitigating circumstances.  Once the requirements have been met the grade will be changed appropriately.



FAIL:

· Unprofessional behavior.

· Failure to complete required activities and assignments.

· Failure to complete course requirements to a satisfactory level.

· Unexcused absence from required activities at the discretion of the course directors.



12. Professionalism Expectations (see Appendix 3)

a. As a student, it is important to be professional at all times.  This includes:

i. Being on time

ii. Being honest

iii. Being respectful of everyone

iv. Admiting mistakes

v. Being prepared to learn

vi. Checking your email daily

vii. Timely completion of all activities and assignments by the posted due date

viii. Dress code 

1. A clean white coat with either business casual or scrubs are acceptable for activities occurring at TECHS North.  

2. Activities occurring at TECHS South are subject to the established ATACS dress code policies. 

a. Business casual attire with white coat is required for Day in the Clinic.

b. Scrubs are acceptable for Night On Call.

3. Students are expected to wear their ID badges and have them clearly visible.

b. Your professionalism is formally evaluated by the Course Directors. Your professionalism is also monitored and evaluated by the Boot Camp coordinators. (see Appendix 2)

c. Failure to receive a satisfactory rating on any aspect of professionalism may result in failure of the course regardless of performance in other areas.

d. A pattern of tardiness will result in remediation or failure of the course.


13. Missed Events- in addition to Common Clerkship Policies Insert Dr. Francis’s wording for this section (http://elpaso.ttuhsc.edu/som/ome/common-clerkship-policies.aspx)

a. All students are required to attend all activities. All activites are mandatory. 

i. If absences during the Bootcamp are considered excessive by the course directors, the student will be rescheduled to a later Bootcamp course.

ii. If a student will be absent from any activity, they must obtain approval from the Course Directors. 

1. If an absence is planned in advance (for example, SARP presentation), the course directors must be notified prior to the start of the Bootcamp.

iii.   Studnets will be required to complete alternate activities/assignments for all absences (both excused and unexcused).

iv. Unexcused absences 

v.  Remediation will be assigned by the course director based on the specific activities missed.

b. In the event of an emergency that results in an absence from activities, the student must notify the Boot Camp Coordinator AND the Office of Student Affairs as soon as possible.

c. If coverage by another student is required to maintain care of your simulated patients, you will be expected to make every effort to arrange this coverage yourself. Please notify the Boot Camp Coordinator to ensure coverage has been confirmed.  

d. Unexcused absences will result in a professionalism concern that may lead to a final grade of “Fail” for the Boot Camp course at the discretion of the Course Directors. 

e. If a student is required to make-up assignments, this must be completed during unscheduled time and the hours worked must be in compliance with the duty hour policy. Make-up assignemnts must be submitted by the established due date. Tardy assignments will result in a professionalism concern. 

f. Please also note that professionalism concerns after the match may result in notification of your future program director.



14. Readings 

The following websites are available for your review:

a. ECG		https://ecg.bidmc.harvard.edu/maven/mavenmain.asp

b. ECG		https://lifeinthefastlane.com/ecg-library/100-ecgs/

c. Radiology		http://eradiology.bidmc.harvard.edu/primarycare/

d. Radiology		https://radiopaedia.org/encyclopaedia/quizzes/all

e. US			http://emergencyultrasoundteaching.com/

f. US (blocks)		http://highlandultrasound.com/


15. Contacts



		Neha Sehgal, DO

Boot Camp Co-Director

		915-215-4600

		Neha.Sehgal@ttuhsc.edu

		CSB – 3rd Floor

Emergency Medicine



		Charishma Boppana, MD

Boot Camp Co-Director

		915-215-5868

		Charishma.Boppana@ttuhsc.edu

		CSB – Basement 

Room C31



		Ida Rascon

Boot Camp Coordinator

		915-215-5923

		Ida.Rascon@ttuhsc.edu

		CSB, 3rd Floor

Emergency Medicine



		Insert Coordinator 1

		

		

		



		Insert Coordinator 2

		

		

		



		Maureen Francis, MD, 
MS-HPEd, FACP
College Master, Assistant Dean

		915-215-4333



		Maureen.Francis@ttuhsc.edu

		MEB, 2nd  Floor

Room 2220

(Gold College)



		Lourdes Janssen

Unit Manager

		915-215-4396

		Lourdes.Davis@ttuhsc.edu

		MEB, 3rd Floor



		TECHS North

		

		

		GGHSON, 2nd Floor



		TECHS South

		

		

		MEB, 3rd Floor










Appendix 1: 1 Minute Paper Assignment


		Date



					(adapted from work by K. Patricia Cross and Elizabeth Armstrong)



		



		Please list 2-3 core ideas that have emerged for you as important today or during the program thus far.



		1. 

		



		2. 

		



		3. 

		



		List 2-3 questions that have arisen from you relevant to content presented or ideas that remain unclear.



		1. 

		



		2. 

		



		3. 

		









Appendix 2: Professionalism Assessment 

		No concern/slight concern/serious concern



		1. Student is reliable and attended all sessions. (PGO 5.3, 5.7)

		



		2. Student demonstrates respect for all people. (PGO 5.1)

		



		3. Student’s dress and grooming are appropriate for the setting. (PGO 5.7)

		



		4. Student came to the sessions prepared to learn. (PGO 5.3, 5.7)

		



		5. Student demonstrates honesty in all professional matters. (PGO 5.6)

		



		6. Student completed assignments in a timely manner. (PGO 5.7)

		



		Comments:


















Appendix 3: Confidentiality Statement 



PARTICIPATION, RECORDING, AND CONFIDENTIALITY AGREEMENT

As a participant in the training simulated patient care environment at the TTUHSC Education & Training Facility, and TECHS North and South: 



[bookmark: _GoBack] I understand that I will be an active participant in simulations. I understand that participating in simulation-based training is part of my clinical learning experience.  I will engage in and participate in the simulation fully as a professional and treat it as a realistic patient care experience while maintaining and following the policies and procedures set forth by the center.



I understand that the objective of this education center is to train individuals to better assess and improve their performance for real patient care situations.  I understand that while participating in simulation based training the scenario may be photographed and/or videotaped for use during guided debriefing sessions following the simulation as well as for future educational experiences.  At no time will there be compensation for materials photographed and/or videotaped.  I understand that photographs and/or videotapes may be used but not limited to dissemination to the hospital staff, physicians, health professionals, members of the public for education, treatment, research, scientific, public relations, advertisement, and promotional purposes and may be accomplished in any manner.



Simulations are designed to challenge participants.  It is a safe environment where mistakes are expected, and participants are encouraged to learn and grow from those mistakes.  Because of this, I will maintain strict confidentiality regarding both my performance as well as of the performance of others participating, whether witnessed in real time or in media.  I understand that failure to maintain confidentiality may result in unwarranted and unfair defamation of character of the participants.  This could cause irreparable harm to me and colleagues and would seriously impair the effectiveness of this simulation based training program.



I understand and will observe simulated and peer confidentiality about the details of the scenario, team member actions, and the debriefing discussions at all times to which I am both directly and indirectly exposed.



		Printed Name:

		



		Signature:

		



		Date

		

		Time:

		





I acknowledge that I have read and understand this statement and agree to participate fully and maintain the center’s policies and procedures.
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[bookmark: _GoBack]Intersession Syllabus

2019-2020 Academic Year



1. Intersession Description

There will be two one-week intersessions in the third year – one following Block 2 and one following Block 3. The entire class will participate in the activities. Content will integrate the experiences in the clinical rotations during Year 3 with concepts from the Year 1 &2 coursework.

This is a 2 credit course required for graduation.

2. Intersession Objectives

a. Explore clinical overlap across specialties of medicine (PGO 7.2)

b. Apply basic science principles/concepts in the clinical context (PGO 2.3)

c. Document clinical encounters accurately in the medical record. (PGO 1.7, 4.4)

d. Demonstrate the ability to gather essential information about patients and their conditions through history taking, physical examination, and the use of data from diagnostic tests. (PGO 1.1)

e. Demonstrate the ability to use clinical information and diagnostic reasoning to develop a reasonable list of differential diagnoses and to begin treatment, including writing appropriate prescriptions and inpatient orders in low to moderate complexity cases (PGO 1.1, 1.2, 1.3, 1.6)

f. Counsel and educate patients to enable them to participate in their care and promote health. (PGO 1.8, 1.9)

g. Communicate effectively with patients of all ages and across a broad range of socioeconomic and cultural backgrounds. (PGO 4.1)

h. Demonstrate competency in the general procedures of a physician – IV line placement, venipuncture, NG tube placement, bladder catheterization (male and female), and airway management (PGO 1.10)

i. Analyze and solve system-level problems using quality improvement and patient safety principles and tools (PGO 3.2, 6.3)

j. Understand new and emerging basic science concepts and how these discoveries may impact health care in the future (PGO 2.2, 2.6)

k. Apply knowledge of biostatistics and epidemiology in diagnostic and therapeutic decision-making. (PGO 2.3, 2.4, 3.4)

l. Identify social determinants of health in clinical cases and reflect on how this affected patient care (PGO 2.5)

m. Demonstrate professionalism and adherence to ethical principles in all activities (PGO 5.1, 5.5, 5.6, 5.7)

n. Recognize potential conflict of interest and ethical dilemmas related to health care business practices and administration. (PGO 5.5)

o. Demonstrate the ability to apply medical knowledge related to normal variation and pathologic states in diagnostic and therapeutic decision making and clinical problem solving. (PGO 2.1, 2.2, 2.3)

p. Understand the basics of informed consent, including special situations such as children and patients who do not speak English (PGO 5.2, 4.1)



q. Demonstrate knowledge of ethical principles related to end of life care and coping mechanisms to deal with death, dying, and human suffering in a respectful and empathic manner (PGO 5.4, 8.2, 4.3)



r. Reflect on the professional identity formation during medical school as plans are made for entering residency (PGO 8.2, 8.3, 8.4)



3. Integration threads

Integration threads covered in the intersessions will include: 

		X	Geriatrics

		X	Basic Science

		X	Ethics



		X	Professionalism

		X	EBM

		X	Patient safety



			Pain Management

			Chronic Illness Care

		X	Palliative care



		X	Quality Improvement

		X	Communication Skills

			Diagnostic    Imaging



		X	Clinical Pathology, 

		X	Clinical and/or 

               Translational Research

		







4. Calendar of clerkship events

a. The dates for the 2019-2020 academic year are:

i. January 6 to 10, 2020

ii. May 4 to 8, 2020

b. Students should plan to be in class from 8:00 AM to 5:00 PM daily from Monday to Friday.



Sample Schedule Week 1:

		

		Monday

(1/6/2020)

		Tuesday

(1/7/2020)

		Wednesday 

(1/8/2020)

		Thursday

(1/9/2020)

		Friday

(1/10/2020)



		AM

		8:00 – 8:30 Overview of the week

8:30 -9:15 emerging environmental issues 

9:30 -12 Integrated case-based discussion – Pediatrics and Psychiatry with Basic Sciences.



		8:00 start time

2 activities rotating throughout the day from 8:00 AM to 3:00 PM

(Each student will have assigned slot for each activity)

1) Student oral case presentations.

		8:00 Answer questions from prior day

8:30 – 12:00



1) Journal Club



alternating with



2) Basics of Informed Consent 

		8:00 Answer questions from prior day

8:30 – 9:15 emerging topics in Infectious Disease

9:30 – 12 Integrated case-based discussion-Surgery and OB/GYN with Basic Sciences



		8 -12

1) Masters Colloquium – End of life care/ dealing with death, dying, and human suffering

alternating with 

2) Quality improvement/ high value care







		PM

		1)Social determinants of health/health care disparities

alternating with

2)Quality Improvement/ Patient safety discussion 





		2)  SP case and documentation exercise.  

3:15 to 5:00 PM Conflict of interest and business practice session 

One minute paper for reflection at the end of the day

		1:00 – 3:30 PM



Integrated case-based discussion-Family Medicine and Internal Medicine with Basic Sciences.





3:30 – Class Reception

		1:00 to 3:00 PM 

Basic science talks on hot topics and new discoveries.





One minute paper for reflection at the end of the day

		Wrap –up and answer any remaining  questions





















Sample Schedule Week 2:

		

		Monday

(5/4/2020)

		Tuesday

(5/5/2020)

		Wednesday

(5/6/2020)

		Thursday

(5/7/2020)

		Friday

(5/8/2020)



		AM

		8 to 12 – 

Quality Improvement and Patient Safety – interactive exercises

		1) Masters’ Colloquium – Professional identity formation and planning for residency

alternating with

2) Importance of accurate documentation/law and medicine 



		EOY 3 OSCE



EOY 3 OSCE will rotate with CCSE and Procedure workshop over the 3 days. All students will be assigned individual times for each activity.

		CCSE exam

		Procedure workshop



		PM

		

Student Affairs Orientation

		Self-directed learning time:

SCI assignment due

Prepare for exams.







		

		

		











5. Clerkship location

a. Sessions will be held on the main campus in the MEB, AEC and TECHS Center.

b. Please check Scheduler 15 for specific group assignments. 

6. Required, expected and optional events

a. Attendance and participation in all intersession activities is mandatory.

i. Attendance will be taken for all sessions using the electronic badge system. Students must be responsible to bring their ID badge each day.

b. Completion of all assignments is mandatory by the deadline posted.

7. Student performance objectives

a. Students must pass the EOY 3 OSCE

b. Students must demonstrate competency in the general procedures of a physician in the Procedure Workshop

c. Students must take the CCSE examination. They must demonstrate an active effort in completing the examination. For example, a student who leaves after a short time and does not attempt to complete the exam or a student who answers all “c”s will not fulfill this requirement. However, there is no target score that must be achieved.

d. Students must attend and make an effort to participate in all sessions.

e. Students must complete all assignments, for example,

i. 1 minute papers due at the end of the day on Tuesday and Thursday of the January session. (see appendix 1)

ii. SCI assignment due on Tuesday of the May intersession (see appendix 2 for a description of the assignment and the grading rubric).

8. Patient condition expectations/Op Log expectations

a. There are no Op Log entries required for the intersessions.

9. Assessment

a. EOY 3 OSCE

b. Procedure workshop 

i. Pre-test and post-test completion with achievement of 70% score on the post-test.

ii. Successful completion of checklist at each station by the supervising faculty member.

c. Professionalism

i. See expectations in section 11 below.

d. Participation

i. Students are expected to participate with their small groups and in open discussion in class. They are expected to pay attention and refrain from unauthorized use of electronic devices and to be respectful of their peers and presenters.

e. Satisfactory completion of all assignments 

10. Grading policy – in addition to common clerkship policies

a. Students will receive a grade of Pass or Fail based on the following: 

i. Attendance 

ii. Participation 

iii. Satisfactory completion of the procedure workshop with demonstration of competent performance in the simulation lab. 

1. Achieve a passing score at each station:

a. Bag-valve-mask ventilation

b. Adult and infant intubation

c. Venipuncture

d. IV line placement

e. NG tube placement

f. Male and female bladder catheterization

iv. EOY 3 OSCE –must pass on the first or second attempt

v. Satisfactory effort in the CCSE

vi. Completion of all class assignments by posted deadlines

b. EOY 3 OSCE remediation

i. Students who do not receive a passing grade (as outlined in the Common Clerkship Policies) on the first attempt will retake the examination a second time. 

1. Please note that you must take the remediation if needed on the assigned date. Be cautious with planning travel until you are notified that you passed the EOY 3 OSCE.

ii. Failure on the second attempt will result in a referral to Grading and Promotions.

c. Failure to complete remediation assignments in a timely manner will result in a fail and referral to Grading and Promotions Committee.

11. Professionalism expectations 

a. As a student, it is important to be professional at all times.  This includes:

i. Being on time

ii. Being honest

iii. Being respectful of everyone

iv. Admit mistakes

v. Being prepared to learn

vi. Checking your email daily

vii. Timely completion of all assignments by the posted due date

viii. Dress code 

1. Scrubs are acceptable for the procedure workshop.

2. Students are expected to be in professional attire and white coats with their ID badges clearly visible fro all other sessions.

b. Your professionalism is formally evaluated by the Course Director at the end of the clerkship. Feedback will be given after week 1 of the intersession in January 2018.

c. Your professionalism is also monitored and evaluated by the Intersession coordinator.

d. Failure to receive a satisfactory rating on any aspect of professionalism may result in failure of the course regardless of performance in other areas.

12. Missed events- in addition to common clerkship policies:

a. All students are required to attend all intersession activities. 

i. If a student will be absent for any activity, they must obtain approval from the Course Director. If the Course Director determines that a student’s absence(s) compromises the student’s ability to attain the necessary competencies, they may require the student to complete alternate assignments, even if the absence is excused. 

ii. Unexcused absences will result in remediation assignments based on the missed activity and a notation of a professionalism concern, including the possibility of receiving a grade of “fail” for the intersession.

b. If a student is required to make-up assignments, this must be completed during unscheduled time and the hours worked must be in compliance with the duty hour policy. 

c. In the event of an emergency or illness that results in an absence from intersession activities, the student must notify the Intersession Coordinator and the Office of Student Affairs as soon as possible.

13. Readings 

a. Short material for preparation may be required before individual sessions. This will be posted in Canvas a minimum of 2 weeks before the session.





14. Contacts

		Maureen Francis, M.D., MS-HPEd, FACP

Course Director

		

		Office: 915-215-4333



		maureen.francis@ttuhsc.edu

		5501 El Paso Dr.   MEB, 2nd  Floor

Room 2220 

(Gold College)



		Lourdes Davis Janssen

Intersession Program Coordinator

		

		Office: 915-215-4396



		lourdes.davis@ttuhsc.edu

		5501 El Paso Dr.   MEB, 3rd Floor








Appendix 1: 1 Minute Paper Assignment



		Intersession 1 Minute Paper                                                                  Date:



		Please list 2-3 core ideas that have emerged for you as important today or during the program thus far.



		1.

		



		2.

		



		3.

		



		List 2-3 questions that have arisen from you relevant to content presented or ideas that remain unclear.



		1.

		



		2.

		



		3.

		



		(adapted from work by K. Patricia Cross and Elizabeth Armstrong)










Appendix 2:        SCI Capstone Project and Grading Rubric

During your third year you will complete a SCI Capstone Project designed to integrate SCI topics with your clinical experience as a third year medical student. Using the outline below, you will submit a paper electronically no later than 5:00 on Tuesday of the second intersession. Directions will be posted.



Section 1: Your Patient

Please provide a brief clinical scenario of your patient so the reader can get a clear sense of the clinical problem the patient has. Do not submit your full H&P. Give enough of the history, PE, labs, X-rays, and clinical course that a fellow third year student would understand the medical issues. Please remember to select a patient you saw as a third year medical student and do not provide any patient-identifiable information. 

Length: 1-2 paragraphs



Section 2: SCI Issue

Identify the SCI issue that pertains to your patient. Examples could include: social determinants of health, health literacy, health care systems, etc. Please contact Mark Francis if you need any guidance on this. Briefly discuss the SCI issue but most importantly its impact on your patient. This impact should include both (1) the impact on the patient’s health and (2) the impact on the patient more globally.

Length: 1-2 paragraphs



Section 3: Management of the SCI Issue

Describe how the SCI issue was managed (or not managed). What was the rationale for the approach taken or not taken? What do you think the effects of approach taken or not taken to address this issue had on the patient?

Length: 1-2 paragraphs



Section 4: Alternative Approaches

After reflecting on this patient, please discuss an alternative approach that you think would have been a better approach to the SCI issue and indicate why you think this would have been better. Alternatively, if you decide that the best option was selected, please discuss a couple of alternative approaches and why you think they would not have worked as well. In both cases, please provide some specific details on the approaches you discuss.

Length: 1-2 paragraphs



SCI Intersession Capstone Grading Rubric

		Section

		Needs Improvement

		Meets Expectations

		Exceeds Expectations



		Your Patient

		Missing relevant information, inclusive of too much irrelevant information, or not well organized.



		Provides the relevant information.

		Provides the relevant information in a clear and concise manner.



		SCI Issue

		Does not adequately (1) provide a clear explanation of the SCI issue, (2) address impact on the patient’s health, or (3) address impact on patient more globally.



		Clearly outlines the SCI issue and addresses how it affects the patient’s health and life more globally. 

		Goes beyond the more obvious implications of the SCI issue.



		Management of the SCI Issue

		The actual management of the SCI issue is either not explained well or not analyzed sufficiently.

		The management of the SCI issue is clearly explained. The rationale and effects of the management are well described.



		Goes beyond the more obvious analysis of the management of the SCI issue.



		Alternative Approaches

		Does not provide reasonable alternative approaches or does not provide an adequate analysis of which approach would be more beneficial.

		Provides clear alternative approaches with sufficient detail and analysis of why the preferred approach would be most beneficial.

		Provides particularly insightful alternative approaches and clearly reviews the pros and cons of each approach with a well-reasoned final recommendation.









The submission will be returned to the student for revision if there is a “needs improvement” assessment in any section.







Appendix 3: Professionalism Assessment 

		



		1. Student is reliable and attended all sessions. (PGO 5.3, 5.7)

		No concern/slight concern/serious concern



		2. Student demonstrates respect for all people. (PGO 5.1)

		



		3. Student’s dress and grooming are appropriate for the setting. (PGO 5.7)

		



		4. Student came to the sessions prepared to learn. (PGO 5.3, 5.7)

		



		5. Student demonstrates honesty in all professional matters. (PGO 5.6)

		



		6. Student completed assignments in a timely manner. (PGO 5.7)

		



		Comments:














Appendix 4: 

Oral Case Presentation Grading Rubric

See attached.



Appendix 5: 

QIKAT R Scoring Rubric

See attached.
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PLFSOM Curriculum v2.0
2019 Ten Point Plan







Briefing Booklet 


PLFSOM Curriculum v2.0 (v24MAY2019) 


 


Preface 


On June 28, 2018, based on the full accreditation survey conducted by the Liaison Committee on 
Medical Education (LCME) in 2017, the Paul L. Foster School of Medicine received notification 
of continuing accreditation for an eight-year term with no findings of non-compliance. As a 
result, the school’s next full survey visit is scheduled for AY2025-26. While we can be satisfied 
that the PLFSOM MD degree program meets or exceeds all LCME accreditation standards, the 
accreditation cycle is intended to promote critical reflection and improvement based on the 
programmatic challenges and opportunities identified through the required institutional self-
study, independent student analysis, and LCME survey team visit – in addition to the school’s 
continuous compliance monitoring and quality improvement processes (referring, for curricular 
issues, to the school’s efforts in fulfillment of LCME Standard 8: Curricular Management, 
Evaluation, and Enhancement). As such, continuing accreditation is responsive and dynamic 
state that must be actively maintained. As a new school at a new institution, PLFSOM has 
always functioned under the relatively short review cycles associated with preliminary, 
provisional, and initial full LCME accreditation. While these short early cycles promote the 
establishment of compliant academic systems, they also encourage a conservative approach to 
quality improvement and tend to suppress major curricular initiatives. Now, for the first time 
since its inception, a full eight-year accreditation cycle provides PLFSOM an important 
opportunity for renewal – to incorporate fresh, innovative, and future-oriented materials and 
methods that will enhance its well-established leading-edge program. This booklet, developed by 
the Office of Medical Education, outlines a set of ten recommendations that are based on the 
faculty’s accumulated experience and feedback (as derived from innumerable committee 
meetings, structured reviews, reports, retreats, and accreditation processes), and that also 
incorporate emerging trends and best practices in undergraduate medical education.  


The PLFSOM MD degree program will remain firmly grounded in settled principles of adult 
education: highly integrated and contextualized learning, expert guidance, frequent opportunities 
for deliberate practice and feedback, and abundant time for self-directed study and exploration. 
Implementation of this ten-point plan strengthens our commitment to these principles by 
enhancing the clinical contextualization of instruction in the foundational sciences, increasing 
opportunities for rigorous feedback through spaced and adaptive formative assessments, 
enhanced academic guidance and support for all students, enhanced consolidation and 
application of biomedical and clinical knowledge through an earlier progression to clerkship-
based instruction, and a continuing commitment to providing abundant opportunities for self-
directed learning, service, and scholarship. 


  







The Ten Point Plan: 


1. Retention of the highly integrated clinical presentation-based model and associated 
instructional week/cycle


2. Conversion of the Worked Case Example Sessions from small group discussions to Team 
Based Learning sessions


3. Conversion of the Clinical Scheme Presentations into professionally produced 
asynchronous learning modules


4. Integration of the Firecracker platform, and development of consistent standards for 
session-based and weekly formative self-assessments, to expand “assessment for learning” 
and promote Step 1 success


5. Transition of the SPM course assessment plan from a few critical unit exams to a system 
of scored coursework, more frequent mid-term exams, and a cumulative end-of-term final


6. Development of augmented academic performance programs to promote on-time 
academic progression and to facilitate the success of students requiring additional time to 
complete the pre-clerkship phase


7. Shortening of the pre-clerkship phase to three terms (coupled with shift in the clerkship 
and USMLE Step exam timelines)


8. An earlier and expanded 18-month clerkship phase (concluding with a flexible 24-week 
testing, remediation, early elective, and scholarship block)


9. Transition to a longitudinal integrated clerkship (LIC) model


10. Retention of a highly modular and flexible fourth year focused on success in the transition 
to residency







1. Retention of the highly integrated clinical presentation-based model and associated
instructional week/cycle


Rationale: 


The clinical presentation model: 


• Is a distinctive and innovative feature of the PLFSOM curriculum, a useful recruitment
tool, and a substantial basis for educational scholarship.


• Provides a motivating context for pre-clerkship phase medical student instruction.


• Creates a resilient framework for curricular integration, particularly between the
foundational and clinical sciences.


• Supports an instructional design based on the Kolb experiential learning cycle (“Why –
What – How – If”).


The PLFSOM clinical presentation pre-clerkship curriculum will continue to emphasize: 


• Integration of pre-clerkship foundational content in the context of its clinical application


• Active/engaged instructional methods


• Regular and abundant opportunities for expert-guided deliberate practice


• Regular and abundant unscheduled time for self-directed study


References: 


1. Mandin H, Woloschuk W, Harasym P. Helping students learn to think like experts when 
solving clinical problems. Academic Medicine 1997; 72:173-179.


2. Armstrong E, Parsa-Parsi R. How can physicians’ learning styles drive educational 
planning? Academic Medicine 2005; 80:680-684.


3. Woods NN. Science is fundamental: the role of biomedical knowledge in clinical 
reasoning. Medical Education 2007; 41:1173-1177.


4. Goldman E, Schroth WS. Deconstructing integration: a framework for the rational 
application of integration as a guiding curricular strategy. Academic Medicine 2012; 
87:729-734.


5. Kulasegaram KM, Martimianakis MA, Mylopoulos M, Whitehead CR, Woods NN. 
Cognition before curriculum: rethinking the integration of basic science and clinical 
learning. Academic Medicine 2013; 88(10):1578-1585.


6. See also the 2015 UME Strategic Planning Summary of 27OCT2015 and the Pre-
Clerkship Review Follow-up Retreat Binder of 02OCT2018
(http://elpaso.ttuhsc.edu/som/ome/CEPC/_documents/secure/PreClerkshipRetreatFollow 
Up.pdf)


7. 2018 AAMC Medical School Graduation Questionnaire



http://elpaso.ttuhsc.edu/som/ome/CEPC/_documents/secure/PreClerkshipRetreatFollowUp.pdf

http://elpaso.ttuhsc.edu/som/ome/CEPC/_documents/secure/PreClerkshipRetreatFollowUp.pdf





2. Conversion of the Worked Case Example (WCE) Sessions from small group
discussions to Team Based Learning (TBL)* sessions


Rationale: 


• Program evaluation data collected since PLFSOM’s inception indicate that the WCE
sessions are valued by the students but are associated with significant inconsistency in
content, method, and assessment depending upon the faculty tutor.


o TBL provides a standard and validated framework to ensure instructional
consistency.


• The use of faculty tutors as WCE small group facilitators is resource intensive, and tutor
recruitment is a constant challenge. Additionally, tutor “no shows” are common and
disruptive.


o Transitioning WCE from small group to TBL sessions will dramatically reduce
the demands on the clinical faculty related to pre-clerkship phase instruction.
Based on our current enrollment, and a group size of 8-10, 28 clinician faculty
contact hours are required for each of our weekly 2-hour case-based small group
sessions. As there are 29 such session in Year 1 and 20 in Year 2, this accounts
for up to 1,372 clinician faculty contact hours. If all of these sessions are
eventually converted to 2-hour TBL sessions involving 50-60 students and two
clinician instructors (plus medical education faculty facilitators), then at current
enrollment only 8 clinician faculty contact hours would be required per WCE
session (amounting to 392 pre-clerkship phase clinician contact hours per year).


• While the current WCE small group discussion format promotes team and
communication skills, as well as the student’s acculturation to working with clinicians,
these sessions frequently lack explicit and deliberate integration with the week’s
foundational biomedical science content.


o While conversion to TBL will results in fewer opportunities for pre-clerkship
students to interact directly with clinical faculty members, interaction with
clinicians (serving as session content experts and supported by Department of
Medical Education faculty moderators) will remain an essential part of the
experience. In addition, because the TBL sessions will be coordinated by the
Department of Medical Education faculty, this transition will facilitate the
systematic integration of the week’s foundational biomedical science content.


• As noted on multiple occasions by the faculty during annual unit debriefings, the current
WCE format does not allow for consistent and rigorous assessment of student
understanding and application of the case-based foundational biomedical science content.


o TBL provides well-defined structure for systematically assessing students
individually (via the IRAT) and in teams (via the GRAT and application
exercise). In this way, TBL’s can be linked to specific and assessable learning
objectives.


• A pilot of WCEs as ‘TBL-like’ sessions, conducted during the AY2018-19 SPM IV Mind
and Human Development Unit, was well-received by the students and faculty.







References: 


1. Thompson BM, Schneider VF, Haidet P, Levine R, McMahon KK, Perkowski LC, 
Richards BF. Team-based learning at ten medical schools: two years later. Medical 
Education 2007; 41:250-257


2. Parmelee DX, DeStephen D, Borges NJ. Medical Students’ Attitudes about Team-Based 
Learning in a Pre-Clinical Curriculum. Medical Education Online 2009; 14(1)


3. Koles PG, Stolfi A, Borges NJ, Nelson S, Parmelee DX. The Impact of Team-Based 
Learning on Medical Students’ Academic Performance. Academic Medicine 2010; 
85(11):1739-1745


4. Parmelee D, Michaelsen LK, Cook S, Hudes, PD. Team-based learning: A practical 
guide: AMEE Guide No. 65. Medical Teacher 2012; 34:e275-e287


5. See also, the 2015 UME Strategic Planning Summary of 27OCT2015,
 the PLFSOM 2017 LCME Accreditation Survey Self-Study Report for Standard 7 
(question 4; in Xitracs), and the Pre-Clerkship Phase Retreat Binder of 24JUL2018
(https://ttuhscep.box.com/s/xj5m2puxlpmn756r4byo62ifru0dku20).


Student evaluation data related to the worked case example sessions have been positive overall, 
with most students agreeing that “The work[ed] case examples helped me learn the material” 
(average response consistently at “agree” or slightly higher). For example, see the AY2016-17 
PLFSOM Annual Evaluation Report (http://elpaso.ttuhsc.edu/som/ome/_documents/secure/2016-
2017-Annual-Evaluation-Report.pdf). However, narrative comments and discussions with SCEC 
members indicate that the students perceive significant inconsistencies in the WCE experience – 
as do the faculty based on comments in unit debriefings and curriculum retreats. 


*referring to TBL or closely related interactive instructional methods in which students interact
and respond in teams.



https://ttuhscep.box.com/s/xj5m2puxlpmn756r4byo62ifru0dku20

http://elpaso.ttuhsc.edu/som/ome/_documents/secure/2016-2017-Annual-Evaluation-Report.pdf

http://elpaso.ttuhsc.edu/som/ome/_documents/secure/2016-2017-Annual-Evaluation-Report.pdf





3. Conversion of the Clinical Scheme Presentations into professionally produced
asynchronous learning modules


Rationale: 


• The clinical scheme presentations are an essential component of PLFSOM’s pre-
clerkship clinical presentation-based curriculum. However, student feedback suggests
substantial inconsistency in the structure and quality of these presentations.


• Identifying, training, and scheduling clinician faculty members to provide these
presentations is costly and a logistical challenge. Additionally, clinician faculty members
are often discouraged by the low number of students who attend these sessions (as
opposed to viewing them online).


• Although it appears that most students view the clinical scheme presentations, in-person
attendance varies and diminishes over time. This frustrates the clinician scheme
presenters and is a problem that, along with scheduling, could be mitigated by
transitioning the clinical scheme presentations to asynchronous learning modules.


References: 


1. Mandin H, Woloschuk W, Harasym P. Helping students learn to think like experts when
solving clinical problems. Academic Medicine 1997; 72:173-179


2. Ruiz, JG, Mintzer MJ, Leipzig RM. The Impact of E-Learning in Medical Education.
Academic Medicine 2006; 81:207-212


Student evaluation data related to the clinical scheme presentation sessions have been positive 
overall, with most students agreeing for most units that “The clinical presentation schemes 
contributed to my learning in this unit”. For examples, see the AY2016-17 PLFSOM Annual 
Evaluation Report (http://elpaso.ttuhsc.edu/som/ome/_documents/secure/2016-2017-Annual-
Evaluation-Report.pdf). However, narrative comments and discussions with SCEC members 
indicate that the students perceive significant inconsistencies in the style and content of the 
clinical scheme presentations – as do the faculty based on comments in unit debriefings and 
curriculum retreats. 



http://elpaso.ttuhsc.edu/som/ome/_documents/secure/2016-2017-Annual-Evaluation-Report.pdf

http://elpaso.ttuhsc.edu/som/ome/_documents/secure/2016-2017-Annual-Evaluation-Report.pdf





4. Integration of the Firecracker platform, and development of consistent standards
for session-based and weekly formative self-assessments, to expand “assessment for
learning” and promote Step 1 success


Rationale: 


• Assessment of medical student competence involves a balance of formative
assessment and summative assessment. Formative assessment, or ‘assessment for
learning’, promotes learners’ success by delivering ‘real-time’ feedback to help guide
future learning, provide reassurance, and promote reflection. Formative assessments
provide benchmarks to orient the learner, reinforce their intrinsic motivation to learn,
and inspire them to set higher standards for themselves.


• Formative assessment has been shown to have positive effects on learning and
performance. A robust formative assessment system is a vital component of a
competency-based and learner-centered curriculum, which addresses the needs of
millennial learners, many of whom engage in independent, asynchronous learning.


• Learner participation and performance on formative assessments have been shown to
be effective predictors of summative assessment performance in medical school.
Feedback in recent PLFSOM pre-clerkship student evaluations has conveyed an
increased interest in more formative assessment opportunities.


• The LCME has mandated midcourse and/or midclerkship formative assessment as a
requirement in undergraduate medical education to facilitate early student
remediation:


o Element 9.7 -- Formative Assessment and Feedback: The medical school's
curricular governance committee ensures that each medical student is assessed
and provided with formal formative feedback early enough during each
required course or clerkship to allow sufficient time for remediation. Formal
feedback occurs at least at the midpoint of the course or clerkship. A course or
clerkship less than four weeks in length provides alternate means by which a
medical student can measure his or her progress in learning.


• Adaptive spaced education, like that provided by electronic learning tools such as
Qstream® and Firecracker®, is an approach to delivering individualized formative
assessments that boost learning efficiency and knowledge retention by harnessing the
positive effects of spaced retrieval and repetitive testing.
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5. Transition of the SPM course assessment plan from a few critical unit exams to a
system of scored coursework, more frequent mid-term exams, and a cumulative end-of-
term final


Rationale: 


• PLFSOM pre-clerkship students currently receive a single high-stakes SPM summative
assessment at the end of each of our 10 organ-system based units. The variable length of
each unit (ranging from 4-8 weeks), coupled with a relatively uniform size of each
summative assessment (~150 MCQs), creates inconsistencies in terms of assessment
depth and breadth.


• In our current model, exam-associated student stress appears to be higher when units are
larger, overall exam performance tends to be lower, and feedback indicates students are
less satisfied with the perceived fairness of the associated summative assessment. Student
feedback also suggests that they would prefer larger units to be assessed in smaller
sections.


• As a consequence of less frequent SPM summative assessment in our current model, the
identification, support and remediation of ‘at risk’ learners is delayed, possibly resulting
in a higher number of students required to repeat a year in the pre-clerkship phase.


• A growing body of literature reports on the advantages of frequent summative assessment
in higher education, sometimes referred to as ‘continuous summative assessment’.
Research has shown that continuous summative assessment increases students’
motivation to study, improves self-efficacy, enhances group dynamics, and leads to better
performance on final exams. Studies have also shown that this type of assessment
approach increases student engagement and positively impacts the learning environment.
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6. Development of augmented academic performance programs to promote on-time
academic progression and to facilitate the success of students requiring additional time
to complete the pre-clerkship phase.


Rationale: 


• In addition to other relevant factors, all PLFSOM students are selected based on their
academic fitness, so the school bears substantial responsibility for each student’s
academic success.


• Although PLFSOM’s clinically integrated pre-clerkship phase is based on settled
principles of adult learning (teaching in the context of intended application, expert guided
instruction, frequent opportunities for deliberate practice, and abundant unscheduled time
for study and exploration), students matriculate from highly diverse backgrounds,
variably prepared for the style and rigor of this curriculum.


• Based on its mission and setting, PLFSOM deliberately selects a class that is especially
diverse and reflective of social and economic challenges of west Texas and the southern
border region. To fulfill its mission, the school must be prepared to not only admit, but to
facilitate the academic success of every matriculant.


• Regarding both economic and opportunity costs, the school and its students substantially
benefit from timely progression. In addition, the vast majority of U.S. medical students
succeed in graduating in 4 or 5 years – ultimately validating their academic potential.
Through the promotion of on-time progression, and the mitigation of delayed progression
and attrition, PLFSOM will benefit from the development of more effective systems for
academic support.


• There are directly relevant LCME accreditation expectations:
o Standard 11 -- Medical Student Academic Support, Career Advising, and


Educational Records: A medical school provides effective academic support and
career advising to all medical students to assist them in achieving their career
goals and the school’s medical education program objectives. All medical
students have the same rights and receive comparable services.


o Element 11.1 – Academic Advising: A medical school has an effective system of
academic advising in place for medical students that integrates the efforts of
faculty members, course and clerkship directors, and student affairs staff with its
counseling and tutorial services and ensures that medical students can obtain
academic counseling from individuals who have no role in making assessment or
promotion decisions about them.
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7. Shortening of the Pre-Clerkship phase to three terms (coupled with shift in the clerkship 
and USMLE Step exam timelines)


Rationale: 


• While medical schools have been engaged in substantial curricular reform for the past 30
years, the 2010 release of the Carnegie Foundation’s Educating Physicians: A Call for
Reform of Medical School and Residency brought focus to the collective efforts of the
medical education community across the country. Key elements of the report included
recommendations to enhance the integration of formal knowledge with clinical
experience and to promote early professional identity formation through the introduction
of situated learning in clinical practice.


• To meet this goal, more schools are moving to a curricular model where clerkships are
initiated within 12-18 months of matriculation. By starting clinical training earlier,
students can hone their skills, apply foundational knowledge to relevant real-world
situations, and increase their ability to handle a broad variety of cases.


• Recent data from the AAMC shows that the number of schools with a shortened pre-
clerkship phase jumped from 45 to 57, or more than a 25% increase, from 2016-2018
(Figure 1), and that 68 additional schools were undergoing efforts to shorten their pre-
clerkship curriculum during the 2017-2018 reporting period (Figure 2)


• As the USMLE Step 1 exam continues to place a greater emphasis on the application of
foundational knowledge to the practice of medicine as well as diagnostic reasoning and
patient management, a growing number of schools are delaying Step 1 until after students
complete their clerkships. Recent preliminary studies indicate that moving Step 1 to after
core clerkships does not negatively impact scores or first time pass rates, and suggests
there may be other desired outcomes provided some associated challenges (e.g.
identification and remediation of ‘at risk’ students) are strategically addressed.


Figure 1: Source: www.aamc.org/initiatives/cir/474336/35.html 







Figure 2:  Source: www.aamc.org/initiatives/cir/427196/27.html 
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8. An earlier and expanded 18-month clerkship phase (concluding with a flexible 24-week 
testing, remediation, early elective, and scholarship block)


The pre-clerkship curriculum ending in 3 semesters opens up an opportunity for students to begin 
significant clinical experiences earlier in the course of their medical education. In AY 2017-
2018, 57 out of 147 schools started clerkships in the spring of the second year. 


Medical student learning in the workplace fosters the development of two essential qualities – 
“practical competence and a state of mind that includes confidence, motivation, and a sense of 
professional identity.” Furthermore, early placement of clinical clerkships enhances the 
opportunity for vertical integration of basic science material in the context of patient care.  


The proposed flexible 24 week block would be placed after completion of the core clinical 
rotations in the LIC. Corresponding to this shift, the requirement for USMLE Step 1 would move 
to the spring of the 3rd year.  


In this model, the flexible 24 week block would consist of the following: 


• USMLE Step 1
o A self-study period of up to 8 weeks
o Requirement to take the exam by March 15 of the third year (proposed date)
o Moving Step 1 until after the clerkship phase has several advantages


 Deliberate integration of the basic and clinical sciences during the
clerkship phase


 Possible increase in Step 1 scores accompanied by a decrease in failure
rate for first time takers


• Research
o PLFSOM is one of 49 US medical schools with a research requirement (SARP).


The flexible time could be used to complete the requirement for SARP and
conduct additional research which would be valuable in enhancing residency
applications.


• Electives
o Students would be expected to take one or more 4-week clinical or basic science


electives. This opportunity for an early elective would allow students to explore
additional career choices beyond the core clerkships.


• USMLE Step 2 CK & CS
o Students could elect to take Step 2 CK and Step 2 CS during this flexible time


with a requirement to take both exams by September 30th of year 4 (proposed
date).


Summary 


Placement of the 24 week flexible block allows students time to pursue meaningful research and 
to explore specialties and career options earlier in the curriculum. In addition, delaying the 
requirement for completion of USMLE Step 1 has the potential to improve outcomes for this 
important exam. 
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9. Transition to a longitudinal integrated clerkship (LIC) model


Background


The clerkship phase of a traditional medical education program includes separate clerkships in 
core disciplines. This type of block rotation in clerkships has been used for over 100 years. 
However, the practice of medicine has changed considerably with attending physician 
assignments on service becoming shorter and more intense and ambulatory schedules that change 
frequently based on other commitments. This makes mentoring relationships and progressive 
assessment of student skills more challenging. Furthermore, in this model, the students typically 
rotate through the block clerkships in random order without intentional sequencing to ensure that 
students are prepared for the next step and faculty are informed and ready to assist the student in 
progressing to the next level. 


The current clerkship model at PLFSOM is depicted below and partially addresses these 
concerns with 3 semi-integrated blocks that are 16 weeks in length.  


Figure 1: Current PLFSOM Clerkship Phase Schematic 


At our clerkship phase retreat on June 18, 2018, the clerkship directors discussed their perception 
of the strengths and opportunities for improvement in our current program. 


Strengths noted in the current clerkship 
model: 


• Dedication of faculty, clerkship
directors and residents to teaching


• Integration that is present in clerkship
pairs


• Enrichment activities present in the
clerkships


• Service to the community and our
unique location and patient population


• Preparation of the students to enter
clerkships


Opportunities for improvement noted in the 
current model: 


• Increase exposure to undifferentiated
patient


• Improve history and physical exam
skills


• Increase student value in the
workplace and student autonomy


• Develop 1:1 mentoring relationships
between students and faculty/residents


• Increase continuity between learners
and faculty/residents


• Improve tracking of student progress
across blocks
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Many observers of medical education have called for changes that would improve the 
connections and continuity across different learning experiences. Continuity can be fostered at 
different levels:  


• Continuity of the curriculum supports the learner’s development over time, beginning
with foundational knowledge and skills and progressing to more complicated skills and
tasks. This is facilitated by collaboration across clinical departments with
interdisciplinary ownership emphasizing core clinical competencies.


• Continuity of care promotes patient-centeredness. As noted by our clerkship directors, it
is important for students to be involved before the diagnosis is made and to follow their
patients through the episode of illness or as long as possible to develop their diagnostic
reasoning skills and to observe the effects of their management.


• Continuity of supervision encourages the development of trusting relationships that
enable shared goal setting and coaching. In any new setting, each student is initially an
observer until they develop the skills and knowledge to become a contributing member of
the team.


To achieve these goals, medical schools have developed longitudinal integrated clerkships. The 
structure and scheduling of the longitudinal experiences varies based on site and local strengths.  


Figure 2: Information from the AAMC Curriculum Inventory: 


Advantages of Longitudinal Integrated Clerkships and the impact on students: 


• More satisfied with their experience
• More patient-centered
• More substantive relationships with faculty & patients
• Greater responsibility for patient care
• More independent in physician-like roles
• As well or better on clinical skills
• As well or better on exam performance


There is also evidence that students trained in a LIC model are more likely to enter primary care. 


Opportunity at PLFSOM: 


 







PLFSOM has the opportunity to preserve the strengths of our current model and improve the 
integration across disciplines and continuity of experiences. The advantages of the LIC outlined 
in the literature will address many of the areas for improvement noted by our faculty. The 
clerkship directors can work together to take our current structure with partially integrated blocks 
to the next level. The proposal is to create a blended LIC with two semesters – each with 
dedicated inpatient blocks and ambulatory blocks. In addition, consideration can be given to 
extend a Family Medicine/primary care longitudinal experience across both semesters and to 
bring Emergency Medicine and Neurology into the third year curriculum, with Emergency 
Medicine as a longitudinal experience. The Psychiatry longitudinal and Mother/Baby 
longitudinal currently in the curriculum would be preserved and enhanced. A longitudinal 
individualized learning plan is under consideration to encourage and enable student-centered 
learning, identifying areas for improvement and possibly pursuing exposure to specialties outside 
of the core clerkships. 


Figure 3: General Calendar Draft (please note that this is an example only. Details are evolving 
with continued discussion with Clerkship Directors) 
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10. Retention of a highly modular and flexible fourth year focused on success in the
transition to residency


The current fourth year of our medical curriculum consists of 12 four-week blocks that can be 
used for 2 or 4 week courses, clerkships, electives and flexible time. There is a total of 48 weeks 
in the current calendar plus 2 weeks for winter break. 


The current required experiences are: 


• Sub-Internship Selective – 4 weeks
• Critical Care Selective – 4 weeks
• Emergency Medicine – 4 weeks
• Neurology – 4 weeks
• Bootcamp  (specialty neutral preparation for residency) – 2 weeks
• Electives – total of 16 weeks
• Flexible time – 14 weeks


o This can be used for vacation, interviews, Step preparation and study, and
research.


With the changes proposed in Section 9, the Emergency Medicine and Neurology requirements 
will move to the third year curriculum and the fourth year calendar would begin in the second 
week of July. There will be 10.5 four-week blocks with 42 total weeks available. Please note that 
early electives will also be available in block 3 of the LIC prior to the start of the fourth year 
curriculum. 


The proposed requirements in the new fourth year calendar are: 


• Sub-Internship Selective – 4 weeks
• Critical Care Selective – 4 weeks
• Bootcamp – 2 weeks
• Electives – total of 16 weeks required
• Flexible time – 16 weeks


This distribution is on par with other medical schools. The AAMC Curriculum Inventory reports 
an average of 3.8 weeks devoted to critical care in 3rd or 4th year. Similarly, average time devoted 
to Surgery and Internal Medicine in 4th year (equivalent to our Sub Internship Selectives) is 4.3 
weeks. The proposed model also maintains the bootcamp requirement to prep the graduating 
students for day 1 of their residency. 


This flexible schedule allows students to pursue a variety of electives and time for important 
activities including additional research, self-study for Step 2 CK and CS, and scheduling 
residency interviews. 
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Appendix 







References for Point 1
Retention of the highly integrated clinical presentation-based model and associated 


instructional week/cycle
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Article


How Can Physicians’ Learning Styles Drive
Educational Planning?
Elizabeth Armstrong, PhD, and Ramin Parsa-Parsi, MD, MPH


Abstract


As changes in health care delivery
systems and in the global burden of
disease call for a reassessment of how
tomorrow’s physicians should be
educated—indeed, for a reconsideration
of the diversity of roles the physician
should play—there is an immediate need
to produce continuing medical education
(CME) programs with real impact.
Curriculum planners are questioning
both the content of medical education
and the methods of instruction and
training. The product, or content, and
the mechanism for its delivery have been
defined and discussed, but a significant


body of literature has shown that new
knowledge does not necessarily lead to
new behavior. Ample evidence exists in
the CME literature to support the
implementation of more active and self-
directed learning strategies to promote
the desired change in behaviors. The
question, then, that is the focus of this
article is how educational planning might
be better guided by an understanding of
how physicians learn within the
continuing medical education domain.
Revisiting the principles of David Kolb’s
Learning Styles Inventory, the authors
propose applying his experiential learning


model to overall curriculum design work.
The authors argue that promoting the
application of all learning styles in
sequence in an educational encounter is
a most desirable approach, and that this
approach to learning could extend far
beyond individual learners to influence
how every component of medical
education is designed, from the
individual lecture or class activity to
entire courses or programs.


Acad Med. 2005; 80:680–684.


As the corpus of knowledge basic to
medicine continues to grow
exponentially, physicians today find
themselves operating in a complex
environment marked by shifts in health
care delivery, and challenged to ensure
patient safety while accommodating the
conditions of increasingly busy and cost-
conscious practices. Educators, too, are
working to ensure that the academic
mission—from the definition of its core
principles to the way it is pursued—is
aligned with the evolving demands of this
health care environment. These efforts
can be seen on a global scale in the
emergence of new medical schools, a
resurgence of curriculum reform
activities within established medical
faculties, and increased efforts to define
curricula for postgraduate training. And
while changes in health care delivery
systems and in the global burden of
disease call for a reassessment of how


tomorrow’s physicians should be
educated—indeed, for a reconsideration
of the diversity of roles the physician
should play—there is an immediate need
to produce continuing medical education
(CME) programs with real impact.


Attempts to address these fundamental
issues, and the significant pressure on
leaders in academic medicine, are well
documented. Curriculum planners are
questioning both the content of medical
education (“What should be included in
the curriculum?”) and the methods of
instruction and training (“How should
this knowledge be delivered?”). A third
area of research has focused on
connecting content and teaching through
an understanding of how learning occurs
(“Why design curricula that foster active


learning?”). The product, or content, and
the mechanism for its delivery have been
defined and discussed, but a significant
body of literature has shown that a
learner’s new knowledge does not
necessarily lead to new behavior. Ample
evidence exists in the CME literature to
support the implementation of more
active and self-directed learning strategies
to promote the desired change in
behaviors.1 Yet the lecture still stands as
the central component of the majority of
CME programs, despite the fact that
lecture-based CME programs have
proved inadequate, statistically, for
altering the behavior of participants.1


CME is thus the rare industry where a
significant gulf— backed up by data that
continue to accumulate— exists between
consumer and demand and the product
developed to support that demand.* The
question, then, that is the focus of this
article is how educational planning might
be better guided by an understanding of
how physicians learn within the CME
domain. Revisiting the principles of
David Kolb’s Learning Styles Inventory
(LSI), we propose applying his
experiential learning model to overall
curriculum design work.


Respectful of the years of research that
precede our modest effort, we limited our
work, described below, to an examination
of the learning style preferences of
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*We do not wish to ignore the economic rationale
for lecture-based CME versus programs that
incorporate active, hands-on experimentation.
Obviously the latter style introduces complexities for
CME providers, by challenging them to rethink the
intellectual and physical resources and the time
required to deliver a CME program. However, the
feasibility of different kinds of program activities for
CME providers is a topic for another article. As
advocates of experiential learning, we would argue
that given the data supporting physicians’ preference
for active learning over the more traditional didactic
exercises, CME providers that do not develop
activities with this preference in mind must question
whether their programs are serving the mission of
changing physicians’ behavior.


Academic Medicine, Vol. 80, No. 7 / July 2005680







physicians in practice. In the rest of this
article, we first describe the Kolb learning
styles, then review the findings of
previous studies using the Kolb Learning
Styles Inventory, and contrast our
findings with those obtained over the
past 40 years to examine consistency in
findings. Later, we offer a set of concrete
examples of how Kolb’s experiential
learning theory may be applied to the
design of curricular activities.


Background: The Kolb Learning Styles


In the early 1970s, David Kolb, then a
PhD student at Harvard University
conducting research on the psychology of
learning, theorized that differences in the
way people learned had to do with the
way they perceive and then process an
experience. Kolb’s emphasis on
experience as the central role in the
learning process differentiated the
experiential approach from those of other
learning theories.2 He summarized the
characteristics of the experiential learning
process with a working definition of
learning: “Learning is a process whereby


knowledge is created through the
transformation of experience.”3


According to Kolb, two dimensions are
necessary for learning to occur. The first
dimension is described as a grasping, or
perceiving, medium, and the second one
as a transformation, or processing,
medium. Learning results from the way
people perceive and then process that
information, making it their knowledge.
The two mediums can be conceptualized
as axes with continuum dimensions, as
shown in Figure 1.


In the figure, the vertical axis represents
perception and may have an event or
interaction (“concrete experience”) on
one extreme or an idea or theory
(“abstract conceptualization”) on the
other. The horizontal axis transforms an
experience by reflecting on it (“reflective
observation”) to the one extreme or
processes it by acting upon it (“active
experimentation”) to the other extreme.
Hence, either a concrete experience or a
theory is “grasped,” to use Kolb’s
terminology. For the learner who,


encountering an experience, opts for
active experimentation, the act of
“doing” transforms the experience into
something new—that is, personal
knowledge that did not exist before. The
learner who chooses to reflect upon the
experience similarly adds something new
to it, thus transforming the experience
into new personal knowledge.


The two axes with continuum
dimensions describe four quadrants with
four different learning styles. If a concrete
experience leads the learner to reflect
upon it, then the learner has what Kolb
defined as a “diverging” learning style. If
an abstract concept leads one to actively
experiment with it, then the learner has a
“converging” learning style. Similarly a
concrete experience transformed through
active experimentation suggests an
“accommodating” learning style, and a
theory processed through reflection
will result in an “assimilating” learning
style.


Ideally, a learner should be able to use
each of the four different kinds of abilities


Figure 1 The four basic learning styles: diverging, assimilating, converging, and accommodating, each in its own quadrant (e.g., “diverging” is in
quadrant 1). The quadrants are formed by two axes, the vertical one representing the continuum of perception (from experiencing to thinking), and
the horizontal one representing the continuum of transformation of an experience, from acting to reflecting. See Figure 2 for a concrete curriculum
planning framework based on the concepts in this figure. (Adapted from Kolb DA. Experience as the Source of Learning and Development. Engle-
wood Cliffs, NJ: Prentice Hall, 1984:42, with permission.)
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in order to gain the most effective
learning results for every particular
situation. However, influenced by nature
and nurture and different experiences
and demands in the past and present,
learners tend to develop preferences in
one or more of the four learning style
quadrants. Based on experiential learning
theory, Kolb developed a learning styles
inventory to measure an individual’s
preferential learning mode. Since then,
the Kolb LSI has been an instrument for a
number of studies on the learning
styles and career choices of physicians,
medical students, and health care
professionals.4 – 6


Designers of CME offerings for practicing
physicians must consider a number of
factors: individuals’ preferred learning
styles, their previous education, the
problem to be solved, and the available
professional support for learning.7 As
Kolb writes, “Any educational program,
course design or classroom session can be
viewed as having degrees of orientation
toward each of the four learning
modes.”3 Utilizing and promoting the
application of all learning styles in
sequence in an educational encounter is
the most desirable. The experiential
learning model is most effectively
supported when educational planning
creates an environment in which all styles
are accommodated and fostered in a
sequence moving from a definition of
personal meaning and needs to the
acquisition of new knowledge, followed
by practical application and then
synthesis and extension.2


Implications of Experiential Learning
Theory


In the medical education literature, the
Kolb LSI has been used for several U.S.
studies that have produced varying
conclusions. For example, Plovnick8


suggested a correlation between medical
students’ learning styles and medical
specialty choices. Wunderlich and


Gjerde,9 however, concluded that
learning style and career choice in
medicine are not associated.
Contradictory results may certainly be
explained with varying methodologies,
different physician epidemiology, or
different publication years. However,
irrespective of the medical specialty
choice and varying methodologies, most
studies’ findings suggest that medical
students and physicians would prefer the
learning styles of either accommodators
or convergers (quadrants 3 and 4).10 –13


In 2003 and 2004 we administered the
Kolb LSI to participants in Harvard
Medical International’s (HMI’s)
professional development programs for
physicians and scientists actively engaged
in educating future physicians.†


Participants were asked to voluntarily
complete the Kolb LSI online as a
preassignment to their courses, in
preparation for a session whose objective
was to design curricula that utilize the
styles represented in Kolb’s four
quadrants. This course preassignment
represented work in Kolb’s first quadrant;
completing the LSI provided the
participants with an experience they
could discuss and reflect upon during the
opening of the teaching session on
creating effective curricula. We collected
all responses anonymously, reviewed the
data, and summarized the results. The
summarized datasets for previously held
courses, along with each cohort’s group
results, were given to the participants.
Each participant also received personal
results immediately after completing the
survey online. Thirty-seven percent of the
372 participants were identified as
convergers; another 22% were
accommodators. Thus, the majority
(59%) of these physicians’ learning styles
were more toward the left side on the
transformation axis, indicating their
preference for active experimentation
with newly acquired knowledge. These
findings were consistent with the data
from the studies mentioned before.


Implications for Designing Educational
Programs


While knowledge of an individual’s
learning style may be of interest to a
mentor, advisor, study coach, and that
individual, it is usually of little use to the
faculty member planning an educational
encounter with a class in which, typically,
all styles are represented. However,
compilation of this information about


individuals into a group composite would
indicate to faculty the necessity of
offering learning formats conducive to
the majority of learners, who sometimes
will have learning styles that differ from
the preferred style of the instructor.14


The extension of Kolb’s experiential
theoretical framework to an
understanding of the learning process in
general is also helpful to the curriculum
planner. In the ideal learning process,
learners start with a concrete experience
and involve themselves fully, openly, and
without bias. Then they reflect upon it
and observe it from many perspectives.
They make comparisons with existing
theories and create concepts that
integrate their observations into logically
sound theories. Then they actively test
these theories and use them to make
decisions and solve problems. They are
then motivated to undertake new
experiences and thereby restart the cycle.3


In other words, the best design for
learning requires all learners to work in
each style in a sequence moving from
quadrants 1 to 4. McCarthy translated
Kolb’s recommendation into a concrete
curriculum planning framework, the
“4MAT system.”2 Figure 2 represents this
application of the framework, reflecting
the four learning styles in the sequence in
which teachers should employ them.


While there have been contradictory
research findings regarding the usefulness
of matching instructional techniques to
the learning style of an individual in
medical education, we propose only to
use experiential learning theory in
designing curricula for groups.
Curriculum and course designers should,
therefore, employ all learning modes,
while remaining cognizant of the
predominance of physicians’ learning
styles. If the majority of physicians prefer
to transform that which they experience
through active experimentation, then our
learning environments should be
designed to maximize possibilities for
that. We are not suggesting that
instructional strategies be adapted to
match the learning styles of individual
learners. Rather, we should encourage all
learners to go through all four modes for
maximum learning impact.


We employ this framework in the
professional development courses we
design for physicians seeking to develop
their skills as leaders of educational


†Twelve separate courses were held in the United
States, Canada, United Kingdom, India, Germany,
Japan, and Singapore. Participants were health care
professionals with the majority being physicians. For
more information about these and other courses
offered by Harvard Medical International (HMI),
visit the organizational Web site at
�http://www.hms.harvard.edu/hmi/newindex.html�.
HMI, a nonprofit subsidiary of Harvard Medical
School, creates programs and partnerships around
the world with the goal of raising the standard of
health care delivery, medical education, and
research.
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programs in multiple health care
environments. In this framework,
learning begins with the learner’s
reflecting on prior experience and
anticipating new activities—the
fundamental principle of Kolb’s first
quadrant—and moves through the four
quadrants to the point where the learner
is implementing new knowledge in his or
her practice and is restarting the cycle by
returning through reflection to quadrant
1. We, therefore, engage all learners to
participate in the four styles of learning,
as explained below.


Quadrant 1: Activate prior knowledge.
Any effective educational encounter
begins with the learner. In our
professional development courses, the
participants bring questions, goals, issues,
and real-world projects that set the stage
for learning to be anchored in tasks and
goals the learner has defined. We use
surveys about needs and goals to establish
a baseline at the beginning of these
courses, and ask participants to create a
biosketch, which enables us, as the
course’s instructors, to understand the


experience base of our audience. These
group and individual exercises both
provide a clear starting point for the
learning process and also help the
learners clarify what they hope to
accomplish and why they should actively
engage in the course work. This creates
an environment that places the learner at
the center. The teacher gets to know and
care about the participants as individuals.
Through activating, articulating, and
reflecting what they already know and
value, the participants ready themselves
to listen to and evaluate the new
information the course provides.


Quadrant 2: What is the new
knowledge? Second, we use readings
reviewed in journal clubs and lectures to
bring new information, data, and
principles to the learner to enrich and
expand the existing fund of knowledge
required to address the learner’s needs or
meet his or her goals. In teaching through
the second quadrant, learners move from
reflection on concrete experiences to
thinking, whether reviewing relevant
literature, analyzing new data, or


beginning to develop principles that are
drawn from evidence they gather in
structured observations. Most traditional
programs that are heavily lecture-based
begin and end in this quadrant without
ever moving beyond the delivery of
information.


Quadrant 3: Try it out. Kolb’s third
quadrant calls for a shift from thinking to
doing, moving from theory to practice.
The idea is to create opportunities for
physicians to experiment with their new
knowledge in a safe environment, to put
new ideas and skills to the test. This
practice can take the form of a case-
discussion in which a solution to a
problem is sought. The learner benefits
from articulating and analyzing existing
beliefs, and exploring new concepts that
challenge those beliefs. Preparation for a
case-discussion requires individuals to
analyze a problem scenario and come to
class ready to summarize their assessment
and proposed solution. During
discussion, the learner is made aware of
additional possibilities and is required to
actively listen and contribute to a class


Figure 2 A concrete curriculum planning framework and how it should be applied, based on the concepts in Figure 1. Every learning experience
should begin at quadrant 1 and move through the cycle shown in the figure to its natural conclusion in quadrant 4.
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synthesis of the case through the class
members’ integration of the group’s
knowledge.


Simulations also effectively allow for
practice in the classroom laboratory.
Role-plays, table exercises, and
microteaching are extensively used to
offer opportunities to experiment with
new concepts. Finally, there is always
time set aside for work on personal goals
and projects brought to the course. By
offering opportunities for applying new
learning to the real-world issues that
created the original motive for taking the
course, we hope to ensure that new
actions can be tested in the safety of the
classroom environment. The classroom is
a laboratory.


Quadrant 4: Just do it! The culmination
of this four-part process is a commitment
by the learner to put a new behavior into
practice in his or her own setting, and
articulate this commitment in a written
action plan that will guide the learner’s
new work. This new behavior, once
implemented and ingrained, thus
becomes the “prior knowledge” that is
the baseline on which the learner will
reflect when the learning cycle, which is
really continuous, is begun again.


CME and Beyond


The four-part educational design
described above honors the preferred
style of each learner while maximizing
the potential for learning that results in
changed behaviors. It is important to
note that this framework can be used at
multiple levels: by course planners and
curriculum designers, as well as by faculty
planning individual sessions or modules.
Grounded in experiential learning theory,


this four-stage curricular planning
framework promotes active learning
through reflection and practice.


Kolb’s LSI has been a useful tool for
analyzing how doctors across the
spectrum of medicine approach
problems, determine actions, and build
upon their repository of knowledge. As
long as the LSI data continue to show
that the majority of doctors prefer active
experimentation with newly acquired
knowledge, then CME providers should
strive to develop education programs that
provide those kinds of opportunities.


In this article we have proposed a
framework based on experiential learning
theory that is consistent with the
mounting evidence that learners in CME
courses prefer that kind of learning.
We are not arguing that active
experimentation, grounded in goal-
setting, practice, and reflection, be the
sole basis for designing courses. However,
we strongly believe that this framework
provides learners the opportunity to
establish goals, practice with new
knowledge, implement and test what they
have learned, and reflect upon the
experience. This approach to learning
could extend far beyond individual
learners to influence how every
component of medical education is
designed, from the individual lecture or
class activity to entire courses or
programs.
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Science is fundamental: the role of biomedical
knowledge in clinical reasoning
NICOLE N WOODS


CONTEXT Although training in basic science is
generally considered a critical aspect of medical
education, there is little consensus regarding its
precise role in clinical reasoning. Whereas some
reports suggest that biomedical knowledge is rarely
used in routine diagnosis, other research has found
that biomedical knowledge can become an integral
part of the expert knowledge base.


OBJECTIVE The purpose of the current paper is to
present evidence in support of different views
regarding the role of biomedical knowledge, includ-
ing the two-world hypothesis, encapsulation theory
and recent work on the role of biomedical knowledge
in novice diagnosticians. The implications of these
models for clinical teaching will be examined.


DISCUSSION Recent work suggests that biomedical
knowledge can help novices develop a coherent and
stable mental representation of disease categories.
As a result, learners are able to retain clinical
knowledge over time and maintain diagnostic
accuracy when faced with clinical challenges. This
suggests that clinical teachers should attempt to make
explicit connections between biomedical knowledge
and clinical facts during training.


KEYWORDS *clinical competence; *decision mak-
ing; *diagnosis; biological sciences ⁄ *education;
education, medical, undergraduate ⁄ *methods;
teaching ⁄ *methods.


Medical Education 2007: 41: 1173–1177
doi:10.1111/j.1365-2923.2007.02911.x


INTRODUCTION


Clinical reasoning depends on a careful balance of
several different types of knowledge, including
knowledge of the clinical features of disease, of case-
based exemplars and of the biomedical mechanisms
that govern the functioning of the human body.
Although few would argue the importance of clinical
knowledge or that novices should be exposed to a
variety of cases, clinical teachers continue to debate
the role of biomedical knowledge in routine clinical
reasoning. Whereas basic scientists may tout the
importance of their discipline, some clinicians see
the biomedical sciences as only peripherally relevant
to daily practice.


At first glance it is easy to understand both sides.
Even a layperson would agree that a trained health
professional should have some understanding of
anatomy, physiology, genetics, biochemistry and
biology. Patients imagine that their doctors routinely
consider these fundamental principles. Most people
would find something unsettling about the notion
that these disciplines might have little impact on
everyday medical decisions. By contrast, we are all
familiar with situations in which information that is
important in theory becomes less so in practice.
Much like the content of a high school physics class,
the basic science training received in medical school
might be quickly forgotten with time and practical
experience. According value to basic science in
routine clinical reasoning may represent a naı̈ve
perception that is not reflective of daily experience.
Proponents of such an argument can find ample
support in the clinical reasoning literature, citing
numerous examples of expert reasoning that is
seemingly independent of basic science knowledge.1–3


Pattern recognition1 and other forms of non-analytic
reasoning2 can lead to accurate clinical decisions
with little-to-no biomedical knowledge. A clinician
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simply does not need to recall the specific mecha-
nism of a disease in order to recognise the similarities
between 2 patients, suggesting that there is little
need for basic science knowledge to play a substantial
role in any model of the nature of medical expertise.


Patel and colleagues once championed such a model
in which basic science concepts and clinical knowl-
edge form 2 entirely separate mental representations,
with clinical knowledge providing the basis for most
expert reasoning and biomedical knowledge
serving predominantly as a communication tool.3


Patel et al. sought to support this model through the
most direct means possible: a series of studies that
simply asked clinicians to think aloud while working
through a clinical case. A qualitative analysis of the
verbal reports revealed little mention of biomedical
concepts.3,4 Instead, most doctors focused on the
analysis and interpretation of clinical features. Only
when confronted with a diagnostic challenge did
experienced clinicians begin to explicitly rely on
biomedical principles.5


Combine the empirical findings of Patel et al. with
the anecdotal reports of practising clinicians and it is
tempting to conclude that basic science is of little
value to the experienced clinician. However, the
doctors in these think-aloud studies and the practis-


ing clinician who believes he does not use his basic
science knowledge may simply be expressing a type of
meta-cognitive bias that we all display. They simply do
not recognise (and therefore cannot verbalise) how
their knowledge of physiology, biochemistry and
the other sciences shapes the way they view, organise
and interpret clinical information. This is neither a
novel concept nor unique to doctors. As human
beings, we are often unaware of cues, assumptions
and background knowledge that impact our deci-
sions.6 However, lack of awareness of the impact of
basic science knowledge does not diminish its actual
significance. Although the clinical sciences may have
the most obvious impact on expert reasoning, basic
science may still play a subtle, yet important, role.


It is precisely this type of indirect role for basic
science knowledge that forms the basis of Schmidt�s
encapsulation theory.7 According to Schmidt, bio-
medical knowledge and clinical facts becoming
increasingly integrated as the clinician gains experi-
ence. For the medical expert, basic science concepts
become encapsulated under clinical facts in the
mental representation of a disease. With time,
clinicians can seamlessly recognise a group of clinical
facts linked by biomedical knowledge, without need-
ing to overtly describe the underlying pathophysiol-
ogy. This encapsulation of biomedical knowledge
explains why there is little mention of basic science
principles or mechanism in explicit recall or reason-
ing measures. Instead, the impact of biomedical
knowledge will be revealed only through indirect
means. Using a �priming� paradigm, a recent series of
studies by Rikers found that, unlike medical students,
practising clinicians were able to quickly identify
biomedical words and phrases related to the correct
diagnosis of a previously presented clinical case.7–9


This suggests that as the clinician worked through the
clinical case, both clinical and biomedical knowledge
were activated, enabling quick identification of
biomedical target words shortly afterward. Critically,
this occurred regardless of the doctor�s explicit
awareness.


It is important to note that, considered in isolation,
encapsulation theory tells us that expert mental
representation of any disease can include biomedical
knowledge embedded in clinical knowledge. Encap-
sulation theory does not explain whether encapsu-
lated biomedical knowledge is a causal factor in
expert performance or simply the by-product of years
of clinical experience. Just because biomedical
knowledge can be encapsulated under clinical
knowledge does not mean it must be in order for
expert clinical performance to be attained. Perhaps


clinical expertise


Overview


What is already known on this subject


There are conflicting views on the role of
biomedical knowledge. It may play a limited
role in clinical reasoning or be embedded into
the knowledge structure of the expert
clinician and activated during diagnosis.


What this study adds


This paper presents an indirect role for
biomedical knowledge in diagnosis by novices.
It outlines the value of biomedical knowledge
in memory and diagnosis under challenging
conditions.


Suggestions for further research


Future research examining these effects in the
classroom and other aspects of clinical
reasoning is needed.
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clinicians would perform equally well without these
types of knowledge structure.


This is a critical question for clinical teachers. It has
been assumed since Flexner that basic science
education is a critical part of medical training. Yet
there is little basis for this assumption. Perhaps the
instructional and mental resources devoted to the
basic sciences could be better spent by having
students gain additional clinical exposure or learn
alternate reasoning strategies. For example, there
have been several demonstrations that diagnostic
accuracy can be improved by helping students
consider the alternatives and think about the
features of disease in terms of statistical probabili-
ties.10–12 In fact, students who learn using quantita-
tive aids have been found to show greater accuracy
than those who learn the same material with the
benefit of verbal descriptors.13 This would seem to
suggest that mathematical probabilities may in fact
be a valuable learning tool for the novice
diagnostician.


However, recent research has tested the learning
efficacy of a type of quantitative aid against that
of a biomedical description.14 Although the 2
learning methods led to equal levels of success
immediately after learning, the basic science
framework led to greater diagnostic accuracy after a
1-week delay. This suggests that the novice
diagnostician can benefit from understanding
biomedical knowledge even without a wealth of
additional case-based knowledge and that
biomedical knowledge can be the basis of a useful
learning tool for even rank novices, although the
added value may not manifest until it is used long
after the original learning.


One possible explanation for this finding comes from
cognitive psychology and research into categorisa-
tion. In order to categorise something, we must have
intimate knowledge of the features of the category as
well as some theory regarding the relationship
between those features.15 Critically, the features of
any category are rarely random. Instead, they go
together for a reason – perhaps an underlying
biological or mechanical process. In medicine, each
diagnostic category includes a set of key clinical
features. For the participants in this study, the basic
science text explained the relationship between those
features, allowing the students to understand that
features of each disease go together for a reason.
Once the diagnostic category becomes more than a
random assortment of signs and symptoms, students
can develop a more coherent mental representation


that is easier to retain in the longer term. Hence
the biomedical knowledge served as a mnemonic
device for learners.


Additional research suggests that training students
with the underlying mechanisms does more than just
help them remember the material. In another study,
undergraduate psychology students were asked to
learn a series of artificial diseases.16 For 1 group of
participants, the learning materials included the
clinical features as well as simple explanations for
how the features were connected. The other group
learned the clinical features without the explana-
tions. In a later speeded decision-making task,
participants were asked to diagnose a set of cases as
quickly as possible. They were then asked to diagnose
another set of cases, taking as much time as they
needed. The results showed that although students
who only learned the features showed a typical,
standard speed)accuracy trade-off (they were more
error prone on the speeded version of the diagnostic
task), students who learned the causal mechanisms
did not. In fact, the students trained with causal
mechanisms were more accurate when asked to move
quickly than when told to take their time. This
counter-intuitive pattern of performance is similar to
a pattern demonstrated in experts performing a well
learned skill.17 This suggests that the causal mecha-
nisms allowed the novices in this study to function
more like experts. In another study, participants
trained with either isolated features or features with
causal explanations were presented with difficult
cases that included novel terminology. Despite hav-
ing the same amount of practice, students with
knowledge of underlying mechanisms were better
able to make the translation from their learning
material to the novel terminology and arrive at the
correct response, compared with those who had only
studied the clinical features.18 Like the experts in the
encapsulation studies, students with the causal
knowledge structure were also able to quickly recog-
nise �encapsulated� terms presented after studying a
related clinical case.19 Although causal knowledge
was not explicitly required to complete the tasks
assigned in any of these studies, learners were able
to use their additional understanding to their
advantage.


Taken together, these findings suggest that under-
standing the underlying mechanism of disease can
create valuable coherence among the clinical fea-
tures. Immediately after learning, or with very simple
cases, students can use their knowledge of clinical
features to arrive at the correct diagnosis. However,
such a strategy will become less effective as memory
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decays over time or cases increase in difficulty. As a
result, students trained using just clinical features
have difficulty diagnosing cases after a time delay or
when presented with novel terminology. Providing
students with the appropriate theoretical knowledge
gives them the means to create a coherent picture of
a case when the clinical features become disorgan-
ised. This ability to rely on what makes sense rather
than a step-by-step analysis of clinical information
also seems to move a novice further along the road to
expertise.


In order to translate the findings of these laboratory
studies into effective educational practice, we must
first answer a question that could have begun this
entire discussion: what is basic science? The term
�basic science� probably evokes many responses in
different people. It may be that a single answer to this
question is not possible or even desirable. Clearly,
there are many different types of information that
can be used to link and explain clinical features. In
psychiatry, for example, a complete biological
description of a disease may simply not be possible.
However, under some circumstances, the nature of
the links, the depth of the scientific explanation and
even the accuracy of the information seems to have
little impact on the value of biomedical knowledge in
helping novices retain and use clinical information to
diagnose a case. Studies using artificial materials,
simple causal chains and incomplete explanations
suggest that what matters most is that that the links
provided are clear, plausible and stable. A study using
undergraduate medical students, for example, dem-
onstrated that providing simple biochemical and
pathophysiological explanations for clinical findings
was sufficient to provide a stable performance in
diagnosis of neurological and rheumatologic dis-
eases.20 The basic science explanations did not help
students understand the science in great depth, but
they did give them some understanding of why a
particular sign or symptom occurred in a specific
disease. It is this type of simple relational knowledge
that seems to enhance memory, to improve the ability
to diagnose challenging cases and, potentially, to
act as a precursor to the encapsulated representation
that is considered a hallmark of expertise.


Given these findings, perhaps the most important
aspect of the issue at hand concerns how we make
sure that students do in fact learn the links and
mechanisms that will be of greatest value. The
structure of the traditional medical curriculum in
which basic sciences courses are taught first, and are
followed by clinical training, may simply not be
conducive to this type of learning. Unlike the


laboratory studies in which participants learned the
biomedical and clinical information in an integrated
package, the traditional 2-stage model of undergrad-
uate education requires that students first learn the
basic science and then spontaneously recognise its
relationship to the clinical information they learn
2 years later. However, it has been demonstrated that
this type of accurate transfer of biomedical concepts
to clinical problems is unlikely to occur, even when
the biomedical information is provided only minutes
prior to the clinical information.21 If experienced
clinicians do not explicitly and overtly express basic
science concepts in their work-up of clinical cases, it
seems highly unlikely that clinical clerks or even
junior residents will be able to spontaneously see the
connections and apply their knowledge correctly.
Thus, medical training must be structured so that the
relationship between biomedical concepts and clin-
ical facts is made explicit, concise and clear. To this
end, a key goal throughout the early stages of medical
training should be to integrate clinical information
and the supporting biomedical concepts into a
coherent package.


Although the studies presented focused on text-based
cases in a few medical domains, clinical teachers from
many disciplines may be able to use these findings
as a simple model for effective educational practice.
The success of laboratory studies using very simple
materials suggests that causal connections and
explanatory links infused into clinical instruction can
enhance student learning even when the basic
science concepts are not covered in great detail.
Rather than requiring elaborate explanations, it
seems that students can benefit from a basic under-
standing of the links between clinical features and
the pathways that lead to specific presentations. This
could potentially be accomplished by clinical teach-
ers choosing to infuse basic science concepts into
traditional lectures or by having basic scientists and
clinicians work together to create clinical curricula.


Further study is needed in order to determine how
to best achieve this balance without the careful
controls of laboratory studies. In the classroom and
on the ward, it is likely to be very difficult to ensure
that students pay attention to the biomedical
knowledge that will support their success. With
further research we will probably find that an
understanding of biomedical knowledge can drasti-
cally change the way a student perceives and
interprets clinical data. This may even occur in
visual domains, such as dermatology or radiology.
The correct application of these findings to the
curriculum will also require addressing the role of


clinical expertise1176
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biomedical knowledge outside of diagnosis. Thus
far, we have focused on the impact of basic science
during the processing of a clinical case. However,
it is likely that biomedical knowledge impacts on
other decisions regarding the treatment and
management of a case.
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Perspective: Deconstructing Integration:  
A Framework for the Rational Application of 
Integration as a Guiding Curricular Strategy
Ellen Goldman, EdD, and W. Scott Schroth, MD, MPH


In response to historical criticism, evolving 
accreditation standards, and recent reports 
on curricula, medical educators and 
medical schools have been eagerly pursuing 
integration as a goal of curricular reform. 
The general education literature broadly 
considers integration to be the deliberate 
unification of separate areas of knowledge, 
and it provides support for the concept 
that integration better meets the needs of 
adult learners in professional education. 


The use of integration as a curricular goal 
is not without its critics, however, nor is it 
free of difficulties in implementation. In this 
perspective, the authors propose that most 
of these difficulties arise from a failure to 
recognize that integration is a strategy for 
curricular development rather than a goal 
in itself, and they argue that adopting a 
systematic approach to integration offers 
many potential benefits. They articulate the 
conceptual and practical issues that they 


believe are critical to consider in order to 
achieve successful curricular integration, 
and they suggest that integration should 
be approached as a subset of broader 
curriculum development decisions. 
They propose a three-level framework 
for applying integration as a guiding 
curricular strategy, in which decisions about 
integration must follow curricular decisions 
made at the program level, the course level, 
and then the individual session level.


Abstract


integration as a central characteristic of 
their curriculum and of their plans for 
ongoing curricular reform.4


The rationale for curricular integration 
is well documented in the learning 
literature: Experience applying knowledge 
motivates its comprehension, helps 
codify it, and serves as the basis for 
the development of new knowledge.5–8 
Further, the types of reasoning in which 
physicians must be able to engage—
analytical, heuristic, and creative9—
require a progression of activity that 
includes comprehension (of knowledge), 
application (experience), and synthesis 
(further knowledge development).10,11


The examples of teaching strategies 
that promote integration offered in the 
Carnegie Foundation report include 
early clinical immersion, problem-based 
learning, team-based learning, blended 
learning, simulations, and standardized 
patients.2 Other discussions in the recent 
medical education literature regarding 
integration include reorganizing the 
curriculum into cross-cutting themes,12 
integrating clinical experiences into 
basic science teaching,13–15 extending the 
teaching of the basic sciences throughout 
the curriculum,16 and maximizing the use 
of small-group teaching.17


Integration in education is most broadly 
defined as “any intentional uniting or 
meshing of discrete elements or features.”18 


The literature, then, discusses integration 
as an operational concept, where separate 
areas of knowledge are deliberately unified, 
but leaves education administrators and 
faculty without an organizing framework 
for approaching integration. This 
definition and the examples above make it 
clear that there are aspects of integration 
that apply at the program level (e.g., 
curricular themes), the course level (e.g., 
course design that combines knowledge 
acquisition and experience), and the 
individual course-session level (e.g., 
using various teaching methods such as 
problem-based learning and formats such 
as small-group teaching).


Although the concept of curricular 
integration has been lauded, the literature 
also contains criticism of the practices 
associated with its implementation.9,18,19 
We contend that these criticisms 
most often arise from a failure to 
understand that integration is a strategy 
of curriculum development and not a 
goal in itself. The basis for using this 
strategy—that is, the goal that it is 
designed to achieve—should be clear, 
and the application of the strategy at 
all three levels—program, course, and 
session—should be carefully executed. 
The literature does not, however, provide 
a framework or practical guidance for 
implementing integration in a medical 
education curriculum. In this perspective, 
we articulate the conceptual and practical 
issues that we believe are critical to 


Calls for integration across the medical 
curriculum have been voiced for more 
than 25 years.1 Among the most recent 
of these calls is the Carnegie Foundation 
report Educating Physicians: A Call for 
Reform of Medical School and Residency,2 
whose recommendations include 
“strengthening connections between 
formal and experiential knowledge across 
the continuum of medical education, 
specifically by incorporating more 
clinical experiences earlier in medical 
school and providing more opportunities 
for knowledge building later in medical 
school and throughout residency.”3 In 
Academic Medicine’s 2010 compendium 
of medical education reports from 
U.S. and Canadian medical schools, 
82% of reporting schools mentioned 
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consider in order to achieve successful 
curricular integration. We begin with 
a brief overview of the challenges of 
integration and then propose a three-
level framework for applying integration 
as a guiding curricular strategy.


General Challenges of Curricular 
Integration


There is a long history of curricular 
integration activity throughout all types 
of education.18 However, as described 
above, criticism has been leveled at the 
use of curricular integration in a variety 
of domains. Proposals for curricular 
integration (outside medical education) 
have been described as “treating 
undernourished persons by promoting 
gluttony”18—in other words, there is an 
assumption that more integration, in 
any form, is an improvement. Absent 
a proper diagnosis of the underlying 
curricular problems, it would be easy to 
deliver curriculum reform “overkill.”


Medical educators, in criticizing past 
curricular reform efforts such as shifts 
to learner-centered approaches, have 
noted that “often no clear distinction is 
made between the aims and objectives 
of educational provision and the 
strategies adopted for their achievement; 


educational concepts may become 
ends in themselves, and the overall aim 
becomes lost.”19 Moreover, new methods 
of education (e.g., problem-based 
learning) have been described as being 
applied without a full understanding of 
the concepts they are based on or what 
is achieved in practice.19 With respect 
to integration, it has been noted that 
there is no one way to integrate: Each 
medical school needs to select methods 
appropriate for its own goals, structure, 
and constraints.9


Thus, there is a risk that medical 
education integration activities may be 
advocated blindly and implemented 
at the level of delivery (classroom or 
clinic) without a clear understanding 
of what overall purpose is desired. In 
addition, in the absence of a systematic 
framework for the conceptualization of 
integration, incorporating integration 
in reform efforts may not further the 
medical school’s unique goals. As a result, 
integration activity may fall short of its 
potential.


An Organizing Framework for 
Curricular Integration


To maximize the benefits of integration, 
integration activities should be aligned at 


the program, course, and session levels. 
To develop a framework for achieving this 
alignment, we gleaned guidelines from 
the learning literature, specifically in the 
domains of adult education, curriculum 
design, and organizational learning and 
change, and analyzed descriptions of 
integration experiences in the medical 
education literature.


Figure 1 illustrates our proposed 
framework for aligning and enhancing 
the value of medical education 
integration activities. It provides an 
overview of the decisions required first 
at the program level, then at the course 
level, and finally at the session level. At 
each level, curriculum design decisions 
precede decisions related to integration. 
This is presented as a linear process; 
in practice, there may be iterations 
of decision making within each level. 
However, proceeding to the next level 
without resolving the decisions to 
be made at the prior level would not 
reflect solid curriculum design and 
management.


Program-level decisions


Program-level curriculum development 
decisions begin with considering 
the medical school’s mission20: the 
purpose of medical education at the 


Figure 1 Organizing framework for curriculum development and required integration decisions at the program, course, and session levels  
of  curricular design.
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particular institution. This informs 
the program goals, which in turn lead 
to the establishment of measurable 
objectives for determining how well 
the goals are being met. The program 
goals will inform specific educational 
requirements, such as mandatory 
service, interdisciplinary education, or 
particular clinical skills or experiences 
deemed important by the institution. 
Additionally, program goals provide the 
rationale for program-level integration, 
making integration a strategy to 
achieve the goals. For example, if one 
program goal is to foster excellence 
in clinical teamwork, the purpose of 
curricular integration would relate to 
uniting medical, nursing, and health 
science professionals in learning and 
practice environments. Alternatively, 
if a major focus of the program is to 
develop capabilities in community-
based practice, the purpose of curricular 
integration would relate to developing 
longitudinal competencies in population 
health, community assessment, and the 
causes of and remedies for health care 
disparities. In each example, the specifics 
of integration will be different; in both 
examples, integration is a strategy for 
achieving program goals.


Once the program-level curriculum 
decisions are clear, and curricular 
integration is selected as a strategy for 
achieving some of the program goals, 
a number of program-level integration 
decisions need to be made. Table 1 
provides a synopsis of five crucial 
considerations and decisions, with 
associated examples.1,9,18


As noted above, integration activities 
should be driven by a clear statement 
of purpose. The answer to the question 
“What is the integration trying to 
achieve?” (What is the purpose of 
integration?) should relate to the medical 
school’s program objectives and unique 
characteristics. This answer will, in turn, 
inform the selection of elements of 
integration (what should be integrated) 
and their boundaries and locations (when 
in the curriculum integration should 
occur and in what environments).


Once there is a picture of the depth 
and breadth of the integration required 
to achieve the stated purpose(s), the 
underlying organizing principle(s) can 
be addressed: For example, would it 
be best to organize the curriculum by 


organ systems or some other principle? 
How much grounding in the basic 
sciences would the students whom the 
school attracts need before they could 
obtain significant value from clinical 
immersion? Taken together, the decisions 
made regarding the five program-level 
integration considerations should form 
a rational foundation on which to build 
the curriculum structure at the course (or 
clerkship) level.


Course-level decisions


Curriculum development decisions to be 
made at the course level relate to course 
objectives, content, and sequencing, as 
well as form of assessment (Figure 1).20 
Course objectives can be determined by 
considering the role of the course in the 
program and the needs of the students, 
the field (e.g., specialty competencies, 
examination requirements), and other 
stakeholders. This activity is referred to in 
instructional design theory as “analysis.” 
Much of the information needed to 
complete the analysis will result from 
the program-level integration decisions; 
information about the student body (e.g., 
undergraduate majors, past experiences) 
is also needed. Further analysis may be 
necessary to assess students’ starting 
knowledge and skills for the specific 
course.


Once the course objectives have been 
identified, the content can be specified 
and its order of presentation  
determined. The course objectives  
should also be aligned with assignments 
or other means of assessing the extent 
to which students have achieved them 
(e.g., tests, observations). Together, these 
course-level curriculum decisions are 
referred to in instructional design theory 
as “design.”


The design decisions frame the 
course and determine the nature of 
integration required at the course 
level. As noted in Figure 1, course-
level integration decisions include the 
types of integration needed and the 
associated implications for faculty, 
resources, and scheduling. A useful 
way of determining the nature of 
integration required is to locate the 
course along the continuum depicted 
in Harden’s1 “integration ladder” 
(summarized in Table 2). Harden’s 
continuum identifies integration options 
for course delivery, beginning with no 
integration whatsoever (“isolation”) and 
ending with completely fused design 
(“transdisciplinary”). The question 
facing course directors is, “What type 
of integration is needed to achieve the 
course objectives?”


Table 1
A Systematic Approach to Using Integration as a Curricular Strategy at the Level of 
an Institution’s Educational Program


Considerations
(framing 
question) Decisions required Examples


Purpose(s)


(Why?)


What is the integration trying to 
achieve?


•  Help students deal with complex 
problems


•  Enhance functional competency


•  Foster higher-order thinking


Forms


(What?)


Which elements are to be  
integrated?


•  Content knowledge


•  Skill development


Dimensions


(When?)


What are the boundaries of the 
integration activity?


•  Horizontal integration (semester  
or year)


•  Vertical integration (multiple years)


•  Both horizontal and vertical


•  Interprofessional


Environments


(Where?)


In what teaching environments  
should integration take place?


•  Classroom


•  Simulation center


•  Clinic/bedside


Coherence


(How?)


What underlying principle or  
principles unify the integration  
activity and provide it with  
integrity?


•  Organ systems


•  Stages of human development


•  Disease or symptom


•  Competencies
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Consider the general recommendation 
in the Carnegie Foundation report to 
“incorporat[e] more clinical experiences 
earlier in medical school.”3 This objective 
can be achieved in many ways at different 
points along the continuum (Table 2). 
For example, a basic science course like 
Gross Anatomy could “nest” clinical 
demonstrations or live patient encounters 
in the course. Alternatively, the course 
could cease to exist in stand-alone form; 
instead, the material could be taught in a 
“multidisciplinary,” case-based manner 
across courses on different body systems 
or in conjunction with early clinical 
experiences in a “doctoring” course. These 
two examples illustrate how course-level 


analysis will affect course-level integration 
decisions. If the analysis determines that 
a large number of the medical school’s 
students do not have adequate preparation 
in the principles of anatomy, then 
“nesting” or “complementary” integration 
would make sense. Previous program-level 
integration decisions are also influential: 
If it has been decided that the curriculum 
should be organized by organ systems 
(as the underlying principle of curricular 
integration), and analysis indicates that 
students have adequate preparation 
in the principles of anatomy, then a 
multidisciplinary integration approach 
may be appropriate.


Meeting the general objective of 
the Carnegie Foundation report to 
“provid[e] more opportunities for 
knowledge building later in medical 
school”3 may also be achieved in many 
ways. For example, sessions with Gross 
Anatomy faculty could be “nested” 
into clerkships to help students apply 
knowledge. If the aim is to develop 
students’ higher-level thinking, such 
as synthesizing information to identify 
surgical interventions, a multidisciplinary 
approach may be appropriate.


The level of course integration targeted, 
particularly if it is one of the higher 
levels on the continuum, may have 
important collateral implications for 
course delivery.18 First, as courses move 
to increasing levels of integration, 
more faculty time is required both for 
centralized course design and overall 
curriculum planning. Second, not all 
faculty may be comfortable with team 
teaching or teaching in fused courses 
outside their traditional areas of expertise. 
These issues may increase the costs of 
education related to the recruitment and 
development of faculty who must take on 
new roles. In addition, failing to determine 
program-level strategies first may lead to 
the adoption of an inappropriate course-
level strategy with substantial implications 
for faculty effort and curricular coherence. 
Further, uncoordinated integration 
strategies at the course level may lead 
to more integration than is necessary to 
achieve program goals. As the examples 
above demonstrate, first making the 
curriculum development decisions and 
then the integration decisions at each 
level may help avoid the “more is better” 
phenomenon.


We noted earlier that these steps may 
not always be linear. Particularly at the 
course level, there may be interplay of 
the decision making; that is, discussing 
the appropriate placement of the course 
on the integration continuum may 
result in changes to the content and 
sequencing decisions. Such discussions 
should not, however, change decisions 
that have been made at the program 
level: That would allow courses to 
drive the program and indicate a lack 
of effective curricular oversight. This 
emphasizes the importance of devoting 
ample deliberation and discussion time 
with faculty to ensure that they clearly 
understand the program-level curriculum 


Table 2
A Systematic Approach to Using Integration as a Curricular Strategy at the Level of 
a Specific Course or Clerkship: The Continuum of Integration Within a Course*


Continuum
(level) Definition Examples†


Isolation 
(no integration)


Independent teaching by subject 
matter experts


Gross anatomy, physiology, 
immunology, surgery


Awareness 
(cooperating)


Same as Isolation, but faculty  
have knowledge of the content 
taught by others


Faculty share lecture notes/
handouts, commonly through a 
central curriculum database


Harmonization 
(consulting)


Same as Isolation, but faculty 
consult with each other to avoid 
overlap


Faculty have informal discussions; 
curriculum planning meetings


Nesting 
(importing)


Content/skills are infused into 
existing subject-based course,  
such as including “clinical 
correlations”


Pathology course including aspects 
of clinical medicine to demonstrate 
pathology principles; pharmacology 
review in a clerkship


Temporal coordination 
(aligning)


Timing of related subjects aligned 
across independent courses


Physiology teaches the function 
of the heart at the same time that 
anatomy teaches the structure of 
the heart


Sharing 
(coteaching)


Complementary disciplines jointly 
plan and deliver content


Neurobiology and psychopathology 
deliver a behavioral medicine course


Correlation 
(linking)


An area of common interest to 
multiple subject-based courses is 
introduced


The gastrointestinal system is 
looked at from the perspectives of 
multiple content areas


Complementary 
(coordinated mixing)


Integrated courses that are  
offered side by side with subject-
based courses with temporal 
coordination


“Doctoring” course sections are 
scheduled to coincide with basic 
science teaching


Multidisciplinary 
(mixing perspectives)


A number of subject areas in a 
single theme, problem, or  
issues-based course


Patient management is taught 
from the standpoints of pain relief, 
family relationships, economics, and 
multiculturalism


Interdisciplinary 
(multiple combined 
perspectives)


Two or more disciplines are 
combined such that no individual 
subject area is identifiable


A new course in evidence-based 
medicine


Transdisciplinary 
(fused learning;  
complete integration)


The focus is on the field as a  
whole using real problems to 
structure opportunities for  
student-initiated integration


Integrated clerkships with individual 
pacing; individualized self-learning


* Levels in the continuum are adapted, with permission of the author, from Harden RM. The integration ladder:  
A tool for curriculum planning and evaluation. Med Educ. 2000;34:551–557.


† Examples are drawn from a variety of medical schools.
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development and integration decisions 
driving course-level decisions.


Session-level decisions


Session-level course development 
decisions relate to objectives, content, 
sequencing, and strategies (teaching 
methods, formats, and materials) 
(Figure 1).20 These aspects are referred 
to in instructional design theory as 
“development.” Faculty have almost 
endless options in this stage of course 
development. For example, potential 
teaching methods include lecture, case 
discussion, role-play, and simulation, 
or some combination thereof. Teaching 
formats may be large-group, small-group, 
individual, or dyadic. Possible materials 
include text, film, video, or other media. 
Selecting the “right” teaching strategies 
should be based on the session’s 
objectives. The question that faculty must 
answer is, “What do we want the students 
to know or be able to do at the conclusion 
of the session?”21,22


The Carnegie Foundation report 
recommends “strengthening connections 
between formal and experiential 
knowledge across the continuum of 
medical education.”3 From a learning 
standpoint, although faculty can “set 
the table” for integration, the learner 
ultimately needs to integrate his or her 
own knowledge and experience. Benor9 
described the difference:


There is a fundamental difference between 
a curriculum in which many disciplines 
are represented simultaneously, 
reflecting many interconnections among 
them but not requiring the student to 
achieve any transfer, and a curriculum 
in which the student is required to 
generalize, to identify commonalities 
and to draw conclusions applicable to 
other disciplines…. The former type of 
curriculum demonstrates integration on 
the part of the planner, at the macro-
level; the latter, on the learner’s at the 
micro-level.


The individual’s learner’s cognitive 
processing dimensions related to 
integration occur at the final two levels 
of Bloom’s taxonomy of objectives: 
“synthesis” and “evaluation.”10,11 
Teaching methods that target these 
two levels include the use of problems, 
cases, simulations, projects, exercises, 
and critiques. (In contrast, lower-level 
objectives can be achieved through 
lectures, videos, examples, role-play, 
and demonstrations.) As faculty 
design individual sessions and adopt 


instructional methods, they should 
systematically link session objectives to 
activities that promote integration of 
learning.


In Table 3, we provide an outline of 
session activities that are designed from 
an adult learning standpoint to help 
the learner integrate material.5–8,17,20–22 
Examples of teaching strategies 
consistent with learners’ achieving the 
cognitive level of synthesis are provided 
as part of the “engagement” component. 
(Given the plethora of teaching strategy 
options, we primarily listed methods 
in Table 3 and provided a few examples 
of formats and materials.) Consistency 
of strategies across the other aspects of 
engagement, and with the “preparation,” 
“linking,” and “transfer” components, 
promotes learner integration of the 
material.


Students’ ability to integrate knowledge 
and experience requires that they be 
familiar with relevant vocabulary and 
terminology and have some level of 
knowledge of the content.9 This is 
consistent with where “synthesis”  
occurs on the taxonomy of objectives.10,11 
Session synthesis is also fueled by  
shared engagement and reflection.6,7,21,22 
Students may require additional 
training and practice to develop these 


skills, however, and faculty can employ 
numerous techniques to help them do 
so.21,22 In our own experience, we have 
found that shared engagement activities 
(i.e., small-group work) are effective 
when we explain to students why groups 
are being used, provide a structured 
approach with clear questions to be 
answered, assign roles for all group 
members (including someone to keep 
time and someone to report out), and 
make strategic use of the work completed 
(e.g., limited repetition when reporting 
out, faculty summarization of critical 
points). We have found that students’ 
reflective abilities increase when we pose 
specific questions either before or after 
class sessions, to which students must 
respond with a written reflection posted 
on the course Web site. Faculty provide 
graded feedback on these posts along 
with comments to foster additional 
reflection.


Recommendations and 
Conclusions


Calls for integration across the medical 
curriculum present many challenges 
to faculty and students alike. To apply 
integration as a guiding strategy for 
curricular design, clear integration 
decisions are required at the program, 
course, and session levels and should 


Table 3
A Systematic Approach to Using Integration as a Strategy for an Individual  
Learning Session Within a Course or Clerkship


Session 
component Purpose Examples


Preparation •  Give the learner needed  
background information


•  Set expectations for what is to  
come


•  Assign readings, questions, or 
problems in advance


•  Describe clearly how session will run


Linking •  Stimulate the brain: Connect to 
what the learner already knows  
and/or has experienced


•  Reference/recall specifics from prior 
session and/or other coursework


•  Query about recent experiences


Engagement •  Excite: Hook the learner by  
showing the relevance


•  Present material and learning 
guidance


•  Engage: Have the learner use the 
material to integrate it with prior 
knowledge and experience


•  Foster awareness: Help the learner 
realize what he or she has gained


•  Use alarming statistics, a story of a 
patient, etc., as a hook


•  Present a case, problem, project, etc., 
and the thought/action desired


•  Assign individuals, pairs, or small 
groups to solve a problem, develop a 
plan, formulate a response, etc.


•  Provide opportunity for reflection and 
discussion; feedback


Transfer •  Enhance retention of new  
learning


•  Provide cues and strategies for future 
retrieval


•  Describe next session
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follow the curriculum development 
decisions previously made at each 
of these levels. Making decisions 
in this order will help ensure that a 
coherent rationale for integration is 
carried forward into course design and 
sequencing and into the selection of 
optimal pedagogical strategies for each 
session.


Clearly, implementing integration as 
a curriculum development strategy 
requires considerable effort on the 
part of both faculty and students and, 
frequently, additional resources. Faculty 
and students may experience initial 
discomfort when new approaches to 
teaching and learning are introduced. 
Faculty may not be prepared to teach 
using collaborative formats or more 
active learning methods. Redesigning 
courses requires considerable time 
and energy; it is far easier to deliver a 
lecture than it is to conceptualize and 
codevelop experiential learning activities. 
Students for whom active learning is a 
new experience may resent learning on 
their own and in groups with others, 
perceiving that they have “paid” for 
learned faculty to impart knowledge 
to them. This may require additional 
material to be developed regarding the 
methods and value of self-directed and 
group learning. Further, facilities, such 
as classrooms and laboratories, may need 
to be redesigned to better accommodate 
group work. Additional administrative 
personnel may be needed to help change 
scheduling, locate appropriate facilities, 
and modify evaluation mechanisms.


At the same time, adopting a systematic 
approach to integration offers many 
potential benefits. Faculty may enter 
into new collaborations that lead to 
research and publishing opportunities. 
These collaborations may enhance 
their professional development as team 
teachers and offer new opportunities for 
course leadership. They may also discover 
they enjoy teaching more. Students, 
particularly those of the multitasking 
millennial generation, are likely to enjoy 
class sessions more and, by becoming 


more self-directed in their learning, gain 
a skill that will serve them well for the rest 
of their careers. Ultimately, patients and 
communities will benefit from physicians 
who graduate from medical school with 
more highly developed analytic, heuristic, 
and creative thinking skills—skills that 
faculty helped them develop through the 
use of instructional design adopted and 
implemented as part of a comprehensive 
approach to curricular reform that used 
integration as a strategy.
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RIME


Integrating the knowledge necessary for 
the practice of medicine is an enduring 
challenge for medical education.1 In 
particular, incorporating the teaching 
of basic sciences with clinical skills 
training has been a concern since the 
Flexner Report (1910) characterized 
basic science training as a crucial 
component of medical education.2 
Following Flexner’s report, most medical 
schools adopted the 2+2 curriculum 
in which the first two years of early 
foundational basic science education are 
separate from two later years of clinical 
training.3,4


Soon after the nearly ubiquitous 
adoption of this 2+2 curriculum format, 


medical educators observed that it failed 
to integrate both knowledge domains 
(basic science and clinical), leading to 
frequent calls for improved integration 
of basic science.5 As evidenced by 
the number of commentaries,6–8 
program descriptions,4 curriculum 
guidelines,9 and calls to action10–12 
published since Flexner’s report, this 
concern has not abated over time. 
Recent major education reports outline 
integration as a strategic priority for 
medical education,13,14 suggesting that 
integration is not a solved problem.


A large body of literature has outlined 
educational strategies to integrate 
basic science at multiple levels of the 
curriculum. In our critical narrative 
review of this literature, we use an 
established analysis framework15 to 
describe how medical educators have 
integrated basic and clinical science 
at the levels of programs, courses, and 
sessions. We have evaluated the methods 
and outcomes reported within the health 
professions education literature to 
discern whether or not basic science and 
clinical knowledge have been successfully 
“integrated” at each of these three levels.


Method


In late 2012, we searched databases 
(MEDLINE, Web of Science, and Google 
Scholar) for relevant literature including 
research studies, commentaries, program 
evaluations, program descriptions, and 
reviews that discussed methods for, 
examples of, and evidence supporting 
approaches to the integration of basic 
sciences and clinical science. Our primary 
analysis focused on literature published 
in the last 30 years (1982–2012) 
that articulated learning rationales, 
interventions, designs, and methods 
for achieving integration.16 We focused 
our review on literature that aimed to 
improve learning outcomes or skills. 
Although literature specific to medical 
education was our target, we included 
articles from other health professions 
when relevant, because efforts at 
integrating basic and clinical science have 
been made for other disciplines. Further, 
some basic principles of integration may 
apply to all disciplines.4,17


To focus our analysis, we included only 
literature that discussed the integration 
of biomedical sciences such as anatomy, 
physiology, pharmacology, etc. We 
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Abstract


Purpose
Integrating basic science and clinical 
concepts in the undergraduate medical 
curriculum is an important challenge 
for medical education. The health 
professions education literature includes 
a variety of educational strategies for 
integrating basic science and clinical 
concepts at multiple levels of the 
curriculum. To date, assessment of this 
literature has been limited.


Method
In this critical narrative review, the 
authors analyzed literature published 
in the last 30 years (1982–2012) using 
a previously published integration 
framework. They included studies that 


documented approaches to integration 
at the level of programs, courses, 
or teaching sessions and that aimed 
to improve learning outcomes. The 
authors evaluated these studies for 
evidence of successful integration and 
to identify factors that contribute to 
integration.


Results
Several strategies at the program and 
course level are well described but poorly 
evaluated. Multiple factors contribute 
to successful learning, so identifying 
how interventions at these levels result 
in successful integration is difficult. 
Evidence from session-level interventions 
and experimental studies suggests that 


integration can be achieved if learning 
interventions attempt to link basic and 
clinical science in a causal relationship. 
These interventions attend to how 
learners connect different domains of 
knowledge and suggest that successful 
integration requires learners to build 
cognitive associations between basic and 
clinical science.


Conclusions
One way of understanding the 
integration of basic and clinical science 
is as a cognitive activity occurring within 
learners. This perspective suggests that 
learner-centered, content-focused, and 
session-level-oriented strategies can 
achieve cognitive integration.
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defined clinical knowledge broadly to 
include knowledge of disease features, 
diagnosis, patient behavior, and health 
promotion. We included studies 
discussing a wide range of clinical skills, 
but, as with clinical knowledge, we did 
not aim to be exhaustive.


We organized our selected articles using 
the framework proposed by Goldman 
and Schroth (2012).15 This framework 
examines integration as a strategy for 
achieving curriculum goals at three 
levels: program, course, and session. We 
define program as the superstructure 
of the curriculum that organizes all the 
formal education activities. A course is a 
discrete component within the program 
focusing on specific units of knowledge, 
and a session encompasses the specific, 
day-to-day activities relevant to teaching 
a portion of a unit of knowledge. The 
framework purports to provide a 
comprehensive approach that focuses 
both on the macro level (logistical or 
organizational concerns) as well as on the 
micro level (educational concerns such 
as the cognitive aspects of learning). The 
framework anchors on previous efforts 
to systematically and empirically address 
integration.1,13,18,19


We evaluated each article at each of the 
three levels to identify the method or 
approach for integration, the support 
for the methods, and evidence for 
success of integration. Below we discuss 
the claims, the evidence, and the 
significant approaches for each level of 
the curriculum (we discuss any article 
that spoke to two or three levels of the 
framework at each level, as necessary).


Results


Integration at the program level


The program is the structure within 
which education occurs—that is, the 
formal curriculum plan.15 Two very 
common methods of planning for 
integration at this level are horizontal 
integration and vertical integration.20,21 
Horizontal integration refers to 
connecting the learning of concepts 
across different content areas, such 
as pathology and pharmacology, 
within a program of study.21 The 
focus is combining and connecting 
topics within concepts or themes and 
learning how different areas build on 
one another as the learning progresses. 


Vertical integration, on the other hand, 
is the connection between different 
disciplines or bodies of knowledge. 
Vertical integration is often a synonym 
for the integration of basic and clinical 
sciences.21,22 Using the basic science of 
cellular biology in teaching diagnosis 
of immune disorders is an example of 
vertical integration. Another type of 
program-level integration, longitudinal 
integration or the integration of the 
entire medical school curriculum, is 
gaining increasing traction, partly in 
response to the limitations of the 2+2 
approach for training medical students. 
This type of integration involves 
connecting early factual basic science 
knowledge with experiential clinical 
learning. Other areas of the curriculum 
can be longitudinally integrated as well; 
for example, one popular approach is 
integrating different specialties during 
clerkship. Program-level strategies that 
longitudinally, vertically, or horizontally 
integrate basic sciences are diverse.22–24


One innovative approach to program 
integration is to revisit basic sciences as 
students progress into clinical learning.25 
The back-to-basic-sciences clerkship 
model reintroduces basic science 
concepts when learning takes place in 
clinical situations.26,27 This approach 
aims to increase the use of basic science 
in clinical problem solving.26 Proponents 
argue that reintroducing basic sciences 
when students have acquired some 
clinical knowledge will enable them 
to see the applicability of basic science 
information.28 However, there is reason to 
doubt that this strategy will be universally 
successful. First, transfer of knowledge 
from one context to another is almost 
ubiquitously poor.29–31 Second, students 
in later stages of training are forming 
advanced schemas for clinical reasoning32 
and may not appreciate the relevance of 
basic science; it may prove more useful 
to implement experiential learning in 
the context of basic science earlier in 
training.33 Further, given the extensive 
demands of clinical learning, students 
may perceive the review of basic science 
as additional cognitive load.34


A similar approach uses the basic 
sciences to guide the learning of different 
clinical concepts.35 For example, clinical 
educators may use nutrition science 
to teach pathologies that affect diet 
and absorption.36 Disruption to the 
nutritional needs of the patient is 


framed as a factor that explains a host of 
clinical problems including diseases of 
lifestyle, socioeconomic causes of poor 
health, and the changes in health that 
can lead to different nutritional needs. 
Students report that basic sciences are 
more relevant when taught through this 
approach.16


Another common approach to 
integration is to provide either more basic 
science throughout the curriculum37–40 
and/or to increase the proximity between 
basic science teaching and clinical 
teaching. The latter is often the default 
strategy that, like revisiting the basic 
sciences (described above), relies on the 
spontaneous transfer of knowledge by 
the learners by virtue of repetition.41 
Often coupled with proximity is the 
redeployment of teaching personnel. 
Several studies42,43 have outlined attempts 
to employ clinical faculty to teach 
concepts early in the curriculum and/or 
efforts to invite basic scientists to teach 
or present in clinical settings. Although 
some of these efforts have shown some 
knowledge gain in clinical conceptual 
knowledge,43 most of the work has 
focused on describing how integration is 
accomplished or what the perceptions of 
students are.42 Other research has noted 
that the best practices in redeploying 
teaching personnel are unclear.44


A recurrent program-level strategy is to 
adopt a traditional or hybrid problem-
based learning (PBL) curriculum. 
Several studies describe PBL as a means 
of integrating basic science and clinical 
teaching.45–50 At first glance, PBL may be 
an intuitive platform for integration.51,52 
Learners extract knowledge from 
real-world problems, allowing a 
contextualized demonstration of how 
basic sciences and clinical presentations 
relate to one another. PBL-based 
curricula are, however, delivered in a 
variety of different ways53 with variations 
in content, setting, and tutors54—all 
of which affect learning outcomes. 
Although students trained through 
PBL do not necessarily gain less basic 
science knowledge,48 systematic reviews 
of knowledge outcomes in PBL curricula 
suggest that the results are equivalent to 
traditional curricula.55,56


The methods that integrate basic science 
in PBL can be equally applied to lecture 
or hybrid curricula. For example, an 
observational57 study of Dutch medical 







RIME


Academic Medicine, Vol. 88, No. 10 / October 20131580


schools compared students at different 
training levels who experienced a 
traditional, PBL, or teacher-driven 
integrated curriculum. The authors 
described the teacher-led integrated 
curriculum as integrating basic and 
clinical science by centering teaching 
of both domains around specific organ 
systems. Although the curriculum 
had some small-group learning, it 
generally consisted of lectures and 
other traditional learning activities. 
The study’s investigators examined the 
students’ ability to accurately diagnose 
a series of detailed clinical presentations 
described in text-based vignettes. 
They found that the students in the 
integrated curriculum outperformed the 
PBL-trained and traditionally trained 
students during early training (years 
2–3) and, in later training (years 5–6), 
were still superior to the traditionally 
trained students and equivalent to 
PBL-trained students.57 These findings 
provide some evidence for the value of 
such integrated teaching programs and 
hint that integration is not specifically 
tied to the delivery method of the 
program (i.e., PBL) but, rather, to the 
content. Another similar curriculum 
evaluation also suggests that content and 
assessment, not delivery, are the deciding 
factors for integration.58 Regrettably, 
the specific activities of integration 
that benefit the development of clinical 
reasoning in students are not clear from 
these large studies, and confounding 
factors such as differences in ability and 
prior experience cannot be ruled out.


Overall, this confounding is a limitation 
of evaluating any program-level 
strategies: learning outcomes are 
influenced by a number of factors, 
making it difficult to assess the reasons 
for differences between programs.59,60 
Furthermore, the literature incompletely 
describes the specific steps taken 
to integrate basic sciences, and 
evaluation attempts often measure 
learner satisfaction or attitudes rather 
than actual learning or changes in 
practice.35–37,42–47 Program-level research 
can rarely evaluate knowledge or 
skills in a comparative fashion and 
with appropriate controls. When such 
evaluations do occur, they often measure 
factual basic science knowledge,26–28 and 
their findings offer little insight into a 
learner’s capacity to apply basic science 
concepts to clinical reasoning.61


Integration at the course level


There are several methods and levels at 
which course-level integration can be 
achieved.1 We focus on two common 
methods: contextualization of basic 
science concept teaching62,63 and shared 
teaching.64


Contextualization is demonstrating the 
applicability of a basic science principle 
or concept in a clinical situation (e.g., 
Laplace’s law describes fluid flow in 
the lungs). Contextualized teaching 
can be accomplished in multiple ways, 
including presenting examples of basic 
science concepts during clinical lectures 
or PBL cases, as well as simulated cases 
demonstrating how basic science is 
applied.38,41,65,66 One such approach 
to contextualization, case-based 
teaching,66–70 involves teaching basic 
science and clinical concepts in the 
context of patient management, which 
provides a more practical, applied setting 
for knowledge.40,65


Other attempts at using contextualization 
to integrate basic and clinical sciences at 
the course level71–73 have involved, first, 
integrating the teaching of anatomy 
and physiology by demonstrating the 
relationship between structure and 
function. This integrated understanding 
of human biology is then used as a 
platform for scaffolding practical 
clinical experiences early on in 
clinical training.73–76 Some programs 
have described using dissection,77,78 
simulation,63,79–82 and other experiences 
within the anatomy practicum to further 
contextualize basic science knowledge.83,84


Arguably, learning principles support 
contextualizing basic science information 
as doing so provides a concrete exemplar 
of the basic science concept.52 The 
concept is not an abstraction but, rather, 
demonstrably applicable to clinical 
knowledge. In addition, the clinical 
application is more relevant for the 
learners and likely more engaging.68,69 
However, contextualization may also 
make the clinical realm simply another 
context among others in which basic 
science principles can be applied. Instead 
of illustrating how a particular scientific 
concept is useful in understanding the 
clinical problem, the clinical problem 
becomes a demonstration of the concept 
in action. Although this is an effective 
strategy for teaching basic science,52 it can 


be misdirected if the goal is to develop 
students’ understanding of clinical 
concepts. For example, the principles 
of fluid flow can be presented in the 
context of asthma in order to illustrate 
the application of the principles to 
medicine. This approach places the 
emphasis on understanding fluid flow 
prior to understanding the clinical aspects 
of disorders. Learners are exposed to 
the basic science without the benefit 
of understanding why it is particularly 
important for understanding asthma. 
Contrary to expectation, learners may 
achieve a better understanding of the 
science without adequately relating the 
concept to clinical problems.31 Early 
studies of PBL notably showed this 
unintended outcome in that learners 
made more explicit references to basic 
science when solving clinical problems 
but also made more conceptual errors 
compared with non-PBL controls.85,86 
Although contextualization is a promising 
strategy, it may require further refinement.


A personnel-based approach is the 
shared teaching model. Shared course 
teaching places basic scientists and 
clinicians together to teach a course 
either simultaneously or sequentially 
across learning sessions. The literature 
describes several shared teaching courses, 
but in-depth description and evaluation 
are still required.41,87–89 This gap in the 
literature is partially due to the highly 
contextual factors that would contribute 
to the success or failure of this approach. 
These factors include the synergy of the 
teachers, the depth of content covered, 
early buy-in (or lack thereof) from 
teachers of all backgrounds, and the 
quality of the exchange between basic 
scientists and clinicians. Some authors 
describing shared teaching have also 
noted the challenges posed by traditional 
departmental structures in moving to an 
integrated or shared teaching model.90,91 
The path of least resistance for shared 
teaching is sequential delivery of basic 
science and clinical content that likely has 
minimal effect on integration. We believe 
that if teachers pay inadequate attention 
to linking knowledge, then shared 
teaching runs the risk of devolving into 
a miniature reflection of the traditional 
2+2 formula. These challenges may 
prove difficult to surmount because 
basic scientists and clinical faculty may 
disagree on how much basic science 
should be taught92 and given the evidence 
(in teaching evaluations)93 suggesting that 
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students may value clinical instructors 
more highly than basic scientists.


In theory, assessing the effectiveness of 
integration at the level of course should 
be easier than assessing program-level 
outcomes, as the learners are in a more 
controlled environment. However, 
as with programs, studies comparing 
integrated and nonintegrated courses are 
rare. Most commonly, integrated courses 
show an improved attitude towards the 
importance of basic sciences.42,68–70 But 
learning outcome studies have been 
more equivocal. For example, a large 
systematic review of case-based teaching 
found that although students preferred 
this method and believed that it does lead 
to integration, their actual knowledge 
gains were not greater than those of 
their peers who experienced traditional 
learning methods.94 When investigators 
evaluated the learning outcomes of single 
courses, they often did so in the absence 
of appropriate control groups.63,72,73,78 
And as with program-level efforts, 
course-level studies risk confounding 
because multiple factors, including 
informal learning outside the course, can 
contribute to knowledge gains.95


Integration at the session level


Session-level integration strategies are the 
specific micro-level activities carried out 
from day to day to teach content. Several 
experimental studies have looked at 
specific learning interventions that have 
been adopted to promote the integration 
of basic science and clinical knowledge. 
Much of this session-level evidence 
derives from highly controlled studies 
such as randomized controlled trials or 
simulations of education interventions.


One technique to achieve integration is 
presenting basic and clinical sciences in a 
causal network. A series of experimental 
studies96–99 demonstrated that students 
who received causally integrated 
explanations of pathologies were better 
able to diagnose difficult clinical cases 
(described in vignettes) compared 
with students who were taught the 
textbook signs and symptoms of the 
pathologies. According to these studies, 
integration was achieved by creating a 
cause-and-effect story or narrative that 
linked features of physiology to clinical 
pathology. Students given integrated 
explanations had a twofold advantage 
at diagnosis after a one-week delay.96–99 
These studies provide some evidence that 


creating cause-and-effect relationships 
between physiology and pathology is 
an effective technique in improving 
diagnostic ability. Using a similar 
approach, Baghdady and colleagues100 
showed that integrating basic sciences 
in a causal manner in lectures was far 
superior to providing only evidence-
based structured algorithms for 
diagnosis. When students were presented 
with the basic science explanations in an 
unintegrated fashion (i.e., removed from 
the causal story and presented separately), 
the benefit for diagnosis decreased 
significantly.100 Causal integration is not 
just an aid for memory and retention.101 
Rather, the cause-and-effect relationship 
between the basic sciences (such as the 
physiology of upper motor neurons) and 
clinical features (such as the symptoms 
of stroke) created a framework within 
learners’ minds that allowed them 
to organize the constellation of the 
features of a diagnosis.102 This cognitive 
conceptual coherence is the advantage of 
integrated basic science teaching.


This integrated session or lesson 
approach has been tested with 
nonbiomedical sciences as well. Students 
who were taught respiratory exam 
interpretation using explanations 
that referenced physics had superior 
performance at diagnosing new cases 
compared with those who did not have 
the benefit of physics teaching.103 Similar, 
conceptually grounded interventions 
have included reviewing anatomy74 or 
physiology in the context of specific 
procedural skills or explaining the 
correlations76 between physiology and 
clinical features in a practical context 
(e.g., bedside teaching).104,105 These 
studies provide further evidence for the 
benefit of linking clinical concepts and 
the underlying basic science concepts in a 
causally related manner.


Although the highly controlled nature 
of these studies can limit external 
validity, the conceptual approach yields a 
generalizable, practical, and theoretically 
sound principle that can guide day-to-
day teaching. Overall, integration of 
content at the session level seems to have 
a meaningful educational impact. This 
approach is also theoretically grounded in 
research that highlights the essential role 
of basic sciences in supporting clinical 
reasoning.106 Encapsulation theory 
describes the relationship between basic 
sciences and clinical expertise in expert 


clinicians.107 It posits that basic science 
knowledge becomes enfolded by clinical 
knowledge as expertise develops108; 
for example, experts collapse detailed 
explanations of clinical and basic science 
presentations into meaningful categories 
such as a diagnosis or description 
like “inflammation” or “sepsis.” The 
mechanisms and implications of states 
such as inflammation are captured 
within the concept for the expert. This 
absorption or “encapsulation” of concepts 
from basic science leads to progressively 
more sophisticated schemas for clinical 
activity. These schemas may not explicitly 
rely on basic science knowledge; 
however, the basic science information 
remains a key organizational principle 
for understanding clinical knowledge. 
Experts retain and use this basic science 
knowledge as needed; a series of studies 
showed that experts tend to extract 
this basic science knowledge when 
they confront difficult or nonroutine 
problems.109,110 These findings further 
support the idea that basic science is a 
platform for clinical reasoning. These 
studies validate a long held assumption 
that basic science knowledge forms 
a cognitive framework for anchoring 
clinical knowledge.111 Given this evidence, 
integration of curricula should focus on 
efficiently and effectively promoting the 
cognitive meshing of content knowledge 
from basic and clinical science. This 
linking is likely achieved most effectively 
at the level at which students make direct 
contact with the content of the formal 
curriculum: the teaching sessions.


Discussion


The challenges associated with 
integrating basic science into medical 
curricula are well described in the 
health professions education literature. 
In response, attempts to integrate basic 
sciences have been made at the level of 
programs, courses, and teaching sessions. 
Several themes emerge from the literature 
on these efforts.


Although description is ample, evaluation 
for learning outcomes—especially 
evaluation against comparators or 
control groups—is scarce. This paucity 
is partly a result of integrating the basic 
and clinical sciences at the program and 
course levels, where outcomes are more 
difficult to evaluate. This complexity 
may also account for the largely absent 
consideration of sociocultural factors such 
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as attitudes towards the importance of 
basic science (and basic scientists) as well 
as structural and economic resources that 
can impact the feasibility of integration.


Secondly, integration is often described 
in terms of the methods and techniques 
rather than in terms of actual learning (i.e., 
logistically and organizationally as opposed 
to knowledge or skill development). 
Horizontal and vertical integration are 
organization principles that create the 
space within the curriculum for the 
actual act of integrated teaching and 
learning to occur. Strategies such as PBL, 
back-to-basic-science clerkships, and 
shared teaching models create proximity 
between two knowledge domains and 
foster awareness in students. However, 
whether these logistical changes lead 
to active integration of basic sciences 
and clinical knowledge by the student is 
unclear. Too often, integration activities 
are carried out with the expectation that 
the organizational change made will 
automatically result in integration. This 
leads to integration becoming an end in itself 
instead of a means to improved learning.


What is “integration” anyway?


The first step in considering integration 
is to outline the purposes and value of 
integration in the curriculum. However, 
the literature reveals that integration 
is most often characterized by the 
methodology by which it is achieved: 
the rearrangement or alignment of 
components of the curriculum. Although 
“vertical” and “horizontal” are useful 
terms for describing the methods of 
integration, we argue that overreliance 
on terminology can obscure the purpose 
of integrating basic and clinical sciences. 
We propose that, foremost, integration 
of these domains of knowledge should 
emphasize the cognitive activity that 
occurs within the learner. Simply 
creating “integrated” curricula will not 
automatically create cognitive integration.


With this in mind, we suggest that the 
aim of integrating the basic and clinical 
sciences is to achieve a conceptual, 
cognitive connection between different 
types of knowledge.102,111 The term 
“integration” refers to situations in which 
knowledge from different sources (basic 
science, clinical, factual, experiential, etc.) 
connect and interrelate112 in a way that 
fosters understanding and performance 
of the professional activities of medicine 


(diagnosis, management, etc.). This 
definition is learner-centered and focuses 
on changes within the learner as a result 
of exposure to basic and clinical science. 
The evidence from studies of expert 
clinicians110,111 suggests that these experts 
use basic science to organize clinical 
knowledge and skills into a coherent 
network of concepts which form the 
basis of clinical reasoning. Therefore, 
the best use of the basic sciences is 
as a tool for helping learners more 
effectively understand and organize 
clinical concepts. Integration should be 
understood as a cognitive function or 
operation that occurs within the learner 
as he or she links clinical concepts with 
basic science. Once this understanding 
is adopted, the focus should shift to 
examining how the learning context, 
particularly workplace environments, aid 
or hinder cognitive integration.


Recommendations for medical 
education research


Understanding integration as a 
cognitive act creates a different standard 
for evaluating integration efforts. If 
cognitive integration is the intended 
goal of integration, then the outcome 
measures for research should encompass 
not just satisfaction, attitudes, or even 
retention of basic science facts but also 
the transfer and application of basic 
science knowledge. Assessing factual basic 
science knowledge might prove useful in 
encouraging students to pay attention to 
basic science content; however, assessing 
how students use that basic science 
content in clinical reasoning or in the 
performance of a skill would provide 
valuable evidence for the effectiveness of 
a specific integration strategy.


Several interventions discussed in this 
report have yet to be formally evaluated 
for achieving cognitive integration. 
Future researchers could examine 
whether these integration strategies 
enable learners to adequately use basic 
science to understand clinical concepts. 
This research would, of course, require 
assessment tools—some of which are 
already available113,114—that specifically 
require learners to display an integrated 
understanding of clinical concepts. For 
example, instead of simply requiring a 
diagnosis of a simulated case, assessments 
could also require an explanation—that 
is, the why113 and how—of a particular 
mechanism that underlies the diagnosis. 


Finally, although much of the literature 
focuses on the formal aspects of curricula 
relating to integration, the informal 
hidden curriculum’s impact95 on 
integration is yet to be exposed.


Recommendations for medical 
education practice


From a teaching perspective, the specific 
steps to achieve cognitive integration 
may differ from content area to content 
area. Still, reframing integration as a 
cognitive issue shifts focus away from the 
content to be taught and places emphasis, 
instead, on the learning interventions 
conducive to teaching the content. This 
shift requires that educators pay greater 
attention to organizing and supporting 
session-level teaching for integration. If 
integration is understood as a cognitive 
process, then the integration of specific 
information—via lecture slides, practice 
problems, evaluations, and various media 
(words, pictures, practical experiences, 
etc.)—must occur. Without greater focus 
and emphasis on how basic sciences apply 
at each moment of clinical learning, 
reorganizing courses and clerkships could 
be a futile exercise.


Achieving this more microscopic 
integration of basic sciences may be 
more difficult for curriculum planners 
than reorganizing teaching schedules 
or clerkships. Each session and its 
associated content will require careful 
review to ensure that the material 
creates explicit and discernable linkages 
for learners. Uniformly adopting best 
practice teaching strategies, coupled with 
faculty development, may be required. 
Curriculum planners must also attend 
to the hidden curriculum95 and whether 
it rewards the acquisition of facts as 
opposed to true understanding. Relevant 
to this, the assessment61 of integrated 
learning should reflect students’ 
sophisticated understanding of how the 
basic sciences relate to clinical practice—
not their ability to recall facts. Focusing 
on assessment will not only allow direct 
evaluation of student learning but also 
inform students that integration is an 
important goal that is formally valued by 
the curriculum.


We do not suggest that any of the 
strategies or techniques for integrating 
curricula that we found in the literature 
and reviewed herein are fundamentally 
ineffective. Indeed, our analysis revealed 
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positive effects on learning associated 
with the various types of curriculum 
integration as well as improved attitudes 
to basic science. These effects should 
not be underestimated. Yet, despite 
these attempts at integration, more 
attention must be paid to how basic 
science is conceptually connected to 
clinical reasoning by learners. We argue 
for drawing on current knowledge from 
cognitive science to inform the way in 
which basic science content is delivered 
to learners. Viewing integration from this 
functional, learner-centered, cognitive 
perspective can positively contribute to 
curricular reform and help effectively 
train clinicians.
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2015 PLFSOM UME Strategic Planning Retreat 
Strategic recommendations regarding class size expansion – any expansion should be: 


• PLFSOM mission-based 
o Mission: “…to provide an outstanding education and development opportunities for a diverse group of students, residents, faculty 


and staff; advance knowledge through innovation and research; and serve the needs of our socially and culturally diverse 
communities and regions.” 


• Preceded by substantial and sustained expansion of the faculty 
o To align with AAMC norms, full time salaried faculty to student ratio will need to disproportionately expand to 1.5-2.0:1 …suggesting 


a need to more than double the full time salaried faculty 
• Coupled with improved faculty development and retention 
• Coupled with a substantial and sustained increase in the breadth of clinical expertise and programs 


o And specifically address educational program ‘bottlenecks’ related to shortage areas 
• Supported by two basic science educators in the Department of Medical Education for each major discipline 


o Manage and deliver the formal MS1-2 curriculum 
o Provide for student academic support, serve as SARP mentors 
o Participate in the various outreach and enrichment programs – as well as teaching in other schools (graduate and nursing) 
o Collaboratively support instruction in basic medical science throughout the clerkship phase (clerkships and electives) 


• Associated with a preceding increase in teaching space – as potentially addressed on campus by the development of MSB2 
o Opening of MSB2 still likely 3-4 years away 
o Options to stagger use of current space marginal 
o Off campus needs to be assessed – may be ameliorated by more use of web/IT-based instructional methods 


• Aligned with IT capacity 
o Complete and implement CHAMP (CMS), implement and explore options in CANVAS (LMS), implement CANOPY (Spanish), 


implement Poll Everywhere (ARS), upgrade Scheduler15 (clerkship educational scheduling and assessment tool) 
o Consider additional and more decentralized IT support (including assistance with implementing new ed-related applications) 
o Expansion of wireless capacity – with access and capacity across the main campus and, where possible, other primary sites 
o Need for deeper incorporation of the EHR in medical student education and preparation for residency 


• Preceded by substantial expansion and improvement in GME programs 
o Enriches the medical student teaching environment and substantially contributes to the depth and breadth of the clinical learning 


environment, and to expansion of the faculty 
o Creates opportunities and incentives for more of our graduates to stay in El Paso (c/w mission focus) 


Bottom line: For the foreseeable future (next 5-6 years), rapid growth and prosperity of the clinical enterprise and GME are of paramount 
importance to the continued success of UME and its long-term potential for expansion. 







Strategic recommendations regarding UME Curriculum Development and Support (5-6 year timeframe): 


• Across all phases: 
o Institutional level exploration of our recruitment and retention issues, including the valuation of educational effort and achievement 


in promotion and tenure (the Task Force can designate members willing to participate in the development of recommendations) 
o Align faculty development with the CEPC and Pre-Clerkship Curriculum Committee approved educational program. Facilitate more 


development related to individual faculty members operational needs (including efficient and asynchronous resources) 
o Implement CANOPY to support clinically integrated Spanish instruction across all years/programs 
o Development of lower-level educational acknowledgements/awards to encourage participation and performance in teaching 
o Develop 1 FTE staff position designated to support educational/instructional IT development and implementation 
o Develop 1 FTE faculty position at Associate Professor or higher, based in the Department of Medical Education, primarily in support 


of medical education research and scholarship 
o Faculty expansion (depth and breadth) aiming for 2:1 faculty-to-student ratio relative to anticipated class size with expansion 
o Focused working group (timeline open, intermediate-term goals expected within FY2016): 


 Interprofessional education (already functioning) 
• Pre-Clerkship phase: 


o Maintain and enhance the clinical presentation-based pre-clerkship curriculum, improve connections to clerkship phase 
o Maintain the college system and preserve ample and clinically relevant small group instructional elements 
o Biannual meetings with Clerkship Curriculum Committee and CEPC to identify and assess emerging educational program imperatives 
o Develop at least 2 faculty positions per major pre-clerkship discipline, anatomy may require 3-4 due to breadth, instructional 


methods, and support of additional programs  
o Focused working groups with 9 month (FY2016) timelines: 


 Improve discipline specific performance tracking (ideas as outlined in full working document/report) 
 Improve remediation systems across the curriculum (ideas as outlined in full working document/report) 
 Promote a coherent approach to active and engaged instructional methods (specific concepts require development) 


• Clerkship phase: 
o Formal recognition and development of Assistant Clerkship Directors (potentially expanding total support for clerkship 


administration per department to 0.6FTE), and improved accountability for protected time within regular work hours  
o Development of a Clerkship Curriculum Committee budget to collaboratively prioritize and support and clerkship-based innovations 
o Develop 1 FTE staff position for a nurse educator to support student OR training, OR assignments, and related skills instruction 
o Develop 1 FTE staff position to support coordination of educational efforts across all instructional sites 
o Focused working groups with 9 month (FY2016) timeline except as noted: 


 Clerkship phase remediation systems (already active under Dr. Maureen Francis) 
 Consideration of IT innovations to support clerkship instruction (longitudinal assessment, asynchronous learning) 
 Additional integration across clerkships and clerkship blocks (recommendations by end of FY2017) 











References for Point 2
Conversion of the WCE Sessions from small group discussions to Team Based Learning 
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PURPOSE In 2003, we described initial use of team-
based learning (TBL) at 10 medical schools. The
purpose of the present study was to review progress
and understand factors affecting the use of TBL at
these schools during the subsequent 2 years.


METHODS Representatives from 10 schools
evaluated in 2003 were again evaluated in 2005. They
were interviewed by members of the Team Based
Learning Collaborative using a semistructured inter-
view process. Data were analysed by 2 researchers
using the constant comparative method and were
triangulated through sharing results with other
interviewers at regular intervals to verify conclusions
and form consensus.


RESULTS TBL continued to be used in all but 1
school. At the 9 remaining schools, TBL was added to
18 courses, continued to be used in 19 and was
discontinued in 13 courses. At some schools, it was
discontinued in single courses in lieu of new, longi-
tudinal integration courses in which TBL was a main
instructional strategy. Faculty, student, course and
institutional factors were associated with changes in
TBL use.


CONCLUSIONS Faculty, administration ⁄ curriculum,
students and characteristics of specific courses influ-
ence ongoing utilisation of TBL. Those who desire to
implement TBL would do well to take these factors
into account as they plan implementation efforts at
their schools.


KEYWORDS education, medical, undergraduate ⁄
*methods; teaching ⁄ *methods; group processes;
United States; faculty.
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INTRODUCTION


Team-based learning (TBL) is a well-defined
instructional strategy that is being employed increas-
ingly in medical education.1–7 Developed originally
for business schools and other higher learning
settings,8,9 TBL allows a single instructor to manage
multiple small groups simultaneously in 1 classroom.
TBL has garnered interest within the medical edu-
cation community because of its potential to promote
active learning without requiring large numbers of
faculty facilitators. A number of studies have
appeared in the medical literature providing empir-
ical evidence of potential benefits from TBL. Such
benefits include increased student engagement,5


higher-quality communication processes4 and
increased National Board of Medical Examiners shelf
examination scores.6


In 2003, we described the use of TBL at 10 schools
throughout the country.10 At that time, 32 courses
included components of TBL that ranged in
scope from single-session applications to entire
courses. Initial outcomes indicated positive student
and faculty responses and improved student
engagement. Each school planned to continue
using TBL and expand into new areas of their
curricula.


With support from the Fund for Improvement of
Post Secondary Education (FIPSE), we organised
the Team Based Learning Collaborative in 2003 to
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harness the growing enthusiasm and experience of
early adopters.11 The Collaborative is an informal
scholarly community made up of individuals from
schools throughout the country, and its members
are committed to pursuing a shared understand-
ing of the outcomes and challenges associated with
the use of TBL across the continuum of under-
graduate, graduate and continuing medical educa-
tion and health sciences education.


Having established a �baseline� with the 10 schools in
2003, the purpose of our study was to examine the
status at these same 10 schools 2 years later in order
to understand those factors influencing the use of
TBL. Two questions guided our inquiry: (1) has the
use of TBL at these schools increased, decreased or
remained the same; and (2) what common charac-
teristics, if any, appear to explain any direction of
change? Before describing the details and results of
our study, we provide a brief overview of the essential
elements of TBL.


Description of TBL


TBL consists of 3 repeating phases. During the first
phase, learners read and study material independ-
ently outside class. During the second phase, learners
complete an individual readiness assurance test
(IRAT) to assess their basic understanding of facts
and concepts included in the phase 1 study material.
After the IRAT, pre-assigned teams of 5–7 learners
re-take the same test, forming a consensus about each
answer (group readiness assurance test ) GRAT).
These consensus answers are scored for immediate
feedback. Once the instructor feels that students have
mastered the core concepts through phases 1 and 2,
the class moves into phase 3 application activities.
During phase 3, students work in their teams on
assignments that provide the opportunity to apply
phase 1 and phase 2 knowledge in real-world com-
plex problems. All teams in the class work on the
same problem at the same time. Teams share their
answers to the application problems simultaneously
for immediate comparison with other teams’ solu-
tions. Because the problems reflect real-world com-
plexity and ambiguity teams often arrive at different
solutions, which promote total class discussion. As
part of the process, learners also assess the contri-
bution of peers within their group (peer evaluation).
While a �pure� application of TBL would include all 3
phases, the method allows flexibility for instructors to
use selectively 1 or more of the phases, depending on
the contextual demands of the course or session. This
flexibility has been especially important in medical
education, due to the unique constraints inherent in
many medical contexts.10


In addition to content delivery and in-class activities,
TBL also fosters active participation by providing
incentives for pre-class preparation and in-class group
discussion. Class time is shifted away from learning
facts and towards application and integration of
information. Unlike some forms of active learning,
such as problem-based learning, a TBL instructor
retains control of content and acts as both facilitator
and content expert.9


METHODS


Participants


Eleven faculty members who had been a part of the
TBL collaboration and had co-ordinated and monit-
ored the use of TBL at the 10 original schools served
as the study group. The 10 schools included:
University of Arizona College of Medicine, Baylor


Overview


What is already known on this subject


• Team-based learning (TBL) is an instruc-
tional strategy used increasingly in medical
education.


• Several studies indicate favourable learning
outcomes.


• Little research exists regarding �optimal�
factors associated with TBL use.


What this study adds


• Understanding of the evolution and appli-
cation of a teaching application, TBL, over
2 years at 10 initial schools.


• Identification of inhibitors or enablers that
influence implementation of TBL.


• Identification of the factors to consider for
educators exploring the use or implemen-
tation of TBL at their school.


Suggestions for future research


• In the future, factors related to the process
of diffusion of this educational innovation
into courses, schools and the larger med-
ical community should be explored.
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College of Medicine, University of North Carolina
Chapel Hill School of Medicine, University of
Oklahoma Health Sciences Center, University of
Rochester School of Medicine and Dentistry,
University of Texas Medical Branch at Galveston,
University of Texas Health Sciences Center at
Houston, University of Texas Southwestern Medical
School, Texas Tech University Health Sciences
Center and Wright State University Boonshoft School
of Medicine. Two members from the University of
Texas Medical Branch at Galveston were included to
represent TBL use in the Medical School and the
School of Allied Health. This group of faculty
partnered with Baylor College of Medicine from 2000
to 2003 to pilot TBL in medical education. As a pilot
project, the successful use of TBL in all settings was
not an expected outcome. Partnering did not require
faculty to participate in this research; those who did
so volunteered and were encouraged to describe both
positive and negative experiences of TBL use.


Data collection


We collected data using a multiple case study
approach.12 Six members of the Team Based Learn-
ing Collaborative (VFS, PH, REL, KKM, CP, BFR)
conducted open-ended, semi-structured interviews in


2005. The interviewers used a guide that contained 7
standardised, open-ended interview questions13


which asked about general impressions of the dis-
semination of TBL at the school, degree of TBL use
in specific courses, scholarship on TBL and future
plans. A series of prompts were included to ensure
that each question was explored in similar detail
between interviewers. A copy of the interview guide is
provided in Table 1. All interviews were conducted
over the telephone. Three of the interviewers (KKM,
REL, VFS) also served as interviewees for their
respective schools; in these cases, another member
conducted the interview. The interviews took place
over a 2-week period. Interviewers took field notes
and transcribed them immediately after each inter-
view. These notes were approximately equal in depth,
completeness and length over the interviews, and
provided 33 pages of textual data for analysis. This
study was conducted with oversight from the Institu-
tional Review Board at Baylor College of Medicine.


Data analysis


We used the constant comparative method to analyse
interview data.12 First, an evaluation specialist not
involved previously in TBL (BMT) and 1 interviewer
(VFS) reviewed all field notes. These 2 analysts


team-based learning


Table 1 Interview guide


Questions Prompts


Restate purpose of interview Potential use in publication
Obtain useful data for sessions proposed at upcoming conferences
Help plan consensus conferences


�Before we get specific, let me get your general impression about
the overall dissemination of team learning at your institution�
�Now let�s go through items [courses] included in 2003 paper10. Why? (explore specific enablers and inhibitors)
For each course, has team-based learning increased, decreased,
or stayed the same?’


What elements of team learning are used?
What impressions have students and faculty had about use of the team
learning in each specific course? What �evidence� are these
impressions based on?


What unexpected outcomes ⁄ consequences have occurred?
�Were the past two years consistent with the ‘‘future plans’’ in the
2003 table?�


Why? Why not? (explore specific enablers and inhibitors)


�Has team learning been introduced into new courses?� Why? (explore specific enablers and inhibitors)
When and how did this happen? (Be as specific as possible)
What elements of team learning are used?
What impressions have students and faculty had about use of the team
learning in each specific course? What �evidence� are these
impressions based on?


What unexpected outcomes ⁄ consequences have occurred?
��What scholarship has resulted from use and evaluation of team
learning (papers, presentations, and invitations to do talks)?
��What are current or future plans for team learning at your
institution?
��As we update the 2003 paper, do you have any
suggestions about things we should say in our conclusions about
the merit or worth of team learning?
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repeated 8 iterations of review and discussion to
examine emergent characteristics. To triangulate the
results, the evaluation specialist and interviewer
shared their results with other authors at regular
intervals to verify conclusions and form consensus on
issues of disagreement.12,13 Finally, we presented the
results and conclusions back to interviewers as a
member check to verify the plausibility of our
conclusions.12 Four authors (BMT, VFS, PH, BFR),
then performed a final review of the feedback from
member checks to further refine the results. All data
are presented without identifiers.


RESULTS


Changes in TBL use


Our first research question addressed changes, if
any, in the use of TBL at the original 10 schools.
We found that TBL continued to be used in at least
1 course at 9 of the original 10 schools. Of the 32
original courses, TBL use continued in 19 courses
and was discontinued in 13 others. TBL use was
discontinued completely at 1 school due to the
departure of a key faculty partner. Multiple factors
were associated with the discontinuation of TBL;
however, 9 of the 13 discontinued TBL courses
occurred at 2 schools. At those schools, use of TBL
as one of several instructional methods was discon-
tinued in individual courses in favour of its use as
the primary teaching method within integrated
courses. TBL was introduced into 18 courses at 8 of
the institutions. Changes in TBL use at individual
schools are shown in Table 2. TBL was utilised in
other instructional venues as well, including new
student orientation and continuing medical educa-


tion. A variety of factors contributed to changes in
TBL use, and the factors are discussed in the next
section.


Enablers and inhibitors


Our second research question involved identifying
the enablers and inhibitors associated with the
change in use of TBL at the original schools. The
themes associated with the changes of TBL described
by the participants are recorded in Table 3 and are
organised by faculty, administration ⁄ curriculum, stu-
dent and course.


Faculty


For faculty who were early adopters of the method,
ongoing training, faculty attitude and perceived
outcomes of the method were essential to TBL
success. While initial exposure to the method often
garnered a high degree of enthusiasm among faculty,
ongoing exposure was critical to help faculty under-
stand and apply the method effectively. [Italicised
texts are taken directly from interviewers’ field
notes.]


Faculty were surprised at how they misunderstood how to
use the method initially… So 1 outcome was that they
relearned the method… They have discovered that the
better you understand and closer you adhere to
Michaelsen’s principles, the better the process works.
(Interviewee 2)


Faculty needed time to become comfortable with the
method. Many interviewees indicated that the initial
use of TBL was of limited success: �the first year of TBL
was not perceived as good because faculty were uncomfort-
able with the method. Delivery of content was good with TBL
in the 2nd attempt to use it�. Repeated use of TBL was
cited by many as essential.


To be successful, not only was quality training
important, so was the level of faculty �buy-in� or
attitude toward the method. One participant indi-
cated that TBL was successful because faculty were
�big believers� in the method. Because TBL repre-
sented a leap from both typical (e.g. lectures) and
more recent (e.g. problem-based learning) forms
of teaching, faculty willingness or position to
accept risk was a common trait among early
adopters.


Co-operation from interested faculty [is the key] ) they
will spend time with educators to learn the skills they
need… That is what gets it going. They have to be


Table 2 Use of TBL at individual schools


School Discontinued Added Learners (year)*


School 1 2 2 MS1, MS2
School 2 0 0
School 3 0 2 MS3-4
School 4 7 2 MS1, MS2, PA1, MS3
School 5 0 2 MS1
School 6 1 3 MS1, NS1, NS3
School 7 2 5 PA1, MS1-2, MS3, PGY
School 8 0 1 PA1
School 9 0 1 MS2
School 10 1 0 MS1


*Type of learner and year of learner involved in discontinued
or added course(s); MS ¼ medical student; PA ¼ physician
assistant student; NS ¼ nursing student; PGY ¼ resident.
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confident in their positions as faculty. They can’t be
intimidated by students… The faculty who are less certain
of their roles as instructors, who see learning as the
transmission of information rather than realising that for
students to remember things, they have to be engaged in
rich contexts. (Interviewee 3)


Many faculty at the 10 schools had been initially
interested or intrigued by the method, but they
wanted to see someone else try it first and ⁄ or others
at the school to establish experience with the method
before they tried it themselves.


The main issues were those of faculty critical mass and
student response. [There was] only [one] real cham-
pion of the method. Other course faculty were �encour-
aging, but neutral� ) interested in the method as a
novelty, but not really interested enough to spend the time
to learn the method or use it. (Interviewee 6)


Faculty were positively influenced to use TBL due to
improvements in students’ preparation and attend-
ance, quality of in-class discussions and academic


performance, as well as increased collaboration
among faculty members. Interestingly, many indica-
ted that TBL had improved student attendance.
�Students don�t like to… come to class. [An] unexpected
outcome ) [we] don’t require them to come, but they come
anyway.’ Adopters also felt that TBL improved in-class
discussion and helped students to think more
critically.


I think [TBL] is very worthy. It helps students to work in
teams and also helps students with critical thinking skills.
One of the problems with MD students is that they just
want the �right� answer, they have problems with ambi-
guity. Team learning helps them in a structured and safe
environment. (Interviewee 3)


Students


Not only were the faculty essential to TBL success, so
were the students. In general, students displayed a
large range of attitudes toward the method. Student
attitudes also tended to influence faculty attitudes


team-based learning


Table 3 Enablers and inhibitors associated with the changes in use of TBL


Enablers* Inhibitors*


Faculty
Attitude Positive belief in the method Initial limited understanding of the method


Strong personal motivation
Willingness to accept risk
Willingness to dedicate time to implement TBL


Exposure Quality of initial training
Quality of ongoing support
Repeated utilisation of TBL


Outcome Engagement and satisfaction for faculty
Student preparation and ⁄ or attendance
Increased quality ⁄ quantity of student discussion
Improved student academic performance
Increased faculty collaboration


Administration ⁄ curriculum
Support Champion of the method


Expectation for use of active learning methods in the curriculum
Support of faculty time


Coordination Central coordination between courses
Student


Attitudes Positive regard for working in teams Perceived lack of efficiency in overall use of time
compared to lecture


Early exposure to TBL Resistance to peer evaluation as part of grading
Repeated exposure to TBL


Course
Density TBL sessions added to already full course with no


decrease in lecture time
Structure Active learning methods already in use and adequate


faculty to facilitate (e.g. PBL)
No textbook or formal reading materials
Established and ⁄ or popular course


Class size Larger class divided into smaller units Large class


*Where cells are empty, no enablers or inhibitors were discussed for the given area.
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and shape decisions about whether or not to
continue using TBL. Initially, students viewed TBL as
a less efficient instructional strategy compared to
lecture. One interviewee described the concerns of
students as: �Some of the initial concerns were that this
wasn�t an efficient way to learn, and students are very time
sensitive’. Interviewees suggested that if students were
exposed early to TBL and had repeated experiences
with the method, both within and between courses,
their attitudes improved. As students gained more
experience with the TBL process, they seemed to �be
more comfortable with the process… They feel more involved
in their learning and with the group�.


However, many students were resistant to peer
evaluation as part of TBL grading. At 1 college, �peer
evaluation generated so much hostility they stopped it during
the first year. [Students] didn�t like evaluating each other
[and] gamed it. Very few viewed it as a professional
development experience’. Students did not view peer
evaluation as an integral part of the TBL experience,
opting to �game� it by giving every group member the
same grade.


Administration and curriculum


TBL was more likely to be used when support was
provided at the administrative level. In some cour-
ses, TBL was implemented in response to a man-
date by administration to use more active learning
methods. For others, the expansion of TBL was
associated with a champion of the method, either at
administrative, curricular or course levels. As 1
interviewee noted, TBL was incorporated into a
clerkship after �a department chair who was a skeptic of
the method [saw] the effect of low performing student test
scores [and became] a ‘‘believer’’ in the method. This
allowed the clerkship director to try the method�. In
addition to the mandate or �buy-in� from adminis-
tration, the support of faculty time to revamp
existing course materials was also essential.


On a curricular level, co-ordination of activities with
other courses that used TBL simultaneously was
essential. Where such co-ordination did not occur,
participants reported that students felt overbur-
dened with reading assignments and tests, some-
times leading to decreased or discontinued use of
TBL.


We had been �gung-ho� on the use of team learning. [We]
had 1–2 sessions in every course in the 1st and 2nd year
and at the same time [a course director] had developed
another integrated medical problem solving [course] that
was designed around team learning… There were so


many team learning courses that they [the students]
complained about the reading and testing. (Interviewee
11)


Not only was co-ordination of TBL sessions between
courses important, course directors also realised the
importance of co-ordinating TBL sessions with other
major curricular occurrences, such as examinations,
to avoid overwhelming students.


Course


On a course level, issues of structure, content density
and class size impacted the continued use of TBL.
Courses that already included active learning meth-
ods, such as problem-based learning courses with
sufficient faculty facilitators and courses with estab-
lished and highly regarded lectures, were not likely to
adopt TBL. �In that [lecture-based] course, the lectures
are very popular and it was felt that replacement of them
would be very unpopular and a radical departure in a very
highly rated component of the course�. TBL was also
difficult to adopt or implement into courses that
�[did] not have a textbook or single formal reading material�
or courses in which �team learning sessions were viewed as
something being added to an already packed curriculum�. It
was evident that the structure and density of the
course itself were enables or inhibitors of TBL.
Interviewees also suggested that splitting very large
classes led to easier logistics in terms of administering
the readiness assurance test and the application
phase of TBL.


CONCLUSIONS


In 2003, we embarked on a study of TBL at 10 schools
to determine whether this instructional strategy had
value for use in medical education. We concluded
that the initial experiences at the 10 schools were
favourable.10 Since that time, several studies have
provided empirical evidence of favourable learning
outcomes associated with TBL.2–7,14,15 Given the
steadily increasing interest and evidence base sup-
porting TBL, the purpose of our study was to
understand the issues surrounding the use of TBL at
the 10 schools in our original study, not as a measure
of the value of this method but rather in an effort to
understand factors associated with changes in the use
of the method. We understood at the outset of this
study that we would observe both increases and
decreases in the use of the method, and that both
situations would provide valuable data to inform the
choices of educators who are beginning to adopt and
implement TBL.
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We found that TBL had been adopted and imple-
mented into 18 courses, some of which were clin-
ical ⁄ residency programmes, suggesting that this
instructional method has applicability beyond pre-
clinical, basic science courses. In 9 courses, TBL was
discontinued in exchange for new co-ordinated,
integrated, longitudinal courses in which TBL was a
central pedagogical method.


Our study suggested that faculty and the educational
environment were vital to TBL use. Faculty enablers
included experience with the method, confidence
through repeated use, exposure through quality
professional development opportunities and per-
ceived positive outcomes. The attitude of the students
and the structure, density and size of the course were
also factors that were either an enabler or inhibitor.
Finally, support and co-ordination at the administra-
tive or curricular level, including champions of the
method, also affected TBL adoption. These findings
are reflective of a larger body of research regarding
Diffusion of Innovations,11,16 suggesting that pro-
gramme users (faculty), programme adopters
(administration), linkage agents (champions of the
method at the curricular and ⁄ or administrative level)
and the environment (course, administration or
curriculum, students) are vital to successful use of
new innovations such as TBL.


Limitations and implications for research


While these results provide valuable insight into
TBL use at 10 schools, they may have limited
generalisability. Specifically, these 10 schools were
early adopters of TBL. In addition, because we
chose to use a multiple case study approach and
utilised some participants as interviewers, these
participants could have been influenced by their
experiences or the experiences of other interview-
ers. However, we also assert that this approach also
provided a rich data set, informed by multiple
interviewers and interviewees. Adhering to data
integrity, triangulation was accomplished though
multiple interviewers, reviewers and member checks
of the results. As other schools adopt TBL, it would
be valuable to determine the factors related specif-
ically to the process of diffusion of this innovation
into courses, schools and the broader medical
education community.11,16


Implications for practice


In conclusion, we revisited the 10 schools in our
original 2003 study10 to gain insight into the utilisa-
tion of TBL in medical education. At some schools


the use of TBL increased, while at others it declined.
A number of factors at the faculty, student, course
and administrative ⁄ curricular levels were associated
with those changes. Those who desire to implement
TBL would do well to take these characteristics into
account as they plan implementation efforts at their
schools.
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Abstract
Background: Team-Based Learning is relatively new in medical education. Team-Based Learning 
was integrated into one medical school’s pre-clinical curriculum in 2002.  Purpose: This study com-
pared how medical students’ attitudes about the Team-Based Learning process changed between 
the first and second year of medical school.  
Method:  180 students responded to 19 statements regarding their attitudes about Team-Based 
Learning during their first and second year of medical school. Data were analyzed using a Mann-
Whitney U test. Results: Significant changes in attitudes occurred in the areas of Professional De-
velopment, Satisfaction with Team Experience, and Satisfaction with Peer Evaluation but not in the 
areas of Team Impact on Quality of Learning and Team Impact on Clinical Reasoning Ability. 
Conclusion: This study demonstrates that students’ attitudes about working within teams, their 
sense of professional development, and comfort and satisfaction with peer evaluation change in a 
curriculum using Team-Based Learning. 
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 Team-Based Learning1-2 is relatively new in medical 
education,3 although it has been implemented in other 
educational curricula for years.4,5  Three modes of instruc-
tion are typically present in medical school curricula: 
Lecture-based, Problem-Based, and a combination of 
lecture-based with small group teaching.  Lecture-Based 
instruction has been the most common strategy, but it 
has been challenged over the years because it is a pas-
sive form of learning.6,7 Adding small group teaching to 
a lecture-based program intends to increase active learn-
ing but usually results in more lectures by more faculty.  
As medical educators recognized the importance of ac-
tive learning strategies,8,9 applications of Problem-Based 
Learning were implemented.10 While Problem-Based 
Learning was introduced years ago11-13  and has been well 
studied,10,14-19 Team-Based Learning is the newest strat-
egy.3


 Team-Based Learning is learner-centered but in-
structor-led, uses a very structured individual and group 
accountability process, and requires small groups to work 
together to solve problems.20 Team-Based Learning has 
been described as bringing “together theoretically based 
and empirically grounded strategies for incorporating the 
effectiveness of small-group learning into large-group, 
lecture-oriented sessions”.21 (p.40). There are several es-
sential components to the strategy: 1) advanced prepara-
tion: the instructor defines what the students must master 
before coming to class; 2) team formation: the instruc-
tor assigns students to teams of 5-7 using a transparent 
process, insuring that all teams have a diversity of back-
grounds, experiences, abilities amongst their members; 
3) readiness assurance: the instructor administers a test 
composed of multiple choice questions (MCQs) to each 
student at the start of the class, then all teams take the 
same test and a group score is generated; 4) group appli-







cation exercise: the instructor has all teams work on a set 
of very challenging questions, usually in MCQ format; 
extensive whole class discussion ensues with debate on 
team choices;  5) peer evaluation: students must evaluate 
each of their team members for his/her contribution to the 
team’s productivity.22


 Although the application of Team-Based Learning to 
various courses in medical school23-26 and health profes-
sions education22 has been described, a void in the litera-
ture exists regarding the impact of Team-Based Learning 
on medical students’ attitudes. Team-Based Learning was 
integrated into our medical school’s first year and second 
year curriculum in 2002. During the first two years of a 
largely lecture-based curriculum, Team-Based Learning 
sessions were developed in all courses to either supple-
ment or replace lecture material; almost all of the exist-
ing small group sessions were replaced with Team-Based 
Learning. Although the curriculum remained highly de-
pendent upon lectures, the Team-Based Learning ses-
sions provided many active learning sessions in small 
group format. We felt that it was important to explore 
students’ attitudes about working within teams given that 
it was a new teaching approach in our medical school’s 
curriculum. This study compared how medical students’ 
attitudes about working within teams in Team-Based 
Learning changed between the first and second year of 
medical school.  


Method


 With institutional review board approval, 180 first-
year medical students from the Classes of 2006 (n = 90) 
and 2007 (n = 90) participated in this longitudinal study. 
Students from the Class of 2006 completed the question-
naire during their first year of medical school (i.e., 2002) 
and during their second year of medical school (i.e., 
2003), and the Class of 2007 completed the questionnaire 
during their first year of medical school (i.e., 2003) and 
during their second year of medical school (i.e., 2004). 
Response rates were 100% for each class year. In a class-
room setting and during class time, students from each 
class year completed an anonymous questionnaire during 
their first year of medical school regarding their attitudes 
about Team-Based Learning. The same questionnaire was 
given to the students during their second year of medi-
cal school. During their first and second year of medi-
cal school, the questionnaire was completed by students 
at the beginning of the year, mid-year, and end of year. 
Scores from the beginning of the year, mid-year, and end 
of year were averaged resulting in an overall score for 
year 1. The same procedure was used to determine the 
average overall score for year 2. 


 The questionnaire used in this study consisted of 
19 statements with Likert-type responses ranging from 
Strongly Disagree (1) to Strongly Agree (5). Statements 
were grouped using 5 categories: Overall Satisfaction 
with Team Experience, Team Impact on Quality of Learn-
ing, Satisfaction with Peer Evaluation, Team Impact on 
Clinical Reasoning Ability, and Professional Develop-
ment. The questionnaire used in this study was based on 
the Minnesota Satisfaction Questionnaire.27 The specific 
questions on the survey were developed over a five year 
timeline within Wright State University’s Department of 
Communication’s Organizational Communication class-
es. Specific questions on the survey can be found in a 
variety of studies on participants’ satisfaction with their 
group experiences.28-32


 Of the 180 participants, 95 (53%) were female and 
85 (47%) were male. With regard to ethnicity, there were 
156 (87%) Caucasians, 20 (11%) African Americans, 3 
(1.5%) Mexican Americans, and 1 (< 1%) Native Ameri-
can. 


Results


 Data were analyzed using a nonparametric test of 
significance for ordinal data based on a pretest (i.e., first 
year of medical school) and posttest (i.e., second year of 
medical school) methodology for independent samples. 
A Mann Whitney U test (p < .05) was conducted to de-
termine if changes in attitudes about Team-Based Learn-
ing occurred between the first and second year of medical 
school (See Table 1). Means and standard deviations for 
individual items on the survey in the categories of Over-
all Satisfaction with Team Experience, Team Impact on 
Quality of Learning, Satisfaction with Peer Evaluation, 
Team Impact on Clinical Reasoning Ability, and Profes-
sional Development can be found in Table 1. Aggregate 
scores for each of the categories are also listed in Table 1. 
These scores were calculated by averaging the means for 
the individual items in each category.


 Overall findings of this study showed that signifi-
cant changes in attitudes occurred in the areas of Profes-
sional Development, Satisfaction with Team Experience, 
and Satisfaction with Peer Evaluation. Students reported 
more positive attitudes during the first year of medical 
school for the areas of Professional Development and 
Satisfaction with Peer Evaluation. For Satisfaction with 
Team Experience, more positive attitudes were noted 
during the second year of medical school. No significant 
changes in attitudes between the first and second year of 
medical school were noted for the areas of Team Impact 
on Quality of Learning and Team Impact on Clinical Rea-
soning Ability. 
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 Overall Satisfaction with Team Experience - A 
comparison of overall mean scores for statements in this 
category suggests that during the first year and second 
year of medical school students’ attitudes about their sat-
isfaction with their team experience were favorable. With 
regard to how attitudes changed, mean scores on the item 
about working as part of team being a valuable experience 
increased from first to second year. The students’ attitudes 
about their team members contributing as much as they 
did also improved from their first year of medical school 
to the second. It is possible that students’ participation 
in teams during their first year helped them to become 
more adept at working in teams and become contributing 
members during their second year. This may have also 
helped them to find more value in the team experience 
during year two. No statistically significant changes were 
noted for students’ attitudes about the team working well 
together, team members’ respect for them, or their view 
of teamwork as a productive use of their time.


 Impact on Quality of Learning - A comparison of 
overall mean scores for statements in this category sug-
gests that students’ responses to statements about how 
working in a team impacted their learning fell into the 
“mixed opinion” range. Items in this category asked if 
working in a team helped them to learn course material 
better than if they had studied alone, if their course grades 
improved because they were part of a team, and if they 
learned more in courses where they had been a member 
of a team. No statistically significant changes in students’ 
attitudes were noted from first to second year in these ar-
eas. 


 Satisfaction with Peer Evaluation - A comparison 
of overall mean scores for statements in this category 
suggests that students’ responses to statements about peer 
evaluation fell primarily in the “mixed opinion” range. 
Students’ attitudes about their satisfaction with peer eval-
uation tended to decline from the first year of medical 
school to the second year. Statistically significant declines 
in students’ attitudes were noted for the role of peer eval-
uation in motivating a student to work harder and/or more 
collaboratively, as well as for how well students liked the 
use of peer evaluation. No statistically significant change 
was noted in students’ attitudes toward their peers being 
fair regarding their judgment of students’ contributions to 
a team.


 Team Impact on Clinical Reasoning Ability - A 
comparison of overall mean scores for statements in this 
category suggests that students’ responses to statements 
about how working in teams impacted their clinical rea-
soning ability also fell primarily in the “mixed opinion” 
range. No statistically significant changes were noted in 


students’ attitudes in these areas from first to second year. 
Although there was no change, students in both years 
agreed that being on a team helped them be a better prob-
lem solver, that teams make good decisions, or that being 
part of a team improved their ability to think through a 
problem. It is possible that a change in students’ attitudes 
in these areas would be more likely to occur after students 
begin their clinical training in their third year of medical 
school. 


 Professional Development - A comparison of over-
all mean scores for statements in the Professional Devel-
opment category suggests that “mixed opinion” responses 
predominated. Students’ attitudes about their profession-
al development tended to decline from the first year of 
medical school to the second year. Statistically significant 
declines in students’ attitudes were noted for items as fol-
lows: working on a team enhanced a sense of who they 
are, working with a team helped them to develop skills in 
working with others and to develop cooperative leader-
ship skills, and working with a team helped them to de-
velop more of a respect for the opinions of others. These 
findings may suggest that team-learning activities related 
to professional development have a stronger impact on 
students during their first year of medical school and that 
this benefit is perceived by students to be somewhat less 
during their second year. 


Conclusions


 This study demonstrates that students’ attitudes about 
working within teams, their sense of professional devel-
opment, and comfort and satisfaction with peer evalu-
ation change from first to second year in a curriculum 
using Team-Based Learning.  Peer evaluation seems to 
be more meaningful to students during their first year of 
medical school than in their second year.  Peer evalua-
tion is an area that students have struggled with in Team-
Based Learning; and in the past, our sense has been that 
students felt uncomfortable completing peer evaluations 
and receiving peer feedback. Due to this, it is possible 
that the more often students were asked to complete peer 
evaluations (i.e., multiple times during year 1 and year 2), 
the less meaningful they were to them. Peer evaluation 
tools and approaches have evolved since the time of this 
study as has students’ familiarity with the peer evalua-
tion process. Improving peer evaluation in Team-Based 
Learning continues to be a hot topic among Team-Based 
Learning experts. Given that peer evaluation is an inte-
gral part of the Team-Based Learning approach, it may 
be helpful for medical educators to determine how to in-
crease its value for motivating students to work harder or 
more collaboratively.
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 Regarding satisfaction with team learning, although 
not officially hypothesized, we did expect that satisfaction 
with team experience would increase from year 1 to year 
2. Team-Based Learning was a new concept for students 
and as they (as well as the faculty) became more comfort-
able and familiar with it as an instructional modality, it 
makes sense that their satisfaction improved from year 
1 to year 2 regarding team members’ contributions and 
teamwork being seen as a valuable experience.


 The decline from year 1 to year 2 in scores in the cat-
egory of professional development was most interesting 
for us to ponder. It is possible that Team-Based Learn-
ing had more of an impact during the students’ first year 
because of where students are with their education and 
learning curve related to working in teams. By second 
year, students may have become somewhat conditioned 
to the medical education environment and may feel that 
advances in their professional development related to 
Team-Based Learning tapered off or had less of an im-
pact. 


 Lastly, given the impact on quality of learning, scores 
were at the higher end of the “mixed opinion” range and 
remained in that range from year 1 to year 2. The fact that 
this remained stable is a positive outcome. It would have 
been concerning had it dropped off from year 1 to year 
2. 


 A limitation of this study is that students’ attitudes 
were assessed during the years when Team-Based Learn-
ing was first integrated into the curriculum. Thus, it is 
possible that the students’ attitudes were affected by 
the newness of the instructional approach as well as the 
challenges for faculty regarding adapting a Team-Based 
Learning approach to their courses. There were many 
hurdles to surmount during the initial years of integrating 
Team-Based Learning into the school’s preclinical curric-
ulum, and this could have impacted students’ attitudes.  


 A next step is to explore the evolution of the Team-
Based Learning strategy in our curriculum. We intend to 
administer the attitudes survey to a new group of first-year 
students at our medical school and follow them through 
their second year. The Team-Based Learning approach 
has now been in place for six years at our medical school, 
and given that the approach is a relatively stable part of 
the curriculum and more fully developed with a culture 
to support it, it would be worthwhile to explore the cur-
rent students’ attitudes. A follow-up study of this nature 
would contribute to better understanding of patterns asso-
ciated with attitudinal change when Team-Based Learn-
ing is initially integrated into a curriculum versus when it 
is a fully developed aspect of the curriculum. Given the 


students’ overall favorable evaluation of courses in more 
recent years (students’ satisfaction scores with Team-
Based Learning courses have consistently averaged 4.00 
or higher on a 5-point Likert-type scale), we anticipate 
that the students’ attitudes toward a Team-Based Learn-
ing approach may have improved; results of a follow-up 
study will likely evidence fewer responses by students in 
the “mixed opinion” range. For example, our sense is that 
the faculty is more experienced and adept in their abil-
ity to facilitate the Team-Based Learning curriculum and 
that students like the peer feedback more now. Further 
exploration is necessary to confirm our hypothesis. 


 In closing, as medical schools search for teaching/
learning strategies that address the important profession-
al competencies of interpersonal skills, communication, 
teamwork, and the giving and responding to feedback, 
Team-Based Learning should continue to be explored as 
a strategy for promoting the development of these non-
cognitive domains.
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The Impact of Team-Based Learning on
Medical Students’ Academic Performance
Paul G. Koles, MD, Adrienne Stolfi, MSPH, Nicole J. Borges, PhD, Stuart Nelson, PhD,
and Dean X. Parmelee, MD


Abstract


Purpose
Since team-based learning (TBL) was
introduced as a medical education
strategy in 2001, few studies have
explored its impact on learning
outcomes, particularly as measured by
performance on examinations. Educators
considering implementing TBL need
evidence of its effectiveness. This study
was conducted to determine whether
student performance on examinations is
affected by participation in TBL and
whether TBL benefits lower- or higher-
performing students.


Method
The authors analyzed the performance of
second-year medical students on 28


comprehensive course examinations over
two consecutive academic years (2003–
2004, 2004–2005) at the Boonshoft
School of Medicine.


Results
The 178 students (86 men, 92 women)
included in the study achieved 5.9%
(standard deviation [SD] 5.5) higher
mean scores on examination questions
that assessed their knowledge of
pathology-based content learned using
the TBL strategy compared with
questions assessing pathology-based
content learned via other methods (P �
.001, t test). Students whose overall
academic performance placed them in
the lowest quartile of the class benefited


more from TBL than did those in the
highest quartile. Lowest-quartile
students’ mean scores were 7.9% (SD
6.0) higher on examination questions
related to TBL modules than examination
questions not related to TBL modules,
whereas highest-quartile students’ mean
scores were 3.8% (SD 5.4) higher (P �
.001, two-way analysis of variance).


Conclusions
Medical students’ higher performance on
examination questions related to course
content learned through TBL suggests
that TBL enhances mastery of course
content. Students in the lowest academic
quartile may benefit more than highest-
quartile students from the TBL strategy.


Preclinical medical education is
increasingly impaled on the horns of a
curricular dilemma. While the volume
of biomedical knowledge increases
relentlessly, faculty–student contact


hours cannot be expanded in parallel. To
address this dilemma, educators rely
increasingly on textbooks, syllabi,
electronic resources, and Web-based
units of study that organize essential
knowledge into accessible formats for
independent learning outside class.1,2 As
students acclimate to these learning tools,
faculty may reduce hours previously
reserved for lecture presentations,
making face-to-face time more available
for active teaching and learning strategies
that engage learners and faculty in
thoughtful dialogue and focus on
application rather than acquisition of
knowledge.


Problem-based learning (PBL), one
such active learning method, has
demonstrated its usefulness in
undergraduate medical education during
the past 40 years.3 PBL seems to be
adaptable to changing curricular
priorities. It was introduced as the
primary learning strategy at McMaster
University in 1969 and has survived two
major revisions of the curriculum.4 In
terms of outcomes, researchers have
shown that medical students enrolled in a
PBL curriculum demonstrate academic
performance similar to students in a
traditional lecture-based curriculum, as


measured by scores on United States
Medical Licensing Examinations during a
seven-year period.5


Team-based learning (TBL), which was
introduced at Baylor College of Medicine
in 2001, has a much shorter track record
than PBL in medical education.6,7


Designed as an active learning strategy,
TBL is learner-centered but instructor-
led. It fosters individual and group
accountability as small groups of students
work together to answer questions.8


TBL employs a structured three-phase
sequence: (1) preparation, during which
learners study an advance assignment
defined by faculty, (2) readiness
assurance, where learners demonstrate
knowledge through individual and group
readiness assurance tests (RATs), and (3)
application, when learners apply course
concepts to problem-solving exercises
designed by faculty and analyzed by
teams.9


TBL’s strategic sequence, when repeated
multiple times during a course or
academic term, encourages conscientious
individual preparation while developing
teams into cohesive learning groups.
Faculty motivate students to thoroughly
study the advance assignment by writing
questions that assess mastery of critical
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concepts in that assignment. These
questions comprise the individual
readiness assurance test (IRAT) and
group readiness assurance test (GRAT).
Both tests contain identical multiple-
choice questions which are answered first
by individual students, then by teams of
five to seven students working together.
Throughout the application phase, teams
again collaborate to answer multiple-
choice questions. During the readiness
assurance and application phases, all
teams simultaneously reveal their choices
to the entire class.


TBL provides frequent opportunities for
peers to enhance learning, as teammates
talk and listen to one another to arrive at
consensus decisions. Faculty invite teams
to explain and support their choices
publicly, and facilitate as teams debate
justification for the best decision. Ideally,
application questions require students to
engage in critical thinking, rather than to
merely retrieve relevant knowledge. Well-
crafted application questions motivate
teams to “make a concrete decision based
on analysis of a complex issue.”10(p41)


Faculty often observe considerable energy
and engagement of students during intra-
and interteam discussions. Still, beyond
the prospect of lively debate, an
important question remains for
educators: How effectively does TBL
promote medical students’ learning?


Since TBL was introduced into medical
education, few studies have correlated
use of the method with students’
performance on examinations,
particularly objective examinations that
rely on multiple-choice questions to
measure learning. Nieder and
colleagues11 showed no change in mean
course examination performance
compared with performance in years
before TBL was used, but the use of TBL
resulted in fewer students failing a
human structure course. Levine and
coinvestigators12 found that third-year
students in a psychiatry clerkship after
TBL was implemented demonstrated
significantly higher performance than did
earlier cohorts on a National Board of
Medical Examiners psychiatry subject
exam. More recently, Letassy and
colleagues13 reported that pharmacy
students in an endocrine module
achieved higher course grades after TBL
replaced a lecture-based curriculum. A
prospective study in 2002–2003 at the
Boonshoft School of Medicine14 showed


no significant differences in performance
by cohorts of second-year students on
comprehensive course examinations
(CCEs), regardless of whether they
experienced TBL or case-based group
discussion as a primary active learning
method. However, both faculty and
students in that study noted that TBL’s
emphasis on individual preparation and
peer-to-peer teaching seemed to enhance
learning. The decreased failure rate
observed in Nieder and colleagues’11


study suggests that academically weaker
students may benefit from TBL. This
observation motivated us to investigate
the effects of TBL on students across
the full range of academic ability.
Accordingly, we decided to examine
learning outcomes for entire classes of
students at the Boonshoft School of
Medicine and for subgroups of students
at both ends of the academic
performance spectrum.


Educators who are considering
implementing TBL into their curricula
need objective evidence from studies that
examine the impact of TBL on the
learning outcomes of medical students.
Given the small amount of such
literature, the mixed results of previous
studies of academic outcomes, and our
own accumulated experience with TBL,
we were guided in this study by two
questions: (1) Does participation in TBL
affect students’ performance on
course examinations? (2) Does TBL
preferentially benefit academically lower-
or higher-performing students? We
formulated two hypotheses: (1) Students
will perform better on multiple-choice
course examination questions if those
questions are conceptually related to an
advance assignment for a TBL module or
to a TBL application exercise in that
course, and (2) students whose academic
performance places them in the lowest
quartile of the class will benefit more
from the TBL experience than will
students in the highest academic quartile,
as shown by comparison of each
quartile’s performance on examination
questions.


This study’s design differs from previous
studies of TBL’s effectiveness in health
professions education in an important
way: Instead of comparing performance
between different groups of learners
in consecutive course iterations, we
analyzed students’ performance within
an academic year. This research design


decreases the confounding variables
introduced by differences in academic
ability between cohorts of students,
changes in the roster of faculty and their
teaching effectiveness, adjustments in
course content or instructional methods,
and variations in content or difficulty of
examination questions. In this two-year
study, students in each year’s cohort
experienced the same composite of
teaching faculty, educational strategies,
course content, and multiple-choice
examination questions.


Method


We examined the performance of
second-year medical students on 28
major examinations over two consecutive
academic years (2003–2004 and 2004 –
2005) at the Boonshoft School of
Medicine. This study was deemed exempt
by Wright State University’s institutional
review board.


Boonshoft’s second-year curriculum


Boonshoft’s systems-based second-year
curriculum consisted of 10 courses
(divided between two terms)
emphasizing foundational knowledge of
physiology, pathology, and pharmacology
applicable to clinical medicine. The
sequence and content of these courses
remained essentially stable over the study
period. Teaching methods included
lecture, laboratory exercises, clinical case
discussions, independent study modules,
and TBL modules; lecture was the
method faculty used most frequently, but
all classes included TBL modules. In all
courses, students were primarily assessed
via CCEs composed of multiple-choice
questions and accounting for 80%
to 95% of the overall course grade.
Individual and group performance
scores in TBL modules, including peer
evaluations, accounted for 5% to 15% of
the overall course grade. Three courses
(neuroscience, blood, and respiratory)
used additional graded assessments,
accounting for �10% of the final course
grade. Table 1 summarizes the academic
terms, courses, CCEs, and TBL modules
included in the study.


Teams of five to seven students were
formed by random sorting at the
beginning of the academic year; students
remained on the same teams throughout
all 10 courses. For TBL modules, advance
assignments included readings from
textbooks or journal articles, as well as
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independent study tools created by
faculty. About 60% of TBL modules’
advance assignments included review of
lecture content. Each module’s RAT and
application exercise were created by a
faculty content expert and edited by at
least one other member of the faculty.
(A representative application exercise has
been published elsewhere.15) TBL
sessions were usually two hours long (40
minutes for RATs, 80 minutes for the
application exercise) and facilitated by
two members of the faculty, one of whom
had created the module.


Multiple-choice questions for CCEs were
authored and edited by numerous faculty
representing multiple disciplines, in an
attempt to create examinations that


assessed an integrated understanding of
physiology, pathology, pharmacology,
and clinical decision making. Two of the
authors of this article (P.K. and S.N.)
wrote approximately 50% of the
pathology-based CCE questions; the rest
were written by other pathology faculty
members and edited by P.K. or S.N.
Questions that were used in TBL modules
did not appear on CCEs.


Data analysis


Without knowledge of students’
performance on individual questions, we
retrospectively analyzed all CCE
questions on the 28 examinations
students took over the study period to
determine which questions required
knowledge of pathology course content


to answer the question correctly. We
identified these CCE questions as
pathology-based questions (PBQs). We
limited our study to PBQs because
selection could be guided by two authors’
area of expertise. PBQs were further
divided into two subgroups by the author
(P.K.) who designed or edited many of
the TBL modules; he remained blinded to
students’ performance. One subgroup,
designated TBL-related PBQs (TRs),
contained questions that assessed
knowledge included in a TBL module’s
advance assignment or discussed during a
TBL application exercise. The second
group, designated TBL-unrelated PBQs
(TUs), consisted of questions that were
conceptually unrelated to any TBL
module’s content.


Table 1
Courses, Comprehensive Course Examinations (CCEs), and Team-Based Learning
(TBL) Modules for the Second-Year Medical School Curriculum at Boonshoft
School of Medicine, 2003–2005*


Term and course No. of weeks Year No. of CCEs TBL modules: Topic (total no.)


Term 1
...................................................................................................................................................................................................................................................................................................................


Pathobiology and Therapeutics† 3 2003 2 Inflammation, genetic disorders, immune
disorders, autonomic pharmacology (4)


.......................................................................................................................................................................
2004 2 Inflammation, immune disorders,


autonomic pharmacology (3)
...................................................................................................................................................................................................................................................................................................................


Neuroscience 8 2003 3 Vascular disorders, central nervous system
neoplasms, neurologic localization parts 1
and 2, neurodegenerative disorders (5)


.......................................................................................................................................................................
2004 4 Vascular disorders, central nervous system


infections, neurologic localization,
neurodegenerative disorders (4)


...................................................................................................................................................................................................................................................................................................................
Blood 2 2003 1 Peripheral blood cell interpretation (1)


.......................................................................................................................................................................
2004 1 Peripheral blood cell interpretation (1)


...................................................................................................................................................................................................................................................................................................................
Musculoskeletal and Skin 2 2003 1 Skin cancer (1)


.......................................................................................................................................................................
2004 1 Skin cancer (1)


Term 2
...................................................................................................................................................................................................................................................................................................................


Cardiovascular 4 2004 1 ECG interpretation, cardiac pathology (2)
.......................................................................................................................................................................
2005 2 ECG interpretation, cardiac pathology,


cardiovascular autonomic pharmacology (3)
...................................................................................................................................................................................................................................................................................................................


Respiratory 3 2004 1 Acute respiratory distress syndrome (1)
.......................................................................................................................................................................
2005 1 Asthma (1)


...................................................................................................................................................................................................................................................................................................................
Renal 3 2004 1 Urinalysis (1)


.......................................................................................................................................................................
2005 1 Urinalysis (1)


...................................................................................................................................................................................................................................................................................................................
Endocrine 2 2004 1 Multiple endocrine neoplasia (1)


.......................................................................................................................................................................
2005 1 Autoimmune polyendocrine syndrome (1)


...................................................................................................................................................................................................................................................................................................................
Reproduction 2 2004 1 Breast neoplasia (1)


.......................................................................................................................................................................
2005 1 Breast neoplasia (1)


...................................................................................................................................................................................................................................................................................................................
Gastrointestinal 2 2004 1 Liver disease (1)


.......................................................................................................................................................................
2005 1 Liver disease (1)


* Students’ performance was assessed in 10 courses per year. Over the two years of the study, a total of 28 CCEs
were administered and 35 TBL modules were used. ECG indicates electrocardiogram.


† This course covered general pathology and principles of pharmacology.
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We recorded every student’s answer for
each PBQ as 1 (correct) or 0 (incorrect)
in an Excel spreadsheet. Only students
who achieved scores in all CCEs and TBL
modules for the entire academic year
were included in our data analysis. The
discrimination index of each PBQ was
obtained from CCE item analysis as a
useful indicator of question quality, and
we calculated mean discrimination
indices for TRs and TUs. We identified
difficulty values for each PBQ
(proportion of students answering that
question correctly). We determined mean
difficulty values and reported these as
mean scores for TRs and TUs.


We compared the performance of all
students on TRs versus TUs for all


courses combined, as well as for term 1
and term 2 courses separately, with
paired t tests. We retrospectively
classified students into four academic
quartiles within their respective classes,
based on cumulative performance on
all graded assessments for the entire
academic year, which allowed us to
conduct discrete analysis of performance
by the highest and lowest quartiles. We
compared the performance of highest
versus lowest academic quartiles on TRs
versus TUs with a two-way analysis of
variance (ANOVA), with quartile as an
independent factor and question type as a
repeated-measures factor. Scores are
presented as mean percentage correct
(standard deviation [SD]). We


considered P values �.05 to be
statistically significant.


Results


Retrospective analysis of all multiple-
choice questions from 28 CCEs produced
705 PBQs. These 705 PBQs accounted for
26.4% of all CCE questions during our
two-year study (Table 2). Further
classification of those 705 PBQs yielded
243 TRs (34.5%) and 462 TUs (65.5%).


Of the 186 second-year medical students
who began the two academic years, 178
(95.7%) completed all CCEs and TBL
modules (86 men, 92 women, mean age
25.3 years). We analyzed the performance
of 91 students in academic year 2003–
2004 and 87 students in academic year
2004 –2005, yielding 62,715 unique data
points [(91 students � 345 questions) �
(87 students � 360 questions)]. Scores
for the 178 students included in this
study are summarized in Table 3.


For both years combined, 178 students
correctly answered 83.6% (SD 6.1) of TRs
and 77.7% (SD 6.9) of TUs, achieving
mean scores 5.9% (SD 5.5) higher on TRs
(P � .001, t test) (Table 3). Similar
results were observed when analyzing
subgroups of term 1 or term 2 PBQs. For
term 1 PBQs, students scored 4.8% (SD
7.0) higher on TRs than TUs (P � .001).
A somewhat greater difference was
observed for term 2, as students achieved
7.0% (SD 6.9) higher scores on TRs than
TUs (P � .001). The mean discrimination
index of TUs was slightly higher than
TRs: 0.22 (TU) versus 0.20 (TR). This
small difference is not surprising,


Table 2
Classification of Comprehensive Course Examination (CCE) Questions:
Relationship to Course Content in Pathology and Team-Based Learning (TBL)
Modules, Second-Year Curriculum, Boonshoft School of Medicine, 2003–2005*


Period
No. of


CCEs
No. of


TBL modules
Total no. of


CCE questions
PBQs: No.


(% of total)
TRs: No.


(% of PBQs)
TUs: No.


(% of PBQs)


Academic year 2003–2004
...................................................................................................................................................................................................................................................................................................................


2003, term 1 7 11 670 204 (30.4) 62 (30.4) 142 (69.6)
...................................................................................................................................................................................................................................................................................................................


2004, term 2 6 7 620 141 (22.7) 52 (36.9) 89 (63.1)


Academic year 2004–2005
...................................................................................................................................................................................................................................................................................................................


2004, term 1 8 9 737 190 (25.8) 65 (34.2) 125 (65.8)
...................................................................................................................................................................................................................................................................................................................


2005, term 2 7 8 640 170 (26.6) 64 (37.6) 106 (62.4)


Total
...................................................................................................................................................................................................................................................................................................................


2 years, 4 terms 28 35 2,667 705 (26.4) 243 (34.5) 462 (65.5)


* PBQ indicates pathology-based exam question; TR, TBL-related PBQ; TU, TBL-unrelated PBQ.


Table 3
Comparison of the Performance of 178 Second-Year Medical Students on
Pathology-Based Exam Questions (PBQs), Boonshoft School of Medicine,
2003–2005*


Score


Group of PBQs
No. of


questions
DI: Mean


(SD)
Mean %


(SD) Range % P value†


All CCEs
.........................................................................................................................................................................................................


TR 243 0.20 (0.12) 83.6 (6.1) 64.0–96.1 �.001
.........................................................................................................................................................................................................


TU 462 0.22 (0.13) 77.7 (6.9) 59.7–91.3


Term 1 CCEs
.........................................................................................................................................................................................................


TR 127 0.20 (0.12) 82.3 (7.3) 59.7–98.5 �.001
.........................................................................................................................................................................................................


TU 267 0.22 (0.14) 77.5 (7.2) 60.0–93.6


Term 2 CCEs
.........................................................................................................................................................................................................


TR 116 0.20 (0.13) 85.0 (7.0) 51.9–100.0 �.001
.........................................................................................................................................................................................................


TU 195 0.22 (0.13) 78.0 (7.7) 57.3–96.2


* CCE indicates comprehensive course examination; DI, discrimination index; TR, TBL-related PBQ; TU, TBL-
unrelated PBQ.


† The P value compares TR versus TU scores.
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considering that discrimination index is
related to the difficulty of a test question,
and students correctly answered TRs
more often than TUs.


Analysis of students’ performance by
academic quartiles (Table 4) revealed that
students in both the highest (n � 45)
and lowest (n � 45) quartiles scored
significantly higher on TRs compared
with TUs (P � .001). Highest-quartile
students achieved 3.8% (SD 5.4) higher
scores on TRs, whereas lowest-quartile
students scored 7.9% (SD 6.0) higher
on TRs. Thus, the magnitude of the
difference between TR and TU scores was
greater in the lowest quartile compared
with the highest quartile (P � .001, two-
way ANOVA interaction).


Discussion and Conclusions


To the best of our knowledge, this is the
first study in medical education
demonstrating that TBL provides a larger
learning benefit for lower-achieving
students compared with higher-
achieving students. Nevertheless,
higher-achieving students also showed
improved performance on comprehensive
examinations, probably due to a
combination of thorough study of the
advance assignment and enhancement of
personal knowledge through interaction
with peers and faculty. Overall, students in
two consecutive second-year classes
demonstrated significantly higher
performance on PBQs related to course
content learned via TBL modules. In our
opinion, a 5.9% higher mean score is large
enough to be meaningful for educators and
learners whose common goal is


achievement of learning objectives. We
believe that these outcomes are especially
encouraging to faculty who are considering
TBL but are concerned about mastery of
course content. Students’ improved
performance across the board, and
particularly among the lowest-quartile
performers, may reduce the failure rate on
criterion-based examinations.


Our findings support both our
hypotheses, suggesting that TBL has a
positive impact on students’ learning.
Knowing that the IRAT will be
administered at the beginning of a TBL
session motivates students to prepare well
by attempting to independently master
knowledge contained in the advance
assignment. Gaps and deficiencies in
understanding are improved as peers
explain to their teammates why they
favor specific answers to questions as the
group works toward consensus for the
GRAT. Revealing all groups’ answers
simultaneously allows faculty to see
which questions were not answered
correctly by all teams. Faculty are then
able to direct the ensuing discussion
toward clarifying any difficult concepts
that the GRAT showed were not well
understood or were mastered
incompletely. The culminating
application exercises challenge each team
to use their aggregate knowledge as they
wrestle with faculty-designed problems.
Teams must analyze information and
negotiate to achieve consensus within a
short time. After teams reveal their
decisions, the intergroup discussion
requires teams to explain to the class the
evidence and reasoning that support their
conclusions. As teams perceive how their


conclusions compare with others’, faculty
may further explore and extend the
interpretations verbalized by learners.


TBL’s sequential strategy motivates
learners to go beyond mere mastery of
essential facts. A well-crafted application
exercise requires teams to apply
knowledge to realistic situations, such as
deciding which pathogenesis, diagnosis,
or treatment is most likely or most
appropriate for a particular patient. The
process of arriving at consensus demands
that students develop and demonstrate
listening, teaching, and vigorous
negotiation skills. The interteam
discussion that follows provides every
team with immediate comparative
feedback regarding its conclusions. By
deliberating over best answers within
teams, and defending those answers to
peers and faculty, students become
engaged in learning why a particular
choice is most appropriate. In describing
the kinds of activities that enhance
long-term learning, Frank Smith16(p87)


argues that “we can only learn from
activities that are interesting and
comprehensible to us; in other words,
activities that are satisfying. If this is not
the case, only inefficient rote learning, or
memorization, is available to us and
forgetting is inevitable.” Medical
students’ higher performance on
examination questions related to course
content learned with the benefit of a TBL
module suggests that TBL enhances
mastery and retention of course content,
at least over the duration of a single
course.


The larger beneficial effect on
examination performance for lowest-
quartile students compared with highest-
quartile students correlates with TBL’s
strategy. Pointed exchange among peers
during the GRAT and application
exercises, combined with faculty
management of the interteam
discussions, may be viewed as an
orchestrated learning laboratory that
helps students achieve a baseline of
knowledge. Because peers are teaching
each other while arriving at consensus
answers, it seems reasonable that learning
gains are likely to be greater for those
who have less content mastery at the start
of a TBL session. We have observed that
no burdensome duty is placed on higher-
performing students who begin the
readiness assurance phase with a better


Table 4
Performance of Second-Year Medical Students in the Highest Academic Quartile
(n � 45) Versus Those in the Lowest Academic Quartile (n � 45) on Pathology-
Based Examination Questions (PBQs), Boonshoft School of Medicine, 2003–2005*


Academic quartile and
group of PBQ


Score on all exams Difference in scores†


Mean % (SD) Range % Mean % (SD) Range %


Highest quartile
.........................................................................................................................................................................................................


TR 89.3 (4.0) 80.6 to 96.1 3.8 (5.4)‡ �7.7 to 13.3
.........................................................................................................................................................................................................


TU 85.5 (3.2) 78.8 to 91.3


Lowest quartile
.........................................................................................................................................................................................................


TR 77.5 (5.8) 64.0 to 86.8 7.9 (6.0)‡ �5.1 to 20.6
.........................................................................................................................................................................................................


TU 69.6 (4.5) 59.7 to 77.5


* TBL, team-based learning; TR, TBL-related PBQ; TU, TBL-unrelated PBQ.
† TR versus TU scores.
‡ P � .001 for two-way ANOVA interaction comparing the difference in mean scores on TR and TU questions for


highest- versus lowest-quartile students.
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grasp of the advance assignment. Well-
prepared students clarify their own
knowledge by verbalizing and negotiating
with peers, are rewarded with grades for
their individual and team efforts, and
spend no additional time accomplishing
these tasks beyond the live session.
However, students who arrive less
prepared are not just enriched by their
teammates’ knowledge and critical
thinking skills. They are also motivated
by two factors to prepare more
thoroughly for future sessions: the desire
to achieve a better grade on the IRAT,
and their peers’ expectations that they
will make valuable contributions to
intrateam discussions. Peer influence,
expressed through intragroup teaching
and social pressure to prepare well, assists
the academically challenged student in
mastering course content.17


Effective implementation of TBL enables
students who are academically “at risk”
to learn significant portions of course
content before CCEs, resulting in
improved performance on those
examinations. Other educational
strategies, such as peer tutoring, have
been shown in the literature to improve
academic performance in health
professions education.18 Peer tutoring,
however, requires significant time
commitments outside class. TBL benefits
the at-risk student within the confines of
class time, using the combined efforts of
faculty and peers to promote learning.


Several limitations of this study’s design
and conclusions are apparent. First,
because two authors’ (P.K. and S.N.)
content expertise is limited to pathology,
we did not analyze performance on
examination questions unrelated to
pathology. Accordingly, our conclusions
about TBL-related learning benefits
may not apply to other medical science
disciplines. Second, the argument
could be made that any type of active
educational strategy might enhance
students’ performance on examinations.
Our findings may represent only the
effect of dedicated class time rather
than benefits of the TBL strategy. A
prospective study comparing TBL with
another active learning method in a
single cohort of students is required to
address that argument. Third, we
recognize that using one person to
categorize questions as TBL related may
have introduced an unmeasured error.
Fourth, we must consider the effect of


excluding 8/186 students (4.3% of the
sample) because of incomplete exam
data. Of these 8 students, 3 had
acceptable academic standing and 5 were
failing (the cumulative exam average of
the latter group was �70%). We doubt
that excluding only 4.3% significantly
affects the whole group’s mean TR and
TU scores. However, exclusion of the 5
failing students (2.7% of the sample)
alters the composition of the lowest
quartile more than the highest quartile of
students, so our data comparing quartile
performances may be biased by their
exclusion. Finally, and perhaps the most
important limitation, examination
performance was measured within four
weeks after content-related TBL modules.
Therefore, our results show benefits for
relatively short-term learning.


Another concern is that systematic
differences between TRs and TUs may
have influenced results. Our design relies
on difficulty value as the outcome
measurement; that is, mean scores are
equivalent to mean difficulty value.
Therefore, we considered factors other
than difficulty value to compare TRs with
TUs. The difficulty of a multiple-choice
question may be affected by structural
features; a poorly written question
introduces “artificial difficulty” that may
affect students’ performance.19 Structural
features include format, wording,
complexity of the stem, and the number
of distracters. Two observations are
pertinent to address this concern. First,
we analyzed large numbers of questions
in each group (TU and TR), increasing
the probability that a similar range of
formats was included in each group.
Second, because all of the TUs and TRs
that we analyzed were written or edited
by two of this study’s authors (P.K. and
S.N.), structural features are likely to be
similar in both groups. We also
compared questions using the
discrimination index, a useful
measurement of item quality that reflects
the degree to which a single test question
differentiates between groups of students
who scored well on the entire exam and
those who scored poorly. The mean
discrimination indices were 0.20 for TR
and 0.22 for TU questions, indicating
similar effectiveness in differentiating
between the highest and lowest quartiles
of students. These observations and
results suggest that systematic differences
in TRs versus TUs are unlikely.


More outcome-centered studies of TBL
are needed to provide objective evidence
of this active learning strategy’s
effectiveness in medical education.
Potential benefits for longer-term
learning need to be evaluated, such as
performance on examinations
administered several months after a TBL
module or performance on comprehensive
examinations assessing knowledge
gained from several courses in which
TBL was used. Additionally, a
prospective research design that
compares learning outcomes of
academically similar student cohorts
exposed to the TBL strategy versus
another active learning method could
produce meaningful data.


Acknowledgments: The authors thank Ms. Ife
Shafeek, administrative coordinator of the
Boonshoft School of Medicine’s pathology
department, for managing TBL materials and
grade data with skill and grace. They are also
indebted to Ms. Ruth Paterson and the
academic affairs staff who provided complete
comprehensive course examination data. They
are grateful for the privilege of teaching and
learning with the highly motivated medical
students in the classes of 2006 and 2007.


Funding/Support: None.


Other disclosures: None.


Ethical approval: This study was deemed exempt
by the Wright State University institutional
review board.


References
1 Rawson RE, Quinlan KM. Evaluation of a


computer-based approach to teaching acid/
base physiology. Adv Physiol Educ. 2002;26:
85–97.


2 Temkin B, Acosta E, Malvankar A,
Vaidyanath S. An interactive three-
dimensional virtual body structures system
for anatomical training over the internet. Clin
Anat. 2006;19:267–272.


3 Neville AJ. Problem-based learning and
medical education forty years on. A review
of its effects on knowledge and clinical
performance. Med Princ Pract. 2009;18:1–9.


4 Neville AJ, Norman GR. PBL in the
undergraduate MD program at McMaster
University: Three iterations in three decades.
Acad Med. 2007;82:370 –374.


5 Enarson C, Cariaga-Lo L. Influence of
curriculum type on student performance in
the United States Medical Licensing
Examination Step 1 and Step 2 exams:
Problem-based learning vs. lecture-based
curriculum. Med Educ. 2001;35:1050 –1055.


6 Seidel CL, Richards BF. Application of team
learning in a medical physiology course. Acad
Med. 2001;76:533–534.


7 Haidet P, O’Malley KJ, Richards BF. An
initial experience with team learning in
medical education. Acad Med. 2002;77:
40 –44.


Team-Based Learning


Academic Medicine, Vol. 85, No. 11 / November 20101744







8 Michaelsen LK, Black RH. Building
learning teams: The key to harnessing the
power of small groups in higher education.
In: Kadel S, Keener J, eds. Collaborative
Learning: A Sourcebook for Higher
Education. Vol 2. State College, Pa:
National Center for Teaching, Learning,
and Assessment; 1994.


9 Michaelsen LK, Knight AB, Fink LD, eds.
Team-Based Learning: A Transformative Use
of Small Groups in College Teaching.
Sterling, Va: Stylus Publishing; 2004.


10 Michaelsen LK, Sweet M. Creating effective
team assignments. In: Michaelsen LK,
Parmelee DX, McMahon KK, Levine RE, eds.
Team-Based Learning for Health Professions
Education. Sterling, Va: Stylus Publishing;
2008.


11 Nieder GL, Parmelee DX, Stolfi A, Hudes PD.
Team-based learning in a medical gross
anatomy and embryology course. Clin Anat.
2005;18:56 –63.


12 Levine RE, O’Boyle M, Haidet P, et al.
Transforming a clinical clerkship with team
learning. Teach Learn Med. 2004;16:270 –275.


13 Letassy NA, Fugate SE, Medina MS, Stroup
JS, Britton ML. Using team-based learning in
an endocrine module taught across two
campuses. Am J Pharm Educ. 2008;72:1–6.


14 Koles P, Nelson S, Stolfi A, Parmelee D,
DeStephen D. Active learning in a year 2
pathology curriculum. Med Educ. 2005;39:
1045–1055.


15 Nelson S, Koles P, Bierke-Nelson D. Down
Syndrome: A Multidisciplinary Interactive
Team-Based Learning Exercise. Available at:


www.aamc.org/mededportal. ID 248.
Accessed August 9, 2010.


16 Smith F. The Book of Learning and
Forgetting. New York, NY: Teacher’s College
Press; 1998.


17 Michaelsen LK, Sweet M. Fundamental
principles and practices of team-based learning.
In: Michaelsen LK, Parmelee DX, McMahon
KK, Levine RE, eds. Team-
Based Learning for Health Professions
Education. Sterling, Va: Stylus Publishing; 2008.


18 Santee J, Garavalia L. Peer tutoring programs
in health professions schools. Am J Pharm
Educ. 2006;70:1–10.


19 Collins J. Writing multiple-choice questions
for continuing medical education activities
and self-assessment modules. Radiographics.
2006;26:543–551.


Team-Based Learning


Academic Medicine, Vol. 85, No. 11 / November 2010 1745



www.aamc.org/mededportal





Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=imte20


Medical Teacher


ISSN: 0142-159X (Print) 1466-187X (Online) Journal homepage: https://www.tandfonline.com/loi/imte20


Team-based learning: A practical guide: AMEE
Guide No. 65


Dean Parmelee, Larry K. Michaelsen, Sandy Cook & Patricia D. Hudes


To cite this article: Dean Parmelee, Larry K. Michaelsen, Sandy Cook & Patricia D. Hudes (2012)
Team-based learning: A practical guide: AMEE Guide No. 65, Medical Teacher, 34:5, e275-e287,
DOI: 10.3109/0142159X.2012.651179


To link to this article:  https://doi.org/10.3109/0142159X.2012.651179


Published online: 04 Apr 2012.


Submit your article to this journal 


Article views: 12559


Citing articles: 124 View citing articles 



https://www.tandfonline.com/action/journalInformation?journalCode=imte20

https://www.tandfonline.com/loi/imte20

https://www.tandfonline.com/action/showCitFormats?doi=10.3109/0142159X.2012.651179

https://doi.org/10.3109/0142159X.2012.651179

https://www.tandfonline.com/action/authorSubmission?journalCode=imte20&show=instructions

https://www.tandfonline.com/action/authorSubmission?journalCode=imte20&show=instructions

https://www.tandfonline.com/doi/citedby/10.3109/0142159X.2012.651179#tabModule

https://www.tandfonline.com/doi/citedby/10.3109/0142159X.2012.651179#tabModule





2012; 34: e275–e287


WEB PAPER
AMEE GUIDE


Team-based learning: A practical guide:
AMEE Guide No. 65


DEAN PARMELEE1, LARRY K. MICHAELSEN2, SANDY COOK3 & PATRICIA D. HUDES1


1Wright State University, USA, 2University of Central Missouri, USA, 3Duke-NUS Graduate Medical School, Singapore


Abstract


Team-based learningTM (TBL) is an instructional strategy developed in the business school environment in the early 1990s by


Dr Michaelsen who wanted the benefits of small group learning within large classes. In 2001, a US federal granting agency awarded


funds for educators in the health sciences to learn about and implement the strategy in their educational programs; TBL was put


forward as one such strategy and as a result it is used in over 60 US and international health science professional schools. TBL is very


different from problem-based learning (PBL) and other small group approaches in that there is no need for multiple faculty or


rooms, students must come prepared to sessions, and individual and small groups of students (teams) are highly accountable for


their contributions to team productivity. The instructor must be a content-expert, but need not have any experience or expertise in


group process to conduct a successful TBL session. Students do not need any specific instruction in teamwork since they learn how


to be collaborative and productive in the process. TBL can replace or complement a lecture-based course or curriculum.


Introduction


What is team-based learning?


Team-based learningTM (TBL) is an active learning and small


group instructional strategy that provides students with


opportunities to apply conceptual knowledge through a


sequence of activities that includes individual work, teamwork


and immediate feedback. It is used with large classes (4100


students) or smaller ones (525 students), incorporating


multiple small groups of 5–7 students each, in a single


classroom. TBL is specifically characterized by three key


components:


. individual advance student preparation;


. individual and team readiness assurance tests (tRATs); and


. the majority of in-class time devoted to decision-based


application assignments done in teams.


TBL is highly learner-centered (yet has critical faculty input)


and uses grading, peer evaluation and immediate feedback to


ensure individual and team accountability to promote learning


and, unlike other group-based instructional approaches, one


content-expert instructor can instruct 20 or more teams.


TBL is used in over 60 US and international health science


professional schools, including medicine, dentistry, veterinary


medicine, nursing, and allied health disciplines, at several


levels of training: undergraduate, postgraduate, and continuing


professional education.


When TBL is conducted correctly, there is little question


that academic outcomes are equivalent or improved in


comparison to either lecture-based formats or more tradi-


tional small group learning models (McKiernan 2003;


Levine et al. 2004; Koles et al. 2005, 2010; Shellenberger


et al. 2009; Zgheib et al. 2010; Thomas & Bowen 2011).


Unlike typical group learning, the high performers do not


suffer – by either having to do all the work or poor performers


dragging their scores down. The process holds everyone


accountable for their own individual work and the individual’s


contribution to their team. The better a team works together,


the better their team and individual scores. Extensive peer


teaching occurs within each team.


Faculty may fear that the team scores mask the under-


performing student. In reality, TBL provides more data, earlier,


about an individual’s weaknesses and permits team members


Practice points


. TBL is a learner-centered, instructor-directed strategy for


small group active learning in large group educational


settings.


. Learners are accountable; expected to prepare outside


of class and collaborate with their team members to


solve authentic problems and make decisions in class.


. Only one content-expert instructor is needed for the


whole class in one room.


. Students learn how to work in teams through the


process of TBL – they do not need additional instruction


nor does the instructor need be a group process expert.


. A backward design, outcomes-based approach is


used to stay focused on what the learners should be


able to do.


. One must use TBL’s key components and follow the


process for TBL to be successful.
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and faculty to provide help long before a summative exam.


In addition, it is not as though individual performance is


mitigated – it is transparent and visible – and the final grade for


a student is derived from both the individual’s and the team’s


performance.


Why the need for this Guide?


The use of TBL in health professions education is rapidly


growing for at least four key reasons: One is that administrators


are pushing for classes to be larger (more revenue) but want


them to be taught in ways that are active, engaging, and


promote positive learning outcomes.


Two other reasons are that accrediting bodies are also


requiring documentation that schools are: (a) employing


‘‘active learning’’ (Liaison Committee on Medical Education


2011) and (b) equipping students with the skills they will need


to work in team-oriented environments (Interprofessional


Education Collaborative Expert Panel 2011).


Finally, faculty are frustrated that fewer and fewer students


attend their lectures (especially in programs where the lectures


are recorded) and students give ‘‘mixed messages’’ about how


they want to learn: ‘‘spoon feed us with detailed lectures and


notes for what is on the exams’’ and/or ‘‘don’t bother to lecture


to us what we can learn online – bring us to class when you


can guide and challenge us to think and solve problems.’’


What is the purpose of this Guide?


While many faculty implementing TBL are using the key


principles and achieving partial or great success, some are


using only ‘‘bits and pieces’’ of the strategy with mixed success


or even failure. With this Guide, we hope to do the following:


. Clarify what TBL is and is not, when and how it should be


used, and which of its components must be done (and how)


for the greatest likelihood of success.


. Entice those who are still lecturing to consider doing


something different and more professionally satisfying


because you get to see the students engage in solving


real-world clinical practice problems – the shift can be


exhilarating.


. Challenge those using problem-based learning (PBL) or


other small group learning activities to either add TBL to


their teaching repertoire or adopt it instead.


. Generate innovative ideas and projects for collaborative


scholarship within the growing learning community of TBL


practitioners.


How was TBL developed?


Michaelsen when a professor of Business at the University of


Oklahoma, developed the TBL strategy in response to


increasing class sizes and his discomfort with lecturing and


not knowing if, what, or how his students were thinking during


his presentations. In addition, he feared that if students did not


have regular opportunities in class to struggle with the kinds of


problems they would face in the business world, the classes


would be a waste of time.


How has TBL evolved?


During the 1990s, in the USA, TBL became known and


practiced in undergraduate (college-level) business schools and


within other disciples in undergraduate settings. In 2001, the US


Department of Education Fund for the Improvement of


Postsecondary Education provided funding to the Baylor


Medical College in Texas to promote TBL in health professions


education through faculty development workshops, symposia


and the scholarship of teaching and learning. This grant


spawned the adoption of TBL at many US and international


medical, nursing, veterinary, dentistry, and allied health schools


over the next several years, though the amount of its use at each


institution varies considerably (Thompson et al. 2007a, b). The


grant also supported the creation of the TBL Collaborative – a


broad-based, mostly higher education, consortium that has a


resource-rich website (www.teambasedlearning.org), sponsors


an annual meeting with international attendance, qualifies


faculty members to conduct workshops in TBL, and promotes


scholarship on its efficacy, best-practices, and innovations.


What are the essential components
of TBL?


We have divided this section into two parts:


. Part 1: focuses on what learners will experience in a TBL


session.


. Part 2: is a step-by-step set of recommendations for


instructors on how to construct and deliver a TBL module.


Part 1: What does the learner experience?


TBL’s sequence of steps is Forward Thinking; guiding students


into thinking progressively and gaining the ability to look


beyond the ‘‘now’’ and constantly asking, ‘‘what’s next?’’


TBL sequences the learning process for the students


through the following steps, as visualized in Figure 1.


Students’ perspective


TBL recurring steps


Step 1 – Advance assignment.


Out-of-class/individual. Students receive a list of learning activ-


ities, accompanied by a set of learning goals. Students study


materials in preparation for the TBL session. Learning activities


may include readings, videos, labs, tutorials, lectures, etc.


Step 2 – Individual readiness assurance test.


In-class/individual. Each individual student completes a set


(10–20) of multiple-choice questions (MCQs) that focus on the


concepts they need to master in order to be able to solve the


Team Application (tAPP) problems.


Step 3 – Team readiness assurance test.


In-class/team. This is the same set of questions that each


student has answered individually! But, now the team must


answer them through a consensus-building discussion.


There must be a mechanism so that the team knows as-


D. Parmelee et al.


e276







immediately-as-possible whether or not they have selected the


correct answers because they need this immediate feedback to


help them improve their decision-making process.


Step 4 – Instructor clarification review.


In-class/instructor. Students are given clarification from the


instructor on the concepts they have been struggling with


during the tRAT. At the end of the Clarification Review,


students should feel confident that they are adequately


prepared to solve more complex problems for the next TBL


step: the Team Application.


Step 5 – tAPP – Team application.


In-class/team. This is the most important step! Students, in


teams, are presented with a scenario/vignette that is similar to


the type of problem that they will be grappling with in their


careers. They are challenged to make interpretations, calcula-


tions, predictions, analyses, synthesis of given information and


make a specific choice from a range of options, post their


choice when other teams post theirs, then explain or defend


their choice to the class if asked to do so.


The tAPP’s structure follows the 4 S’s principles:


. Significant problem. Students solve problems that are as


realistic as possible. Problems must authentically represent


the type of problem that the students are about to face in


the workplace or are foundational to the next level of study.


The answers must not be able to be found in any source


(internet, textbook), but can only be discerned through in-


depth discussion, debate, dialogue within a team.


. Same problem. Every team works on the same problem at the


same time. Ideally, different teams will select different


options for answers.


. Specific choice. Each team must make a specific choice


through their intra-team discussion. They should never be


asked to produce a lengthy document. Teams should be


able to display their choice easily so that all teams can see it.


. Simultaneous report. When it is time for teams to display


their specific choices to a particular question, they do so at


the same time. This way, everyone gets immediate feedback


on where they might stand in the posting and they are then


accountable to explain and defend their decision.


Step 6 – Appeal.


Out-of-class/team. A team may request that the instructor


consider an alternative answer to the one designated as ‘‘best.’’


The team must either provide a clear and usable re-write of the


question if they think it was poorly worded, or a rationale with


references as to why their choice was as good as the ‘‘best’’


chosen by the instructor. Only a team that takes the steps to write


an Appeal is eligible to receive credit for a particular question.


TBL non-recurring steps


Orientation.


Out-of-class/in-class/individual/team. Students read a brief


article about TBL, out-of-class, in preparation for the orienta-


tion session, or the course syllabus as the first Advance


Assignment. In-class, students take an individual readiness


assurance test (iRAT) individually, followed by a tRAT in teams


Figure 1. TBL steps – students’ perspective.
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and then the tAPP that covers the essential principles of TBL.


The instructor clarifies TBL concepts, including how TBL is


different from students’ previous learning group experiences.


Peer evaluation.


Out-of-class/individual. Each student must evaluate each of


his/her teammates on their contributions to the team’s success


and their own learning. It is best if there is both a quantitative


and a qualitative component in which they get practice with


framing constructive feedback to one another. It should be


done anonymously, but team members are encouraged to


speak directly to one another in providing feedback.


Student Quotes. For the purpose of this Guide and to bring


the students in perspective, we think the best way to convey


their experience is using a representative sample of quotes


from course evaluations and urge instructors/readers to ask


themselves the question:


Are these things that I’d like to have my students say


about their experience in my course?


First, we share three quotes that reflect common but, quite


different, themes related to students’ overall experience in a


well-designed and managed TBL course:


. ‘‘I detest group work. Always have. But, this is different.


Everybody is accountable.’’


. ‘‘I learned more from my peers than I could have learned


from the professor. We argued a lot and this was a good


thing.’’


. ‘‘Instead of being tested on minutia, the Application


questions forced us to really understand and apply all


those details.’’


Next, we share several representative quotes about each of


the three major components of TBL. Again, we urge instructors


to ask themselves, ‘‘How would I feel if students felt this way


about the things they are learning from each of the major


components of the teaching strategy that I’ve been using?’’


Advance assignment.


‘‘The advance assignment states what has to be


mastered before each TBL session, and it is pretty


specific, like ‘‘Review the three lectures on Liver


Anatomy & Physiology plus read Chapter 14 in


Robbins.’’ In addition, I make a checklist from the


objectives for that session so that I’m pretty sure I


know what I need to know. We’ve all learned that


the more effort you put in on the front end of a TBL


session, the more you get out of it. It’s a ton of work


if you do it right. Our team does not meet outside of


class to prepare, but some do. It’s nice that a team


does not have to meet outside of class since that can


be such a hassle. But, we made a commitment early


on to always come prepared.’’


Readiness assurance process.


‘‘The first time I took an iRAT, I got creamed. I


thought just a good skimming of the material, like


you do for a lecture, was all that was necessary. The


questions were right out of the assignments, but they


were hard and more detailed than I imagined. Ouch.


In my team, a couple of us were not well prepared,


and it was embarrassing; we had to admit it to our


teammates. The others were on top of the material


and had even read more than assigned. Scary. It


didn’t happen again to me because I learned how


much work was needed to come to class ready.


After the iRAT, that first time, we went through each


question as a team, voting for which one was best,


then selecting based on the majority vote. We were


doing the IF-AT scratch-off form (see explanation


later), something none of us had ever done before,


and we did not do as well as many of the other teams


in the class. It was nice to be able to scratch again if


we got one wrong, but, we learned that to get more


of them right on the first scratch, you really have to


achieve a consensus – and this means really talking


through the questions and the options carefully.


Voting is a risky short cut. As the semester wore on,


we voted less and less, argued more and more to be


sure our team was heading for the top.


When we felt strongly about one of our selections,


and it was wrong by the scratch-off form, we could


bring it up for a whole class discussion, hoping for


the instructor to say ‘‘You’re right. That’s a great


explanation; I may accept this is a correct answer as


well.’’ Usually, the teacher would get another team to


say what they heard as wrong with our position.


There were some pretty heated discussions around


the RAT questions and it was a nice feeling when the


teacher granted an appeal.


The single best thing about the RAT is that you know


whether or not you are getting the content down –


always important when you think about the boards!


Besides, if you don’t get it down well, you become


lost on the Team Application questions because they


are so much harder. The single worst thing about the


RAT is if the questions are poorly written and do not


link to the Advance Assignment, then we all get


frustrated and mad. Fortunately, our instructor


always took time before moving on to the Team


Application to let us know what we still needed to


think about and study further.’’


Team application.


‘‘This part of TBL makes or breaks the experience.


We like it best when:


. there’s a time limit. Please don’t keep us in a room


more than 2� hours, 3 at a real max;


. the instructor keeps the whole class discussion/


defense of answers moving along – sometimes,


people can drone on;


. the case scenario feels real to us, and the questions are


about important things – we can tell! When it’s over,
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we have to leave the room feeling that we learned how


to think better about the topic. Amazingly, on these


really hard ones, there were always a couple of teams


that figured out the best choice and had perfect


explanations!


. Here again having the ability to appeal an instructor


decision is good; twice we appealed with excellent


documentation and got the points with a compliment!


The hardest thing about the Team Application?


Sometimes, we were expected to know some clinical


thinking that we just weren’t ready for, but, if the


instructor explained it well in the wrap-up, then we


felt we were stretched, but we learned.


The other hard thing was being called upon to stand


up and speak for the team. Many of us had fears of


public speaking, but the rule was that the instructor


would always select randomly someone by name


from a team to explain the team’s decision. So, you


had to always get yourself prepared to do the


explaining: you could not expect the good speaker in


the team to do it.’’


Part 2: What does the instructor have to do?


The instructor must create a TBL module in the reverse order,


using a process called Backward Design (Wiggins & McTight


1998): a three-stage design process that delays the planning of


teaching and learning activities until clear and meaningful


learning goals have been defined and feedback and assess-


ment activities designed (Figure 2).


Figure 3 demonstrates the steps to design an effective TBL


module.


Instructor’s perspective


TBL recurring steps


Step 1 – Situational factors and learning goals. Identify


important Situational Factors, e.g., students’ prior knowledge.


Then, write clear, specific and meaningful Learning Goals that


answer the question ‘‘What do I want my students to be able to


do at the end of the session that they could not do before?’’ Be


specific with exactly how well you want them to master this –


use action verbs such as identify, list, explain, calculate,


compare, analyze, etc.


Step 2 – tAPP – Team application. After you have established


learning goals for your TBL session, you need to create or find


a problem case or scenario that is authentic and believable, the


kind of brief story that your learners can relate to and know


that this is the sort of situation that they will soon encounter in


their profession.


In the health professions, such cases often come with


important data that need interpretation in the context of the


case. Include enough to enable them, but do not give them so


much that they end up being overwhelmed. You want the


learners to be able to evaluate and analyze the manifest


features of your problem with the data and make decisions


about the questions you pose.


Never ask them a question for which the answer is in a


book or can be searched and found online (students are


excellent web-searchers). The solution needs to be one that


they can only get to the answer through their deliberations. Of


course, it is perfectly OK to include elements in the presen-


tation or data that they do not fully understand, and they must


search their resources to master.


We recommend sticking with the 4 S’s principles:


(1) Significant problem. The problem you select and the


associated question(s) must be important, authentic,


and truly representative of the kind of problem students


are about to encounter in their professional activities.


Go for quality of questions and not quantity. There will be


the tendency to try to ask too much in the Team Application,


fearing that you need to ‘‘cover’’ so much content. Trust the


process: if you design questions that really make students


think and struggle with making a decision about something


significant; they will master the content and key concepts.


(2) Same problem. All teams must be working, in class, on


the same problem at the same time.


Commonly, with in-class, small group exercises, each


group is given a different problem with the expectation of a


sharing process at the end. This is a ‘‘killer’’ experience for the


students for two reasons. One is because they have to endure


listening to other groups present their ‘‘findings,’’ and once


they present their own, they will not pay attention to anyone


else’s. The other is that, having teams on different problems


largely eliminates inter-team accountability. At best, you are


likely to get a polite question or two because their motivation


is low and, in addition, students are likely to feel they do not


have the information they need to mount a credible challenge.


(3) Specific choice. Craft questions that truly probe the


‘‘why’’ of a concept or use a set of data for interpre-


tation – this separates excellent teaching from mediocre.


When the learner must discern between several equally


plausible options, select the BEST one and prepare to


defend that decision, there is deep learning.


With TBL, by listening in to how students are processing


your questions and determining the BEST specific choice, you


Figure 2. Backward design process.
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know how they are thinking. When a team member passion-


ately defends her team’s selection against countervailing


positions, whether she is wrong or right, you know that you


have a ‘‘teaching moment.’’


Some instructors feel they are excellent teachers when


students applaud after a lecture. But, at what point during the


50 min do you really know how students are thinking about


the concept you are teaching? When do you know if they can


apply that concept to a novel situation/problem? At the exam?


(4) Simultaneous report. A key to energizing team discus-


sions is using procedures that make teams accountable


for reaching and being prepared to defend a decision.


Having teams work on the same problem is essential


for intra-team accountability but it is not enough.


Instructors often reduce accountability in one of two ways.


First, students discover that you have a pattern of calling for


volunteers (e.g., ‘‘which team would like to give their


answer?’’). Students know that it is pretty safe to sit back and


let the other teams risk giving what might be an incorrect


answer. Second, if your practice is to randomly call on one of


the teams to give their answer, students’ motivation to ‘‘get it


right’’ is significantly reduced by their realization that, even if


they do not have an answer, they have two minimally


embarrassing options. If they are the ‘‘unlucky’’ team that


gets called on first, they can say, ‘‘We haven’t had time to reach


an agreement and, if they aren’t the first team to be called on,


they can say, ‘We agree with team ___’ (i.e., the team that


reported first).’’


With TBL, however, teams are fully accountable because


students are informed from the beginning that all of the teams


will have to report their answers at the same exact moment


and their task is to make a decision and be prepared to defend


it. As a result, the interaction during the Team Application


follows a distinct pattern. When the learners first begin


grappling with the problem, there is often quiet in the room


as they read and ponder individually for a few moments, then


a low-grade ‘‘buzz’’ starts as members of teams start sharing


their impressions, raise questions, and assign searching tasks


to one another – in short, enjoin a strategy for making a


decision within the timeline of the exercise.


When time is called for the posting of all decisions, teams


simultaneously post their answers for all to see (e.g., by


displaying a numbered or lettered card, putting up a poster,


using Audience Response System ‘‘clickers,’’ etc.).


If the Team Application case and questions have been


written well and are tightly linked to the learning goals and the


readiness assurance process (RAP), then, it is rare that a team


will have questions for the instructor during the time they are


trying to reach a decision. As the instructor, your task is to


roam around the room and listen in on the team conversations


and learn how they are processing the assignment, remember


what you hear and use it in the class discussions to follow.


Unlike any other small group work, the requirement that each


team must make a decision on the same difficult question, and


be in competition with other teams, generates a great deal of


noise and animation in the classroom. The better your


Figure 3. TBL steps – instructor’s perspective.
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questions, the more lively the room becomes until the time for


posting decisions.


Once the teams’ decisions have been revealed, your job is


to use the teams’ simultaneous reports as a catalyst for


facilitating the inter-team discussions. What are the ways to


facilitate the class discussion, generating dialogue and debate


between teams? Go for the ‘‘Why?’’: ‘‘Why did your team make


this decision?’’, ‘‘Explain your thought processes.’’ To a


different team with a different answer: ‘‘Let’s hear your


rationale, why is it better than what we have just heard?’’ If


there are many teams in the classroom, it is not necessary to


get an oral defense from each team – this may bore the others


and be too much like the usual small group work project


sharing.


Some facilitation tips:


. When you call on a team to explain, select a specific student


from a random list sheet or use Teacher’s PickTM, an APP for


the iPHONE or iPAD (http://itunes.apple.com/us/app/


teachers-pick/id320221052?mt=8) – do not ask for a repre-


sentative of the team to speak because the team’s extravert


will always do it.


. Make a rule that anyone who speaks to the whole class


must stand up or use a microphone, and get in the habit of


moving away from the student who is speaking so that


he/she will speak louder.


. At first, the speaking student will try to talk to you since you


asked the question. Inspire them to speak to the other


teams, not you. Remember: your teaching moments are


framed by the questions you ask about their decisions, their


thought processes; save your own conclusions about the


question until they are all in suspense about the ‘‘best’’


decision, then explain using what you have heard in their


propositions.


. Before the session, review each of your readiness assurance


test (RAT) and Team Application questions with this


checklist:


– What is the key learning point from this question?


– Where would the student have been exposed to the


information needed to answer it?


– What if all teams get it right? Do I move on to the next


question? Do I give them a few more minutes to post


what they think is the ‘‘Second Best Answer’’?


– What if all teams get it wrong? How will I show them my


thinking about what I selected as the right answer?


Step 3 – Individual readiness assurance test/team readiness


assurance test. Preparing the Team Application (tAPP) first,


enables you to design RATs that truly prepares the learners


for the tAPP – you know what they need to know to apply


the content to meaningful problems. The questions should


be in multiple-choice format (MCQ) and they should be


well constructed so that their quality is equivalent to your


end of course/term or licensing examination. A great


source for writing effective MCQs is the National Board of


Medical Examiners Item Writing Manual, downloadable


at their website (www.nbme.org/publications/item-writing-


manual.html).


How many questions you prepare depends on the amount


and complexity of the content, and how much time you have


in your course design for TBL. On the one hand, you do not


want to overwhelm the learners with lots of MCQs where they


feel they are always studying to take a test, but you and they


do want to have regular assurance that they are mastering the


content and that the work they have done preparing is


important by being assessed.


Another key is that the questions should focus on the big


ideas not the details. If they really understand the big ideas, they


are prepared to learn the details when they try to use them to


make the decisions that are part of the Team Application.


There are two parts to the RAT: individual and team.


Learners take the iRAT at the beginning of the session,


recording their decisions using a ScantronTM or Audience


Response System ‘‘clickers.’’


When time is up, teams cluster and answer the exact same


questions as a team, with the tRAT, making their selections on


an Immediate Feedback Assessment Technique (IF-ATTM)


form. The IF-AT is a multiple-choice answer form with a thin


opaque film covering the answer options. Instead of using a


pencil to fill in a circle, students scratch off the answer as if


scratching a lottery ticket. If the answer is correct, a star


appears somewhere within the rectangle indicating the correct


answer. Students earn partial credit for a second attempt and


learn the correct response for each question while taking the


tRAT. One member of a team is picked by the team to do the


scratch off on the IF-AT form, and all are at rapt attention as


he/she determines whether or not the team’s decision on a


question is the preferred one. Generally, teams will give out a


small cheer when right and a light groan if wrong. If they do


not get it right the first time, they will immediately re-engage


on that question and make another selection, but not


without careful consideration since the stakes are higher.


More information about the IF-AT form is available at the


Epstein Educational Enterprises website (www.


epsteineducation.com).


Always structure time for the discussion of the RAT after the


team process, and when you use the IF-AT, encourage teams


to select the one or two questions that they would like the


whole class to discuss. Although they know your designated


‘‘correct’’ answer from the IF-AT, if you crafted the questions


well, then there should always be two to three questions that


really challenged them and they will want to discuss, or even


appeal (see step 6 – Appeal).


We strongly recommend using the IF-AT in the tRAT. These


are our reasons:


. Whether it is the very first gathering of the team or the last in


a course, the tRAT forces them to share what they have


learned as they each explain why they support one answer


over another. Because conflict is uncomfortable, brand-new


teams will initially make their choices by voting. However,


with time (and the IF-AT form speeds up the learning


process) they learn that voting is risky and it is more


effective to share explanations first, then discuss their way


to a consensus.


. The IF-AT promotes team cohesion – when the team makes


its decision and scratches off the selected option on the IF-


Team-based learning


e281







AT, everyone is paying acute attention: if they have drifted


apart physically during the discussion, they move back in; if


they are separated by a table, they lean in – everyone wants


to see and they will need to get closer to do so.


. If a team ‘‘gets it wrong’’ the first time, they immediately


explore why so that they can select the ‘‘right’’ one next, and


they are motivated to do so since they will still get partial


credit.


. Learners who tend to be overly assertive will inevitably be


wrong on one or more of the questions. When this


happens, the pushy student will become more cautious


and the peers will be more willing to advocate for further


considerations of an answer. Or, a learner who usually


‘‘goes along’’ with the crowd will eventually be put on the


spot and asked to defend their choice – in effect, be


encouraged to participate, especially if they have been


correct and not helped the team get to the right answer.


Step 4 – Advance assignment. Prior to coming to class, the


learner needs to know what he/she must read, watch or do to


be prepared for class. This is where you, the instructor,


provide ‘‘scaffolding’’ for their acquisition of the information


(content). It works best to provide them, as far in advance as


possible, what must be read or done and clearly identify the


level of requisite mastery so that they can be successful. You


should develop or select appropriate teaching and learning


activities (readings, videos, labs, tutorials, lectures, etc.) for the


Advance Assignment that are aligned with the iRAT/tRAT


questions, are effective and sufficient for content coverage,


and that include specific learning goals.


In the health sciences, there is an infinite amount of detail


within many critical complex concepts. As tempting as it is to


list all the content that they must learn and then test them on it


in the RATs, it is far better to identify the key concepts and


inform students what the concepts are and how they will be


expected to apply them. For instance, autonomics is one of the


most complex areas in medicine, and there are a great many


agents whose names must be memorized along with how they


affect different receptors. Your ‘‘scaffolding’’ lecture or tutorial


clarifies the principles of autonomics, reviews the body’s


anatomic structures for sympathetic and parasympathetic


systems, notes a few of the prototypical agents/transmitters,


and leaves them with a handful of practice problems; the


answers to be provided the next day or posted online.


Memorizing the many agents that interact with the autonomic


nervous system is a requisite task, like memorizing the


multiplication tables, and doing so will ‘‘stick’’ better if done


in the context of the ‘‘bigger picture’’ with as many practice


exercises as possible.


Learners decide how they can best prepare: some study


alone, some will form a study group, and some will use their


class team as a study group. You do not have to recommend or


suggest any; let them figure out what works for them as


individuals and as teams.


After the first couple of TBL sessions, students will have


determined how much time and energy they need to devote to


the Advanced Assignment. Their scores on the iRAT, tRAT, and


tAPP let them know how they are doing with the material as


the course moves along.


Step 5 – Instructor clarification review. The RAP should


include an instructor Clarification Review, in which students


get clarification from instructor on the concepts they have


been struggling with during the tRAT. At the end of the


Clarification Review, students should feel confident that they


are adequately prepared to solve more complex problems for


the next TBL step: the Team Application. An effective


Clarification Review predicts/addresses knowledge gaps


(focused on the concepts that the students are struggling to


understand), is neither a lecture nor a review of all concepts,


and supports the development of critical thinking skills.


You should design the Clarification Review only after you


have created the tAPP and RAT questions, since the purpose of


the review is to better prepare students for the tAPP by


addressing learning gaps identified during the tRAT.


Step 6 – Appeal. Teams should be able to Appeal a question in


the RAP or the tAPP. If you accept their Appeal, then only that


team is awarded the credit. There are two reasons for an Appeal:


. the team thinks that they were misled by the way the


question was written and, to have the appeal granted, they


must re-write it so that you agree that it is much clearer;


. the team is convinced that their answer is best and they can


support this position through argument and/or valid source


material which they reference.


Sometimes in the class discussion you hear an argument for


an answer that is compelling, one you have not even thought


about and, even though it is not normally done, you can award


credit on the spot for their brilliance. More often, you need


some time to process the arguments, as do the teams


submitting appeals.


Keep the turn-around time as brief as possible and let the


whole class know of your decisions. If the Appeal process is


done in the spirit that everyone, including the instructor, can


learn more, then it encourages more discussion and deeper


learning.


A distinct advantage of a genuine process for Appeals is


that you will not be sidetracked during the class by a few


students who want to argue their position ad infinitum. It will


allow them and you some reflection time and opportunity to


better articulate a position.


TBL non-recurring steps


Team formation. Ideally, create teams that can stay together


as long as possible. Sometimes this means for a year, a


semester, or even a 4-week clinical rotation. There are four


principles for assigning students to teams:


. Never let them self-select!


. Determine what you consider to be ‘‘wealth factors’’ in the


class, for instance, previous work experience in healthcare


or having an advanced degree in a health science field like


biochemistry or physiology. Distribute all such students


across different teams.


. Ensure that each team has as much diversity as possible.


This is highly contextual and you must explore the potential


characteristics in the class that represent diversity. For


instance, if your school draws from a wide geographic area
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that includes rural and urban settings, the teams will benefit


from having members from both. Gender balance, if


possible, is also desirable.


. Make the assignment process transparent. Students should


never wonder how they were assigned to a particular team.


Orientation. For most students, TBL will be a new experience.


The TBL Collaborative website has a link called ‘‘Orienting


Students’’ with tips on how to introduce TBL to your students


through a TBL sample session (www.teambasedlearning.org/


Default.aspx?pageId=1032382). You can create the sample


session using TBL content (based on a brief TBL article), or


using the course syllabus as the first Advance Assignment.


Often the biggest hurdle is student attitude about preparing


for class – so many are accustomed to coming to class to be


told what will be on the exam, so why prepare for a class? With


TBL, they must prepare using the Advance Assignment in


order to pass or do well in the course. Classroom time shifts


from being a time to transmit information to problem-solving


with course content that is learned largely outside of class. This


becomes very clear during the Orientation session.


Peer evaluation. There is little question about the impor-


tance of our students in the health professions learning how to


give and receive constructive feedback from peers since they


will need this skill set in the work setting with team members


from several disciplines. We recommend the development of a


process that encourages students to highlight the positive


behaviors of their peers and develop the skills for constructive


feedback. There are several viable models for conducting peer


evaluation, all of which include:


. evaluation of each teammate on his/her contributions to the


team’s success and their own learning;


. both a quantitative and qualitative component;


. guidelines on how to provide helpful feedback.


For instance, for a qualitative query:


‘‘What is the single most valuable contribution this person


makes to your team?’’


‘‘What is the single most important thing this person could


do to more effectively help your team?’’


Grading. As with Team Formation, there are some principles


for how to grade TBL:


. The percentage of time of a course that is devoted to TBL


must be reflected in the course grade. For example, if it is a


12-week course and TBL is used for about one half of the


contact hours, then it should count for about one-half of the


final grade.


. Each component of TBL has a weight in the grading scheme


and it will work best if the students have some responsibility


in determining this within the limits you set.


. Thepeerevaluationshouldalsocountaspartof theTBLgrade.


An example of a TBL grading scheme would be:


iRAT ¼ 25%


tRAT ¼ 35%


tAPP ¼ 35%


Peer evaluation ¼ 5%


What are the TBL critical contextual
factors?


Institutional culture


For TBL to be successful in a course or throughout a


curriculum, it needs sanction if not support from the admin-


istrative leadership. Often, the simple support position of


‘‘classroom time needs to be used for solving problems and not


just transmittal of information’’ goes a long way for faculty to


consider using TBL.


Although there is good support in the literature for the


effectiveness of TBL for a wide range of subject areas


(www.teambasedlearning.org/refs), there are strong biases


by faculty and administration against any active learning in the


classroom. Some very experienced, and often talented,


instructors grew up on the lecture-format and are wedded to


it as the best way for students to learn – to be exposed to great


minds such as theirs.


The administrative leadership may give in to these ‘‘sages


on the stage’’ if they are large grant generating faculty whom


they do not want to lose to the competition. In our experience,


one faculty member or a small group of faculty can get started


with TBL and generate both positive academic and student


satisfaction outcomes within a couple of years. Students can


become the best ‘‘salespersons’’ for having active learning in


the classroom.


Faculty development


There are several steps that a group of faculty can take to make


their transition to using TBL successful:


. Participate in several training workshops on TBL. If your


aim is to have a few individuals experiment with TBL, have


them attend the TBL Collaborative Annual meeting or


equivalent venue. If your aim is to have a substantial part of


your curriculum taught with TBL, you will need to bring one


or more consultants to your campus first to introduce TBL to


your faculty and later to help them refine their TBL course


design and delivery.


. Once you have some pilot TBL courses up and running,


establish a TBL learning community on campus or with


neighboring institutions.


. Identify a consultant, someone experienced with TBL who


can critique materials, observe initial sessions and help


troubleshoot the problems that will inevitably arise.


. Peer-review all module materials, especially the MCQs in


the RAP and the questions for the tAPP – this must


include careful editing of the questions for grammar,


syntax, and format, matching of module objectives to the


materials, and framing of tAPP questions so that they will


generate good, thoughtful discussions within and between


teams.


. Ensure that TBL is an integral part of the course or


curriculum design – it will flop if it is just plugged in


without being well-linked to the other components (Fink


2003).


. Involve students, both to introduce them to how TBL works


and get constructive feedback from them after a session.
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Student buy-in


Students must have orientation to TBL, and there are several


ways to do this.


At Wright State University Boonshoft School of Medicine


(www.med.wright.edu), we have used the following:


. First day of class, give them the article ‘‘Three Keys to Using


Learning Groups Effectively’’ (Michaelsen 1998) to read in


class, then form teams, give them a iRAT and tRAT on TBL


from the article, end with a couple of application questions


about TBL.


. Before class, ask students to study the course syllabus, i.e.,


grading, attendance, papers due, key topics, exam sched-


ule. At class, conduct a TBL session on the syllabus. After


this first TBL session, make time at the end to review with


them the objectives for the session and ask if they feel they


met the objectives through the TBL experience.


At Duke/NUS Singapore (www.duke-nus.edu.sg/web),


they conduct a TBL session as part of the medical student


interview process; highlighting the value and benefits of TBL,


the general process, and use it a bit as a marketing tool. Once


students are accepted, they participate in a series of work-


shops that reinforce the process, the skills for team develop-


ment, review of how study habits might change, and a practice


session with a review.


Space/acoustics


TBL is very adaptable to a variety of space restraints, such as


fixed seating in an auditorium. However, the best space is one


in which students can easily cluster in either a small circle or


around a small table. We say small table because we have seen


the use of larger, eight to ten seat tables and students cannot


get close enough to really ‘‘team;’’ besides, the large tables will


have space for laptops and lots of references which get in the


way of good team discussions. Remember: your Team


Application problems can only be solved through discussion


and deliberation, not a web search!


The ideal setting has a spot for the instructor in which he/


she can see everyone in the classroom AND all students


should be able to see each other. If a student can stand up,


speak and be heard by all in the room, then you do not need


an amplification system. The best amplification system has


microphones at each table or cluster area; passing around a


single mike can be cumbersome.


Why do we feel that TBL is an
excellent instructional strategy for
education in the health sciences?


The practice of medicine is rapidly changing in a number of


ways that have a profound impact of the demands faced by


medical educators in preparing their graduates for their future


professional practice. The sheer volume of knowledge in


every medical field is expanding and changing very rapidly.


As a result, it is no longer practical or even possible for


students to memorize everything they will need to know.


Graduates now need to be grounded in the knowledge of their


profession but, must also be trained and motivated to become


life-long learners capable of accessing and assessing the


wealth of information that is being discovered on an


ongoing basis.


Similarly, the practice of medicine is increasingly becoming


both inter-professional and team-oriented. Long gone are the


days of the solo practitioner who can, by him or herself, master


the breadth of knowledge that can and should be accessed and


applied in diagnosing and treating patients. Safe and out-


comes-focused patient care, whether ambulatory or inpatient,


requires the coordinated efforts of practitioners from several


disciplines as well as the patient and his/her family.


As a result, gone also are the days in which medical


education programs can be satisfied if their graduates have


successfully mastered the content of their courses. Current and


future practitioners need to be able to both use the content and


to be able to solve problems by working effectively with and


accessing the combined knowledge of a diverse team of


healthcare professionals.


Fortunately, TBL, when done well, addresses all three of


these educational imperatives by nothing more than develop-


ing faculty members’ ability to use their content expertise to


design the feedback-rich learning experiences that make up


TBL. A feedback-rich learning environment has a positive


impact on content learning, which is characteristic of every


phase of TBL.


Further, TBL prepares students for their future inter-


professional work because the very heart of every phase of


the process is using deliberately heterogeneous teams to solve


numerous and varied medical-practice related problems.


Finally, unlike other group-based approaches that require


educators to develop group process facilitation expertise,


students in TBL courses develop interpersonal and team skills


through real-time content feedback on how well they have


used their members’ expertise in making decisions.


Irrespective of whether the feedback comes from an IF-AT


form, other teams or from the teacher, students are never in


doubt as to whether or not they understand the content and


whether or not they have used members’ knowledge resources


in a positive way.


What are the outcomes to date and
what are important questions to
answer in the future?


TBL in medical education is relatively new, and the evidence


for its academic effectiveness is only beginning to grow


(Nieder et al. 2005; Letassy et al. 2008; Shellenberger et al.


2009; Koles et al. 2010; Thomas & Bowen 2011).


One of the confounding issues in evaluating the literature to


date on TBL is that authors have modified the strategy,


sometimes extensively, and do not indicate this in the title. In


fact, one must scrutinize the methods to learn exactly what was


done, i.e., how were teams created, were the three key


components used?


We feel that as medical educators become better at


designing TBL modules, ensuring their integration in a


course or curriculum, and clarifying what the desired academic
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outcomes are, the results will be very positive, especially in


contrast to a pure lecture-based curriculum.


We also feel that there are non-academic outcomes that are


particularly important for future investigation:


. Does peer evaluation lead to enduring positive changes in


how students collaborate?


. How does the decision-making process within a team help


students make better decisions independently?


. Since there is emerging evidence for ‘‘collective intelli-


gence’’ within small groups, (Woolley et al. 2010), what


characteristics should we use to assign students to teams?


. Does TBL improve clinical reasoning and/or critical think-


ing skills? If it does, then how can we enhance this


outcome?


Why is TBL unique in small group
learning?


Small group learning, when done well, as described in the


recent AMEE Guide 48 (Edmunds & Brown 2010) provides


students with rich opportunities to explore, explain, and


understand course material while learning how to


communicate, collaborate, and problem-solve as they might


in the workplace.


Since PBL is probably the most commonly used small group


learning strategy in medical education to date, we consider it


relevant to highlight the several differences between PBL and


TBL (Table 1).


What additional characteristics
make TBL a good fit for healthcare
professions education?


These are additional characteristics of TBL that make it unique


and particularly well suited for health professions education:


. Versatility of use. Large or small classes; single or series of


sessions; whole or portions of a course; blends with


lectures, labs, other learning activities; inter-professional


education activities.


. Effective team formation. Teams are created thoughtfully


and transparently, and ideally teams stay together for as


long as possible.


. Out-of-class preparation. The Advance Assignment informs


the learner what he/she needs to master before coming to


Table 1. Comparisons between PBL and TBL.


PBL TBL


Key principles and


assumptions about


learning


� Emphasizes student-directed learning and use


of knowledge, stimulated by a small group


reviewing an authentic, complex clinical case


� Learners benefit from learning how to determine


what they need to know to best understand the


clinical case presented, followed by learning as


much as they can


� Emphasizes application of teacher-specified


learning goals to solve specifically stated prob-


lems posed in one or more authentic, complex


clinical cases


� Learners benefit most from the opportunity to


apply what they learned outside of class to


in-class-posed problems through discussions in


teams, followed by immediate feedback on their


decisions


Basic instructional methods


and learning sequence


� Tutors progressively disclose previously


prepared cases


� Learners analyze disclosed information to iden-


tify important facts and surface deficiencies in


their knowledge needed to solve a case


� Between sessions, learners address knowledge


deficiencies and come prepared to apply their


new knowledge in tutor-led discussions


� Instructors clearly identify content learners need


to learn


� Learners come to class prepared to demon-


strate their knowledge of this content on RATs,


first as individuals and then as teams


� Learners apply this knowledge to choose and


share solutions to given problems in intra- and


inter-team discussions


Incentives which shape


learner behavior


� Learners tend to be motivated to participate in


group discussions and to study outside of class


because of their interest in the case and to


contribute their share. An end-of-unit exam may


be a motivator. Tutors and peers provide eval-


uation of participation and contribution


� Learners are motivated to prepare for class –


both as individuals and as teams – to do well on


RATs. Further motivation to actively participate in


the team decision-making comes from the


grading of their decisions. An end of course


exam is a motivator if the questions are prepa-


ratory. Peer evaluation can be an added


incentive


Desired outcomes � Given a complex clinical case, ability to identify


what one needs to learn to better understand,


reason, think critically. Content mastery.


Communicate effectively and work collabora-


tively in tutor-led small group


� Mastery of content and application of content to


solve instructor-defined problems. Think criti-


cally, interpret and evaluate data, communicate


effectively, work collaboratively in autonomous


teams within large class


Role of instructor in the


learning process


� Construct cases in such a way that they will


stimulate learners to pursue relevant learning


issues; facilitate small group discussions; give


learners feedback and guidance as needed


about their participation, reasoning, mastery of


material. Based on observation, grade individ-


uals on their contributions to the group


� Set learning goals; create challenging application


questions that stimulate meaningful team dis-


cussions; prepareRATs; identify core content


and resources; anticipate and address learners’


questions and misconceptions.
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class in order to be prepared for the RAP and decision-


based application assignments that follow.


Immediate feedback


Immediate feedback on both individual and team performance


is inherent in the process so that students know ‘‘where they


are’’ with respect to understanding both the content and its


application. The instructor also has continuous opportunity


during the class period to know how learners are thinking


about the material as they grapple with using course concepts


to solve real-world problems and make medical-practice


decisions.


. Peer evaluation. Peer evaluation counts and, when the


process is properly designed and managed, learners learn


how to provide constructive feedback to peers and learn


how to adjust their own behaviors to become more effective


participants within their teams. This is an increasingly


important component of TBL since healthcare professionals


are frequently evaluated by their patients, colleagues,


administrators, and other members of an allied healthcare


team.


. Authentic problems. The primary emphasis of the instruc-


tion focuses on solving problems, usually based on case


vignettes with realistic data and images, that are as authentic


as possible, and the choices that the learners have to make


force them to partake in the decision-making process that


they will regularly encounter in the clinical arena.


Conclusions


TBL is an instructional strategy that is an excellent fit with


medical education. It is active learning, learner-centered, holds


students accountable for their preparation for class and in-class


engagement, and requires them to apply knowledge to solve


authentic problems. For any future physician, there are few


more important competencies to master than learning how to


work collaboratively with others – something that TBL


requires. It is a versatile strategy, well suited for large classes


(4100 students) or small classes (525 students), and only


needs one instructor.


We have presented how it should be done and caution


those who are considering using it to adhere to its structure


and process carefully, in order to be successful. We also


recommend that interested faculty both attend a real TBL class


to learn how students engage with it and attend one or more


faculty development workshops about the TBL instructional


strategy.
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Glossary of terms


Advance Assignment: Students prepare outside of class for a


TBL session by following a specific set of guidelines for


reading or other activities. The instructor also provides a set of


objectives for this component.


IF-ATTM (immediate feedback assessment technique): Answer


forms with scratch-offs that indicate a correct answer. Usually


used for the tRAT since it provides immediate feedback to a


team on whether or not they have the correct answer. If they


have selected an incorrect answer, then they may select again


until they get it ‘‘right,’’ but no longer get full credit. See:


www.epsteineducation.com


iRAT (individual readiness assurance test): Upon coming to


class for a TBL session, all students answer a set of MCQ that


are based on the Advance Assignment. Their grade is recorded


and is part of their course grade.


tAPP (team application): The instructor furnishes a case or


problem that requires the brain-power of an entire team to


answer. This case or problem is authentic and solving it


requires mastery of content and concepts in the Advance


Assignment. All teams work on the same case or problem at


the same time and indicate their choices for answers


simultaneously.


tRAT (Team Readiness Assurance Test): This is the same set of


questions that each student has answered individually during


the iRAT, but, now the team must answer the questions


through a consensus-building discussion.
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The Impact of E-Learning in Medical
Education
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Abstract


The authors provide an introduction to
e-learning and its role in medical
education by outlining key terms, the
components of e-learning, the evidence
for its effectiveness, faculty development
needs for implementation, evaluation
strategies for e-learning and its
technology, and how e-learning might
be considered evidence of academic
scholarship.


E-learning is the use of Internet
technologies to enhance knowledge and
performance. E-learning technologies
offer learners control over content,
learning sequence, pace of learning,
time, and often media, allowing them to
tailor their experiences to meet their


personal learning objectives. In diverse
medical education contexts, e-learning
appears to be at least as effective as
traditional instructor-led methods such as
lectures. Students do not see e-learning
as replacing traditional instructor-led
training but as a complement to it,
forming part of a blended-learning
strategy. A developing infrastructure to
support e-learning within medical
education includes repositories, or digital
libraries, to manage access to e-learning
materials, consensus on technical
standardization, and methods for peer
review of these resources. E-learning
presents numerous research
opportunities for faculty, along with
continuing challenges for documenting


scholarship. Innovations in e-learning
technologies point toward a revolution in
education, allowing learning to be
individualized (adaptive learning),
enhancing learners’ interactions with
others (collaborative learning), and
transforming the role of the teacher. The
integration of e-learning into medical
education can catalyze the shift toward
applying adult learning theory, where
educators will no longer serve mainly as
the distributors of content, but will
become more involved as facilitators of
learning and assessors of competency.


Acad Med. 2006; 81:207–212.


Today’s medical educators are facing
different challenges than their
predecessors in teaching tomorrow’s
physicians. In the past few decades,
changes in health care delivery and
advances in medicine have increased
demands on academic faculty, resulting
in less time for teaching than has
previously been the case.1 Changes in
sites of health care delivery, from acute


care institutions to community-based
settings for chronic care, have required
adaptations in educational venues.2


Finding time to teach “new” fields such
as genomics, palliative care, geriatrics,
and complementary medicine is difficult
when medical school curricula are
already challenged to cover conventional
materials.1 Traditional instructor-
centered teaching is yielding to a learner-
centered model that puts learners in
control of their own learning. A recent
shift toward competency-based curricula
emphasizes the learning outcome, not the
process, of education.3


E-learning refers to the use of Internet
technologies to deliver a broad array of
solutions that enhance knowledge and
performance.4,5 E-learning can be used by
medical educators to improve the
efficiency and effectiveness of educational
interventions in the face of the social,
scientific, and pedagogical challenges
noted above. It has gained popularity in
the past decade; however, its use is highly
variable among medical schools and
appears to be more common in basic
science courses than in clinical
clerkships.6,7


In this article, we review the current state
of e-learning in medical education by


outlining the following: key terms, the
components of e-learning, the evidence
for its effectiveness, faculty development
needs for implementing e-learning,
evaluation strategies for e-learning and its
technology, and the potential for e-
learning to be considered evidence of
academic scholarship.


Definitions


E-learning is also called Web-based
learning, online learning, distributed
learning, computer-assisted instruction,
or Internet-based learning. Historically,
there have been two common e-learning
modes: distance learning and computer-
assisted instruction. Distance learning
uses information technologies to deliver
instruction to learners who are at remote
locations from a central site. Computer-
assisted instruction (also called
computer-based learning and computer-
based training) uses computers to aid in
the delivery of stand-alone multimedia
packages for learning and teaching.7


These two modes are subsumed under
e-learning as the Internet becomes the
integrating technology.


A concept closely related to e-learning
but preceding the birth of the Internet is
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multimedia learning. Multimedia uses
two or more media, such as text,
graphics, animation, audio, or video, to
produce engaging content that learners
access via computer. Blended learning, a
fairly new term in education but a
concept familiar to most educators, is an
approach that combines e-learning
technology with traditional instructor-led
training, where, for example, a lecture or
demonstration is supplemented by an
online tutorial.8


Faculty, administrators, and learners find
that multimedia e-learning enhances
both teaching and learning. These
advantages can be categorized as
targeting either learning delivery or
learning enhancement.


Learning delivery is the most often cited
advantage of e-learning and includes
increased accessibility to information,
ease in updating content, personalized
instruction, ease of distribution,
standardization of content, and
accountability.4,5 Accessibility refers to
the user’s ability to find what is needed,
when it is needed. Improved access to
educational materials is crucial, as
learning is often an unplanned
experience.5,7 Updating electronic
content is easier than updating printed
material9: e-learning technologies allow
educators to revise their content simply
and quickly. Learners have control over
the content, learning sequence, pace of
learning, time, and, often, media, which
allows them to tailor their experience to
meet personal learning objectives.10


Internet technologies permit the
widespread distribution of digital content
to many users simultaneously anytime
and anywhere.


An additional strength of e-learning is
that it standardizes course content and
delivery; unlike, for instance, a lecture
given to separate sections of the same
course. Automated tracking and
reporting of learners’ activities lessen
faculty administrative burden. Moreover,
e-learning can be designed to include
outcomes assessment to determine
whether learning has occurred.11


Advantages in learning enhancement are
a less well recognized but potentially
more revolutionary aspect of e-learning
than are those related to learning
delivery. E-learning technologies offer
educators a new paradigm based on adult
learning theory, which states that adults


learn by relating new learning to past
experiences, by linking learning to
specific needs, and by practically applying
learning, resulting in more effective and
efficient learning experiences.11 Learning
enhancement permits greater learner
interactivity and promotes learners’
efficiency, motivation, cognitive
effectiveness, and flexibility of learning
style. Learning is a deeply personal
experience: we learn because we want to
learn. By enabling learners to be more
active participants, a well-designed
e-learning experience can motivate them
to become more engaged with the
content.12 Interactive learning shifts the
focus from a passive, teacher-centered
model to one that is active and learner-
centered, offering a stronger learning
stimulus. Interactivity helps to maintain
the learner’s interest and provides a
means for individual practice and
reinforcement. Evidence suggests that
e-learning is more efficient because
learners gain knowledge, skills, and
attitudes faster than through traditional
instructor-led methods. This efficiency is
likely to translate into improved motivation
and performance.12 E-learners have
demonstrated increased retention rates
and better utilization of content,
resulting in better achievement of
knowledge, skills, and attitudes.12


Multimedia e-learning offers learners the
flexibility to select from a large menu of
media options to accommodate their
diverse learning styles.12


Components of E-Learning


Creating e-learning material involves
several components: once content is
developed, it must be managed,
delivered, and standardized.


Content comprises all instructional
material, which can range in complexity
from discrete items to larger instructional
modules. A digital learning object is
defined as any grouping of digital
materials structured in a meaningful way
and tied to an educational objective.13


Learning objects represent discrete, self-
contained units of instructional material
assembled and reassembled around
specific learning objectives, which are
used to build larger educational materials
such as lessons, modules, or complete
courses to meet the requirements of a
specified curriculum.14 Examples include
tutorials, case-based learning,
hypermedia, simulations, and game-


based learning modules. Content creators
use instructional design and pedagogical
principles to produce learning objects
and instructional materials.


Content management includes all the
administrative functions (e.g., storing,
indexing, cataloging) needed to make
e-learning content available to learners.
Examples include portals, repositories,
digital libraries, learning-management
systems, search engines, and ePortfolios.
A learning-management system, for
example, is Internet-based software that
facilitates the delivery and tracking of
e-learning across an institution.15,16 A
learning-management system can serve
several functions beyond delivering e-
learning content. It can simplify and
automate administrative and supervisory
tasks, track learners’ achievement of
competencies, and operate as a repository
for instructional resources twenty-four
hours a day.15,16 Learning-management
systems familiar to medical educators are
WebCT® or Blackboard®, but there are
more than 200 commercially available
systems, a number that is growing
rapidly.


Content delivery may be either
synchronous or asynchronous.5


Synchronous delivery refers to real-time,
instructor-led e-learning, where all
learners receive information
simultaneously and communicate
directly with other learners. Examples
include teleconferencing (audio, video, or
both), Internet chat forums, and instant
messaging. With asynchronous delivery,
the transmission and receipt of
information do not occur
simultaneously. The learners are
responsible for pacing their own self-
instruction and learning. The instructor
and learners communicate using e-mail
or feedback technologies, but not in real
time. A variety of methods can be used
for asynchronous delivery, including e-
mail, online bulletin boards, listservs,
newsgroups, and Weblogs.


In addition to establishing, managing,
and delivering content, a fourth
component is part of the e-learning
equation. It is becoming increasingly
clear that standards are needed for the
creation of new e-learning material.17


Such standards promote compatibility
and usability of products across many
computer systems, facilitating the
widespread use of e-learning materials.
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Several organizations have been engaged
in creating broad e-learning standards.17


Although not specifically designed for
medical education, these standards offer
medical educators important advantages.
The most well-known set of standards is
the Advanced Distributed Learning:
Sharable Content Object Reference
Model (SCORM). SCORM is a group of
specifications developed through a
collaborative effort of e-learning
organizations funded by the United
States Department of Defense.17 SCORM
specifications prescribe the manner in
which a learning-management system
handles e-learning products.17 E-learning
material built to SCORM specifications
will interact with a conformant learning-
management system, allowing for the
prescription of the learning experience
and tracking of learner performance. In
medical education, MedBiquitous, a
consortium of academic, government,
and health care industry organizations, is
working to develop SCORM-compliant
specifications and standards for medical
education.18


The Evidence for Effective and
Efficient E-Learning


The effectiveness of e-learning has been
demonstrated primarily by studies of
higher education, government, corporate,
and military environments.11,19 However,
these studies have limitations, especially
because of the variability in their
scientific design.19,20 Often they have
failed to define the content quality,
technological characteristics, and type of
specific e-learning intervention being
analyzed. In addition, most have included
several different instructional and
delivery methodologies, which
complicates the analysis.21 Most of these
studies compared e-learning with
traditional instructor-led approaches.15,19


Yet three aspects of e-learning have been
consistently explored: product utility,
cost-effectiveness, and learner
satisfaction. Utility refers to the
usefulness of the method of e-learning.
Several studies outside of health care have
revealed that most often e-learning is at
least as good as, if not better than,
traditional instructor-led methods such
as lectures in contributing to
demonstrated learning.5,11 Gibbons and
Fairweather11 cite several studies from the
pre-Internet era, including two meta-
analyses that compared the utility of


computer-based instruction to traditional
teaching methods. The studies used a
variety of designs in both training and
academic environments, with
inconsistent results for many outcomes.
Yet learners’ knowledge, measured by
pre-post test scores, was shown to
improve. Moreover, learners using
computer-based instruction learned
more efficiently and demonstrated better
retention.


Recent reviews of the e-learning
(specifically Web-based learning)
literature in diverse medical education
contexts reveal similar findings.22


Chumley-Jones and colleagues22 reviewed
76 studies from the medical, nursing, and
dental literature on the utility of Web-
based learning. About one-third of the
studies evaluated knowledge gains, most
using multiple-choice written tests,
although standardized patients were used
in one study. In terms of learners’
achievements in knowledge, Web-based
learning was equivalent to traditional
methods. Of the two studies evaluating
learning efficiency, only one
demonstrated evidence for more efficient
learning via Web-based instruction.22


A substantial body of evidence in the
nonmedical literature has shown, on the
basis of sophisticated cost analysis, that
e-learning can result in significant cost-
savings, sometimes as much as 50%,
compared with traditional instructor-led
learning.11 Savings are related to reduced
instructor training time, travel costs, and
labor costs, reduced institutional
infrastructure, and the possibility of
expanding programs with new
educational technologies.11 Only one
study in the medical literature evaluated
the cost-effectiveness of e-learning as
compared with text-based learning. The
authors found the printing and
distribution of educational materials to
be less costly than creating and
disseminating e-learning content.22


Studies in both the medical and
nonmedical literature have consistently
demonstrated that students are very
satisfied with e-learning.11,22 Learners’
satisfaction rates increase with e-learning
compared to traditional learning, along
with perceived ease of use and access,
navigation, interactivity, and user-
friendly interface design.11,22


Interestingly, students do not see
e-learning as replacing traditional


instructor-led training but as a
complement to it, forming part of a
blended-learning strategy.11,22


Availability of E-Learning
Resources


Thanks to the growth of educational
technologies and the Internet, the
number of e-learning resources available
to educators has dramatically increased.
Within medical education, repositories or
digital libraries have been established to
manage access to e-learning materials.
Although few at this time, such
repositories offer a vision of expanded
access to a large number of high-quality,
peer-reviewed, sharable e-learning
materials (see Table 1). Examples include
the Association of American Medical
Colleges’ (AAMC’s) MedEdPortal, a
repository for curriculum and assessment
materials organized around core
competencies in medical education and
populated with up-to-date, peer-
reviewed teaching and assessment
materials.23 The End of Life/Palliative
Education Resource Center is a free-
access repository of digital content for
health profession educators involved in
palliative care education.24 The Health
Education Assets Library (HEAL)
provides high-quality digital materials for
health sciences educators25 and promotes
the preservation and exchange of useful
educational assets such as individual
graphic, video, or audio elements, while
respecting ownership and privacy. HEAL
has begun a peer-review process for all
e-learning materials submitted to the
library.25 The Multimedia Educational
Resource for Learning and Online
Teaching (MERLOT) is designed
primarily for faculty and students of
higher education.26 The service collects
links to online learning materials, along
with annotations such as users’ reviews
and assignments. MERLOT contains a
growing science and technology section
that includes health care education e-
learning materials.26 The International
Virtual Medical School (IVIMEDS) is an
international organization whose mission
is to set new standards for e-learning in
medical education through a partnership
of medical schools and institutions, using
a blended-learning approach. IVIMEDS
hosts a repository for use by its member
medical schools.27 Most of the materials
in this repository are free to use, although
some materials have clearly defined
conditions for use. In the future, these
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and other repositories may require a
membership or other fees to cover the
ongoing expenses of Web-site
maintenance.


Evaluating E-Learning Processes
and Outcomes


Adopting e-learning and its technology
requires large investments in faculty,
time, money, and space that need to be
justified to administrators and leadership.
As with other educational materials, there
are two major approaches to the
evaluation of e-learning: process and
outcomes.


Process evaluation examines an
e-learning program’s strengths and
weaknesses and how its results are
produced, often providing information
that will allow others to replicate it. Peer
review is one type of process evaluation.
Traditional peer review for journal
articles verifies the quality of content.
E-learning requires the consideration of
additional dimensions. For example, is it
easy to “navigate” through the online
material? Is the appearance conducive to
education? Are multimedia elements used
effectively? Is the interactivity appropriate
for the level of the learner? Are special


computer skills, hardware, or software
required? These and other questions
place new demands on peer reviewers
engaged in process evaluation of
e-learning. In fact, the AAMC, at the
request of the Council of Deans, has
begun a peer-review process of e-learning
that recognizes these materials as
evidence of scholarly activity for faculty
promotion and recognition.28


Outcome evaluation of changes in
learners’ knowledge, skills, or attitudes
allows e-learning developers to gauge
program effectiveness. The evaluation
framework outlined by Kirkpatrick29 in
the 1950s and later adapted to health
care education30 can be used to evaluate
e-learning interventions.31 The
Kirkpatrick model defines four levels of
evaluation based on outcome:
satisfaction, learning, change in learner
behavior, and organizational change/
patient outcome.


Satisfaction measures learners’ reactions
to the material: was it easy to use, hard to
use, fun, boring, and so forth. But
satisfaction measures alone do not
measure learning. For example, excellent
content that learners find difficult to use
may be rated as poor. Likewise, a module


that is highly entertaining in its use of
multimedia but superficial in its content
may be rated as excellent.


Tracking and monitoring learners’
knowledge, attitudes, and skills via a
learning-management system can greatly
simplify the process of evaluating the
gains made through e-learning. An
approach that combines assessment of
skills and attitudes using e-learning
technology with facilitator-mediated
observation would allow a more in-depth
evaluation of skills and behavior. By
contrast, evaluating the direct result of an
education program by measuring changes
in learners’ behaviors, institutional
changes, and better patient care is often
complex, time-consuming, and costly.
E-learning assessments can be one
valuable component in such overall
evaluation of medical school curricula.


E-Learning as Academic
Scholarship


The literature regarding faculty
development or promotion of e-learning
as evidence of scholarly pursuit is almost
nonexistent to our knowledge; however,
as noted above, e-learning requires
faculty competencies that go beyond
traditional instructional activities.
Furthermore, by its nature, e-learning
offers learners and instructors the
possibility of widespread use, access, and
sharing unmatched by other types of
instruction. Evaluation data from peer
review as well as learning-management
system tracking and monitoring of
e-learning use can provide evidence of its
quality and effectiveness. How are faculty
members recognized and rewarded for
their dedication to this effort? The
following activities could be considered
evidence of scholarship for faculty
promotion:


▪ Publication of e-learning materials in a
national online peer-reviewed
repository.


▪ Faculty and learner evaluations of one’s
e-learning material.


▪ Peer-reviewed publications describing
the process, impact, and scientific
contributions of e-learning to medical
education.


▪ Successful grant awards in e-learning.


▪ Participation in national (and
international) societies concerned with


Table 1
Medical Education Organizations Supporting E-Learning


Organization Characteristics


MedEdPortal, Association of American Medical
Colleges (AAMC)
�http://www.aamc.org/meded/mededportal/�


Repository


All digital content types


Material linked to educational competencies


Peer reviewed


“Virtual patients” bank
.........................................................................................................................................................................................................
End of Life/Palliative Education Resource Center
(EPERC)
�http://www.eperc.mcw.edu/�


Repository


Digital content in end-of-life issues


Peer reviewed


Links to other online resources
.........................................................................................................................................................................................................
The Health Education Assets Library (HEAL)
�http://www.healcentral.org�


Repository


Large number of learning assets


Growing number of learning objects


Peer reviewed
.........................................................................................................................................................................................................
Multimedia Educational Resource for Learning
and Online Teaching (MERLOT)
�http://www.merlot.org�


Repository for higher education


Links to other online resources with peer-
review comments


Growing science and technology section
.........................................................................................................................................................................................................
International Virtual Medical School (IVIMEDS)
�http://www.ivimeds.org/�


A consortium of medical schools


Setting standards in medical education


Repository for member schools


Partnerships


Blended learning
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the development, application, and use
of e-learning in medical education.


Numerous research opportunities exist in
the relatively new field of e-learning.
Faculty, administrators, and the public
will demand that educators evaluate the
impact of e-learning on the quality and
efficiency of medical education.
Extrapolating methods from other
clinical and educational research,
including comparative studies, is
insufficient because such studies often
ignore the complexity of the learning
process and the methods of delivery
characteristic of e-learning. Potential
areas for research include assessing
contexts for effective use of e-learning in
medical education, the differential use of
e-learning in preclinical versus clinical
years, the adaptation of e-learning to a
wide variety of medical specialties and
clinical settings, an exploration of
methods for simplifying the e-learning
creation process to gain wider acceptance
and use, the incorporation of e-learning
as part of a blended-learning strategy,
and the use of a multimedia instructional
design process by medical educators.


Integrating E-Learning into
Medical Education


The integration of e-learning into
existing medical curricula should be the
result of a well-devised plan that begins
with a needs assessment and concludes
with the decision to use e-learning.32


Although some institutions have tried to
use e-learning as a stand-alone solution
to updating or expanding their curricula,
we believe it is best to begin with an
integrated strategy that considers the
benefits and burdens of blended learning
before revising the curriculum. In
undergraduate medical education,
e-learning offers learners materials for
self-instruction and collaborative
learning. In graduate medical education,
the Accreditation Council for Graduate
Medical Education has established six
core competencies toward which
e-learning can be applied. E-learning
materials suited for each of these
competencies can be integrated into the
education of residents and fellows,
replacing lectures and other synchronous
methods of instruction. Asynchronous
e-learning can be effectively used during
demanding clinical care rotations,
especially when duty hours are limited
yet curriculum requirements remain


high. In continuing medical education,
physicians with daily clinical obligations
can attend medical “e-conferences” using
e-learning.


The complexity and breadth of medical
education content, together with the
scarcity of experts and resources in
e-learning, make the creation of centers
of excellence in e-learning a reasonable
proposition. The Federal Interagency
Working Group on Information
Technology Research and Development
has recommended the establishment of
centers to explore “new delivery modes
for educating medical practitioners and
providing continuing medical
education”33; e-learning clearly fits that
description. Such centers could offer a
wide range of services, including system
deployment and administration, training
of faculty and administrators, assistance
in content development, the design of
learning pathways and programs,
marketing and support, supervision,
maintenance, research, and consultation.


The Internet2 is a U.S.-based,
collaborative, university-led project
started in 1996 to develop additional
infrastructure for the Internet backbone
capable of superhigh bandwidth.34 The
Internet2’s vision of extremely fast speed,
complex real-time multimedia
capabilities, and quality of service would
provide educators enormous potential to
enhance the learning experience.34 Larger
bandwidth offers the promise of
sophisticated immersive simulations and
the use of full-motion video in real time,
in both asynchronous and synchronous
modes of instruction, delivered to any
desktop computer.35 Many medical schools
and health care organizations are already
producing high-fidelity e-learning
materials, such as virtual patient
simulations, that could soon be within the
reach of any educator and learner.35–37


Directions for the Future


Developments in e-learning and
technologies are creating the groundwork
for a revolution in education, allowing
learning to be individualized (adaptive
learning), enhancing learners’
interactions with each other
(collaborative learning), and
transforming the role of the teacher
(from disseminator to facilitator).


Adaptive learning uses technology to
assess learners’ knowledge, skills, and


attitudes at the beginning of online
training in order to deliver educational
materials at the level most appropriate for
each learner.11 In the online environment
of e-learning, adaptive learning is
possible through identification of the
learner, personalization of content, and
individualization of tracking, monitoring,
support, and assessment.11,21 Adaptive
learning is the ultimate learner-centered
experience because it individualizes a
unique learning path for each learner that
is likely to target his or her specific
learning needs and aptitudes.


The potential for collaborative learning
to break the isolation of learners is
realized in e-learning technologies.
Advances in synchronous distance
education and collaborative technologies
like Weblogs, message boards, chats,
e-mail, and teleconferencing are making
such collaborative learning more readily
available. Quantitative and qualitative
studies of collaborative learning in
medicine have shown higher levels of
learner satisfaction, improvements in
knowledge, self-awareness,
understanding of concepts, achievement
of course objectives, and changes in
practice.38,39


An evolving emphasis within medical
education on lifelong learning and
competency-based education has forced
educators to reevaluate their traditional
roles.10 In this changing paradigm,
educators no longer serve as the sole
distributors of content, but are becoming
facilitators of learning and assessors of
competency. E-learning offers the
opportunity for educators to evolve into
this new role by providing them with a
set of online resources to facilitate the
learning process.10


Summary


E-learning refers to the use of Internet
technologies to deliver a broad array of
learning modes that enhance learners’
knowledge and performance. There is
evidence for the effectiveness and
acceptance of e-learning within the
medical education community, especially
when combined with traditional teacher-
led activities in a blended-learning
educational experience. Several digital
repositories of e-learning materials exist,
some with peer review, where instructors
or developers can submit materials for
widespread use or retrieve them for
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creating new materials. The evaluation of
e-learning should include a peer-review
process and an assessment of outcomes
such as learner satisfaction, content
usability, and demonstration of learning.
Faculty skills in creating e-learning may
differ from those needed for traditional
teaching; faculty rewards for scholarly
activity must recognize this difference
and should be commensurate with effort.
With technological advancement, the
future offers the promise of high-fidelity,
high-speed simulations and personalized
instruction using both adaptive and
collaborative learning. Centers of
excellence in e-learning can provide
national support for the design,
development, implementation,
evaluation, collaboration, and sharing of
digital e-learning materials. The
integration of e-learning into
undergraduate, graduate, and continuing
medical education will promote a shift
toward adult learning in medical
education, wherein educators no longer
serve solely as distributors of content, but
become facilitators of learning and
assessors of competency.
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Perspective


Student assessment involves balancing 
assessment aimed at making decisions 
about students and their progression 
(summative assessment) with assessment 
that provides students with feedback 
to enhance their learning (formative 
assessment). Formative assessment is 
performed in the spirit of “assessment 
for learning” rather than “assessment 
of learning.”1 By providing feedback 
and guidance to students, formative 
assessment has positive effects on 
learning and performance.2,3 It is an 
essential element of self-regulated 
learning4,5 and informed self-assessment.6 
When done thoughtfully, it can be a 
catalyst for growth and development,1,7 


reducing uncertainty and leading to more 
focused and efficient gains in skill and 
knowledge.8


Summative assessments typically occur 
at the end of a program or an experience 
and translate into a score or grade, 
allowing educators to compare learners 
and to determine whether they know 
enough and demonstrate competence 
to progress. However, when practicing 
summative assessment, we are acting 
far more as regulators than educators. 
Although summative assessment is 
certainly necessary, our assessment focus 
must be far broader. The educator’s role, 
accomplished via formative assessment, is 
to impart information, instill values, and 
inspire excellence and ongoing learning.


Formative Assessment in Light of 
Current Educational Trends


Self-regulated, lifelong learning; learner-
centered curricula; and a focus on 
learning outcomes through competency-
based assessments have been prominent 
themes in the curricular reform 
movement in medical education over 
the past decade.9,10 Competency-based 
assessment that links learning outcomes 
with specific learning objectives requires 
continuous and frequent assessment.11,12 
Actively engaging the learner, through 


activities such as self-directed assessment-
seeking behavior,13 in which students 
actively seek feedback on performance 
for the purpose of improvement, is 
considered an essential component of 
competency-based medical education.12 
An assessment system that enables 
teachers to assist students in developing 
and achieving their learning goals is a 
vital component of a learner-centered 
curriculum, which addresses the needs 
of millennial learners, many of whom 
engage in independent, asynchronous 
learning.


The Case for a Formatively 
Focused Assessment System in 
Undergraduate Medical Education


The Liaison Committee on Medical 
Education (LCME) has mandated 
formative assessment as a requirement 
in undergraduate medical education 
(UME) through midclerkship and/
or midcourse feedback to students for 
remediation purposes.14 To serve as a 
critical contributor to medical students’ 
education, however, formative assessment 
must be at the heart of their training, 
not just included to satisfy accreditation 
requirements or to ensure that everyone 
passes. Unlike other professional training 
cultures such as music and sports, in 
which feedback is expected, respected, 


Abstract


This Perspective addresses the need for 
an integrated system of formative and 
summative assessment in undergraduate 
medical education with a focus on the 
formative. While acknowledging the 
importance of summative assessment, 
which asks whether trainees have met 
criteria for progression, the authors 
propose that a formatively focused 
assessment system can best accomplish a 
central task of competency-based medical 
education: transmitting feedback to 
learners in a format and a manner that 
will help them to improve, develop, and 
grow. Formative assessment should not 


be seen as a set of singular events but, 
rather, as a process that is organized and 
integrated over time, much like the cycle 
of quality improvement in medicine. To 
justify this position, the authors discuss its 
conceptual underpinnings and rationale, 
including the need to prepare learners for 
the formatively focused assessment system 
of graduate medical education. Next, the 
authors identify assessment strategies 
that could be employed, as well as the 
characteristics of an institutional culture 
and the learner–teacher relationship 
necessary for a learner-centered, 
improvement-focused assessment system 


to succeed. Finally, an infrastructure for 
such a system is proposed. This consists 
of a foundation of well-articulated and 
disseminated milestones for achievement 
and four pillars: faculty development, 
learner development, longitudinal 
academic advising and coaching, 
and documentation of developing 
competence. The authors conclude by 
suggesting that the guidelines proposed 
are analogous to the principles of 
continuity and coordination of care, so 
much valued in the world of medicine 
yet often overlooked in the world of 
education.
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and given regularly to all learners, we 
have not yet cultivated a true feedback 
culture in medical education.15,16


Formative assessments typically used 
today could be likened to a series 
of punch biopsies performed by 
independent physicians who do not 
communicate with each other. They are 
highly context dependent, often done 
on the fly, and focused on ensuring 
that the learner is doing well. These 
assessments do not go very deep, nor are 
they truly valued by the students because 
they do not “count for a grade.” They 
may uncover a potential problem, but 
remediation efforts are usually limited 
to the time of that teacher’s course. 
Information, negative or positive, is 
rarely passed on to future courses and 
instructors.


We suggest that assessment is most 
useful when it is part of an organized 
and ongoing process rather than a 
set of unrelated events. The process 
should generate information that (1) is 
systematically translated into detailed 
feedback that informs students about 
their performance, (2) leads to the 
development of specific plans for 
improvement supported and guided 
by faculty, (3) is subject to follow-
through whereby students present 
evidence of progress, and (4) is part 
of a continuous cycle over time. Such 
a process would encourage the learner 
to engage in a personal, educational 
plan–do–study–act (PDSA) cycle 
(see Figure 1), a commonly used 
framework in quality improvement 
in medicine,17 and applicable to 
continuous improvement throughout 
all four years of medical school, into 
residency training, and beyond. In 
fact, this cycle is most effective when 
teacher and student collaborate in 
a dynamic relationship of teaching 
and learning informed by formative 
assessments.


The Next Accreditation System18,19 in 
graduate medical education (GME) 
integrates formative and summative 
assessments into one system, with 
formative data gathered systematically 
and shared deliberately with the 
learner over time, ultimately informing 
the final summative decision. 
Multiple assessments by multiple 
assessors inform clinical competency 
committees’ evaluations of a trainee’s 


progress every six months, and 
specialty-based milestones are used to 
give more granularity about the level 
of competence attained. Milestones 
decisions are informed by individual 
workplace-based assessments which 
provide feedback to the trainee in the 
moment. Milestones are intended to 
serve as a framework for formative 
assessment20 and to promote a 
longitudinal, developmental approach, 
over the course of a residency program, 
to achieving competence and becoming 
ready for independent practice. This 
new assessment system shifts attention 
away from performance and instead 
emphasizes learning in much the same 
way that we are advocating for UME 
assessment. A formative focus in UME 
better prepares students for residency 
training, which now demands ongoing 
formative assessment wherein 
integrating feedback into practice is 
critical for developing competence and 
improving quality of care and patient 
safety.


Challenges to Building a 
Formatively Focused Assessment 
System in UME


Educators in GME face numerous 
challenges in implementing a formatively 
focused assessment system, including 
the feasibility of frequent, accurate, and 
reliable workplace-based assessments. 
However, their summative duty—to certify 
that those completing their program are 
fit to be independent practitioners in 
their specialty—emphasizes the need to 
be absolutely certain that the assessment 
process identifies those who are not 
ready to provide high-quality care and 
ensure patient safety. In contrast, the 
challenges for assessment in UME are 
considerably more diverse; faculty might 
be uncertain about expected standards 
of competence and potentially less 
invested in learners who are not entering 
their field. Further, students often come 
to medical school from a culture that 
focuses on individual achievement and 
competitive advantage,21,22 and they may 


Figure 1 The educational plan–do–study–act (PDSA) cycle. A tool adapted from PDSA cycles 
commonly used in quality improvement in medicine,17 that can be used by teachers and students 
to guide learning in a formatively focused assessment system.
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not be prepared to accept constructive 
feedback or to trust that anything but 
positive feedback will somehow put 
them at a “competitive disadvantage.” 
They may not see the value of formative 
assessment if it does not “count towards 
the grade.” Teachers in UME often 
view themselves narrowly as imparters 
of knowledge, leaving assessment to 
others. Compounding the problem, their 
exposure to students is typically brief, so 
that by the time teachers come to know 
their students’ strengths and shortcomings 
through some form of assessment, the 
students become someone else’s “gift,” if 
they are strong—or “burden,” if they have 
challenges.


Conceptual Underpinnings of a 
Formatively Focused Assessment 
System


An assessment system that emphasizes 
the formative can only thrive in a 
culture that embraces and supports 
improvement. Referring largely to 
individual orientations, psychologist 
Carol Dweck has distinguished between 
a “performance” orientation versus a 
“learning” or “mastery” orientation.23,24 
In the system that values the former, 
students have the goal of looking good, 
to make others think favorably of them. 
With such an orientation, students 
are prone to hide errors, mask or deny 
any uncertainty, and view feedback as 
punitive and generally to be avoided. In 
contrast, a learning orientation is one in 
which the student’s goal is to improve—to 
gain mastery over the subject or skill 
at hand. With a learning orientation, 
students would freely admit uncertainty 
in order to gain advice and counsel. 
Feedback would be welcomed as a way of 
ascertaining where and how to improve.


For formative assessment to be effective, 
a medical school can (and must) create 
a culture in which a learning orientation 
can thrive. This begins on day one of 
medical school, when students are told 
that they can take risks and expose both 
their strengths and challenges, and that 
principle is reinforced throughout the 
curriculum. In such an environment, 
educators care as much about students’ 
questions as their answers, the rationale 
for their responses as much as the 
responses themselves. A formatively 
focused assessment culture not only can 
thrive when a learning orientation exists 
but also, in the spirit of “assessment 


drives learning,” can facilitate its 
existence. However, as important as it 
is to tell students that inquiry, curiosity, 
and risk taking are valued, espousing the 
rhetoric of a learning environment in the 
presence of an assessment system that 
supports looking good creates a hidden 
curriculum25 that can be damaging.


Vygotsky’s26 theory of the Zone of Proximal 
Development (ZPD) is also useful in 
informing a formatively focused assessment 
system. The ZPD is defined as the “learning 
edge”: the knowledge or skills that are at 
the limits of a student’s competence, the 
ones by which they are challenged but 
that are achievable through guidance. 
According to Vygotsky, a “knowledgeable 
other,” someone who has mastered the area 
already, needs to coach learners in their 
ZPD. Formative assessment is critical to this 
coaching. Empowering faculty to function 
as “knowledgeable others” in the ZPD 
and building the trust of the students that 
faculty will function in this way would be 
a real culture shift toward an educational 
system that encourages learning over 
performance.


Implementing a Formatively 
Focused Assessment System in 
UME


A systems approach to assessment design 
has been endorsed in the literature.27,28 
Ideally, such a system would encompass 
the complementary functions of formative 
and summative assessment.27 In the 
following section, we review the elements, 


characteristics, infrastructure, and resources 
necessary for a formatively focused system.


Elements


Virtually all assessment approaches 
can be used in formative assessment, 
as long as they are specifically devised 
to emphasize providing feedback that 
encourages self-reflection and are used to 
direct, guide, and catalyze learning. For 
example, workplace-based assessments 
such as the American Board of Internal 
Medicine’s Mini-Clinical Evaluation 
Exercise29,30 can be a powerful tool for 
improving the clinical skills of students 
and residents—if at the end of each 
encounter, the faculty member and 
student engage in a brief discussion 
wherein the trainee offers a self-appraisal 
and the faculty member offers additional 
feedback, with the goal of creating a plan 
for improvement. Although simulation 
is often thought of as summative 
assessment, debriefing sessions can 
also help learners understand expected 
standards, improve their motivation 
to learn and their ability to self-assess, 
and promote deliberate practice.31 
Even traditional forms of summative 
assessment such as multiple-choice 
question exams can be used formatively 
by encouraging learners to analyze their 
results to identify knowledge gaps and 
generate plans for closing those gaps.


Characteristics


List 1 highlights the characteristics 
of an institutional culture that would 
support a formatively focused assessment 


List 1
Institutional Characteristics of a Formatively Focused Assessment System


Institutionally, a formative assessment system should:


•	 Be	organized,	integrated,	and	comprehensive,	having	the	characteristics	of	a	coordinated	
and unified system.


•	 Be	complementary	to	the	summative	assessment	system.	In	mapping	a	system,	educators	
should consider purpose and optimal use of formative and summative elements.


•	 Provide	data	and	feedback	in	many	different	forms	from	a	variety	of	sources.


•	 Have	both	central	stewardship	and	local	accountability.	A	designee	of	the	medical	school	
should oversee both formative and summative assessment systems to ensure that both 
assessment functions are serving to complement one another.


•	 Be	seen	as	a	continuous	process	over	the	learner’s	entire	tenure	and	implemented	at	
multiple points in time.


•	 Include	systemic	collection	and	utilization	of	assessment	data	so	that	feedback	and	
improvement discussions become part of a team effort rather than a private transfer of 
information between learner and teacher.


•	 Place	responsibility	for	improvement	on	both	learner	and	teacher,	and	hold	both	
accountable for seeking and monitoring progress.


•	 Include	learner	sessions	on	how	to	effectively	seek,	receive,	and	use	feedback.


•	 Include	faculty	development	sessions	so	that	teachers	can	learn	how	to	engage	as	coaches,	
using appropriate motivational techniques to encourage self-improvement in learners.
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system, including central oversight and 
commitment to a longitudinal four-year 
approach. List 2 articulates attributes of 
this culture’s learner–teacher relationship. 
Embedded within this approach is the 
development of close, trusting student–
teacher relationships focused on honest 
and specific feedback, reflection, and 
promotion of student development.


Infrastructure


The foundation of any competency-based 
assessment system is a set of defined 
expectations for achievement. While goals 
and objectives are required by the LCME, 
they are related to levels of achievement 
either at the end of courses and clerkships 
or at the end of medical school. In a 
formatively focused assessment system 
where the development of competence 
is monitored longitudinally, it is 
essential that both learner and teacher 
identify milestones—conceived as 
markers of progress—in knowledge 
and skills across the curriculum. The 
RIME (reporter–interpreter–manager–
educator) framework32 is an example 
of a developmental framework for 
assessing skills and providing feedback 
across clinical learning experiences in 
UME. Entrustable professional activities 
(EPAs) also can be used to guide 


undergraduate learning across the arc of 
the medical school curriculum.33 On this 
foundation of well-defined markers of 
achievement stand four pillars to support 
the formatively focused assessment 
system: faculty development, learner 
development, a longitudinal advising 
and coaching program, and a method for 
documentation.


Faculty development. Building an 
effective student–teacher relationship 
is essential to optimal learning and can 
be taught explicitly.34 Faculty must learn 
to articulate the importance of both 
formative and summative assessment, as 
well as their role as assessors and coaches, 
as a critical step in promoting trust. 
Feedback strategies should be tailored to 
building the student–teacher relationship 
and challenging learners to self-assess 
and develop their own strategies for 
improvement. The ask–discuss–ask 
feedback framework35 is designed to 
achieve these goals. Faculty development 
should also focus on developing and 
disseminating a shared mental model for 
milestones and a time frame for achieving 
competence. Finally, faculty need to be 
trained in Vygotsky’s ZPD, to serve as 
the “knowledgeable other,” encouraging 
students to discover and share their 


“learning edge” and coaching them for 
improvement.


Learner development. The process of 
training medical students to become 
engaged in the cycle of feedback, 
development, and growth begins with 
creating a learning/mastery culture 
where students feel safe, even rewarded, 
for acknowledging their limitations and 
seeking feedback. This should begin on 
entry and progress throughout their four 
years of medical school with increasing 
responsibility placed on the student for 
self-directed learning and self-assessment, 
and engaging in effective student–teacher 
relationships. Students should also 
receive specific training on how to seek 
and integrate feedback, calibrate their 
self-assessments,36,37 and engage in PDSA 
cycles informed by both summative and 
formative assessments. Finally, students 
should be assessed on their ability to 
receive and integrate feedback as a part of 
developing competence in practice-based 
learning and improvement critical to 
success in GME.


Longitudinal academic advising and 
coaching. A longitudinal academic 
advising program, in which faculty 
members become closely invested in 
their advisees and students come to see 
faculty as valuable resources, is essential 
to our proposed system. Advisors would 
have access to students’ summative 
evaluations, as well as formative 
evaluations, and would be responsible for 
assisting them in developing individual 
learning plans (ILPs).38 This advising 
program should be complemented by an 
effective coaching culture in courses and 
clerkships, with a focus on promoting 
deliberate practice through ongoing 
formative assessment.39


Both advising and coaching programs 
require establishing a trusting relationship 
between teacher and learner. Ideally 
this is achieved through sustained, 
longitudinal relationships, more easily 
implemented in an advising program 
than in a clinical coaching program, given 
the short curricular rotation blocks for 
students and shorter inpatient blocks for 
faculty. Building trust and continuity in 
learning, teaching, and assessment has 
been addressed in the movement toward 
learning communities in UME40 and in 
longitudinal integrated clerkships.41,42 
However, many schools have not found 
it feasible to structure longitudinal 


List 2
Learner–Teacher Relationship in a Formatively Focused Assessment System


Interpersonally, the nature of the student–teacher relationship in a formative assessment system 
should:


•	 Be	developmental.	Markers	or	milestones	must	be	laid	out	for	both	assessors	and	students	
so that they have a sense of the proper expectations and faculty can communicate how the 
student may reach the next level.


•	 Be	learner	centered.	Assessment	methods	should	relate	to	the	student’s	learning	goals,	and	
the	student’s	performance	should	be	related	to	external	measures	of	performance.


•	 Be	improvement	focused.	Learners	should	be	encouraged	to	work	constantly	towards	
continuous improvement and aspire to excellence rather than accepting a test score, even 
minimal competence, and then moving on to a new subject.


•	 Encourage	student	self-reflection.	Students	should	be	encouraged	to	take	responsibility	for	
assessing their own performance so as to improve skills in self-assessment and internalize 
skills for using feedback to improve performance.


•	 Draw	on	a	broad	range	of	assessment	data,	which	encourage	exploration	of	the	learner’s	
thinking process and multiple dimensions of performance.


•	 Involve	regularly	scheduled	feedback	to	the	learner	to	close	the	loop.	Feedback	must	be	
regularly	scheduled	rather	than	exclusively	“on-the-fly,”	and	be	substantive	and	specific	to	
motivate the learner to continue improving.


•	 Encourage	relationship	building.	Feedback	should	be	given	face	to	face,	with	a	coaching	
focus so as to strengthen the bond between learner and teacher.


•	 Include	follow-up	to	ensure	that	the	learner	is	accountable	for	continuing	to	work	on	
performance issues.


•	 Provide	learners	with	directions	and	resources	to	improve,	rather	than	just	vague	
encouragement, and encourage the learners to identify their own strategies for 
improvement.


•	 Promote	teacher	self-reflection	on	the	nature	of	the	feedback	conversation	and	ways	of	
making it more effective.
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student–teacher experiences, and further, 
the challenge in passing on and conveying 
information about a medical student’s 
strengths, challenges, and competence 
to future teachers or course directors 
persists. Much controversy surrounds 
sharing information about students, or 
“forward feeding,” in UME. Some have 
warned about the dangers of self-fulfilling 
prophecies, labeling, and potential 
stigmatization, while others argue that 
when done correctly, sharing information 
for the student’s benefit contributes to 
meaningful longitudinal assessment and 
develops better doctors.43–45 In fact, forward 
feeding has been endorsed by a majority of 
internal medicine clerkship directors46 and 
may be a critical element of systematizing 
formative assessment throughout a 
student’s education and promoting 
accountability for learning outcomes.


One way to generalize the continuity 
of learning and assessment is to charge 
both teacher and learner with carrying 
information forward. For example, in 
an interview at the end of a course, a 
student would share strengths, challenges, 
and learning goals and receive feedback 
from a faculty member. Students would 
then meet with their advisor to develop a 
learning plan for the next clerkship and 
arrive prepared to share it and implement 
it as part of their educational PDSA 
cycle. The teacher would be prepared to 
receive this information and use it to help 
build an effective collaborative coaching 
relationship with the learner.


Formative documentation. Required 
documentation of learning activities, 
competence achieved, and feedback 
given is essential in a formatively focused 
assessment system. While the transcript 
serves as a formal documentation 
of summative assessment, formative 
assessment is less likely to be documented 
longitudinally unless a learner is 
experiencing serious difficulties. Although 
used by many strictly for summative 
purposes, the portfolio can be used equally 
for documenting developing competence. 
Portfolios can be most effective when 
advisors review and assist in the 
interpretation of the evidence47 and work 
with learners to revise ILPs with an eye 
toward monitoring ongoing progress.48,49


Resources


Much of what we propose demands 
strong leadership and management 


of cultural change and a retooling of 
existing infrastructure, rather than a 
large outlay of capital for new programs. 
Markers of achievement of competence 
may be developed through national 
organizations, similar to the Association 
of American Medical Colleges’ 
development of UME EPAs.50 While 
recruiting faculty to serve as longitudinal 
academic advisors or coaches may 
require resources to support their time, 
the improved transfer of information 
may actually make teaching and learning 
more efficient, and stronger student–
teacher relationships may make it more 
rewarding.


Conclusion


Formative student assessment must be 
seen as a continuous process involving 
several components forming a closed 
loop: collecting relevant, usable 
information; sharing that information 
between a student and all those with 
whom he or she interacts; developing 
self-directed (but closely overseen) 
learning goals along with guidance and 
resources for accomplishing these goals; 
and regularly following up to identify 
progress and any barriers to achieving 
those goals.


Although not often recognized, the 
parallels between the principles espoused 
here and those of quality improvement 
in clinical care are noteworthy. How 
different is a commitment to patient-
centered care from a concern for learner-
centered education? Continuity and 
coordination of care seem equally relevant 
when we talk about improvement of the 
student as well as recovery of the patient. 
Assessment and quality care both work 
best when all of the elements of the 
system are in sync, and when we have 
teamwork among professionals working 
together rather than relying on the skills 
of isolated individuals. It is crucial in 
both patient-centered care and learner-
centered education to know how to 
conduct successful handoffs and engage in 
constant monitoring. In essence, quality 
formative assessment of medical students 
is little more than the practice of good 
medicine, and we should be as committed 
to it in the educational sphere as we are 
in the clinical. It is this approach that 
will lead to physicians who will learn and 
grow throughout their careers and, thus, 
provide the best care to their patients.
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A s an attending physician working with a student for a week, you receive a form that 
asks you to evaluate the student’s fund of knowledge, procedural skills, professional-
ism, interest in learning, and “systems-based practice.” You wonder which of these 
attributes you can reliably assess and how the data you provide will be used to further 
the student’s education. You also wonder whether other tests of knowledge and com-
petence that students must undergo before they enter practice are equally problematic.


In one way or another, most practicing physicians are involved in 
assessing the competence of trainees, peers, and other health professionals. As 
the example above suggests, however, they may not be as comfortable using 


educational assessment tools as they are using more clinically focused diagnostic 
tests. This article provides a conceptual framework for and a brief update on com-
monly used and emerging methods of assessment, discusses the strengths and 
limitations of each method, and identifies several challenges in the assessment of 
physicians’ professional competence and performance.


Compe tence a nd Per for m a nce


Elsewhere, Hundert and I have defined competence in medicine as “the habitual and 
judicious use of communication, knowledge, technical skills, clinical reasoning, 
emotions, values, and reflection in daily practice for the benefit of the individuals 
and communities being served.”1 In the United States, the assessment of medical 
residents, and increasingly of medical students, is largely based on a model that 
was developed by the Accreditation Council for Graduate Medical Education (ACGME). 
This model uses six interrelated domains of competence: medical knowledge, patient 
care, professionalism, communication and interpersonal skills, practice-based learn-
ing and improvement, and systems-based practice.2


Competence is not an achievement but rather a habit of lifelong learning3; as-
sessment plays an integral role in helping physicians identify and respond to their 
own learning needs. Ideally, the assessment of competence (what the student or 
physician is able to do) should provide insight into actual performance (what he or 
she does habitually when not observed), as well as the capacity to adapt to change, 
find and generate new knowledge, and improve overall performance.4


Competence is contextual, reflecting the relationship between a person’s abilities 
and the tasks he or she is required to perform in a particular situation in the real 
world.5 Common contextual factors include the practice setting, the local prevalence 
of disease, the nature of the patient’s presenting symptoms, the patient’s education-
al level, and other demographic characteristics of the patient and of the physician. 
Many aspects of competence, such as history taking and clinical reasoning, are 
also content-specific and not necessarily generalizable to all situations. A student’s 
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clinical reasoning may appear to be competent in 
areas in which his or her base of knowledge is 
well organized and accessible6 but may appear to 
be much less competent in unfamiliar territory.7 
However, some important skills (e.g., the ability 
to form therapeutic relationships) may be less 
dependent on content.8


Competence is also developmental. Habits of 
mind and behavior and practical wisdom are 
gained through deliberate practice9 and reflection 
on experience.10-14 Students begin their training 
at a novice level, using abstract, rule-based formu-
las that are removed from actual practice. At high-
er levels, students apply these rules differentially 
to specific situations. During residency, trainees 
make judgments that reflect a holistic view of a 
situation and eventually take diagnostic shortcuts 
based on a deeper understanding of underlying 
principles. Experts are able to make rapid, context-
based judgments in ambiguous real-life situations 
and have sufficient awareness of their own cogni-
tive processes to articulate and explain how they 
recognize situations in which deliberation is es-
sential. Development of competence in different 
contexts and content areas may proceed at differ-
ent rates. Context and developmental level also 
interact. Although all clinicians may perform at 
a lower level of competence when they are tired, 
distracted, or annoyed, the competence of less 
experienced clinicians may be particularly suscep-
tible to the influence of stress.15,16


G oa l s of A ssessmen t


Over the past decade, medical schools, postgrad-
uate training programs, and licensing bodies have 
made new efforts to provide accurate, reliable, and 
timely assessments of the competence of trainees 
and practicing physicians.1,2,17 Such assessments 
have three main goals: to optimize the capabili-
ties of all learners and practitioners by providing 
motivation and direction for future learning, to 
protect the public by identifying incompetent phy-
sicians, and to provide a basis for choosing ap-
plicants for advanced training.


Assessment can be formative (guiding future 
learning, providing reassurance, promoting reflec-
tion, and shaping values) or summative (making 
an overall judgment about competence, fitness to 
practice, or qualification for advancement to high-
er levels of responsibility). Formative assessments 
provide benchmarks to orient the learner who is 


approaching a relatively unstructured body of 
knowledge. They can reinforce students’ intrinsic 
motivation to learn and inspire them to set higher 
standards for themselves.18 Although summative 
assessments are intended to provide professional 
self-regulation and accountability, they may also 
act as a barrier to further practice or training.19 
A distinction should be made between assess-
ments that are suitable only for formative use 
and those that have sufficient psychometric rigor 
for summative use. This distinction is especially 
important in selecting a method of evaluating 
competence for high-stakes assessments (i.e., 
licensing and certification examinations). Corre-
spondingly, summative assessments may not pro-
vide sufficient feedback to drive learning.20 How-
ever, because students tend to study that which 
they expect to be tested on, summative assess-
ment may influence learning even in the absence 
of feedback.


A ssessmen t Me thods


All methods of assessment have strengths and 
intrinsic flaws (Table 1). The use of multiple ob-
servations and several different assessment meth-
ods over time can partially compensate for flaws 
in any one method.1,21 Van der Vleuten22 describes 
five criteria for determining the usefulness of a 
particular method of assessment: reliability (the 
degree to which the measurement is accurate and 
reproducible), validity (whether the assessment 
measures what it claims to measure), impact on 
future learning and practice, acceptability to learn-
ers and faculty, and costs (to the individual trainee, 
the institution, and society at large).


Written Examinations


Written examination questions are typically classi-
fied according to whether they are open-ended or 
multiple choice. In addition, questions can be 
“context rich” or “context poor.”23 Questions with 
rich descriptions of the clinical context invite the 
more complex cognitive processes that are char-
acteristic of clinical practice.24 Conversely, context-
poor questions can test basic factual knowledge 
but not its transferability to real clinical problems.


Multiple-choice questions are commonly used 
for assessment because they can provide a large 
number of examination items that encompass 
many content areas, can be administered in a rel-
atively short period, and can be graded by com-
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puter. These factors make the administration of 
the examination to large numbers of trainees 
straightforward and standardized.25 Formats that 
ask the student to choose the best answer from a 
list of possible answers are most commonly used. 
However, newer formats may better assess pro-
cesses of diagnostic reasoning. Key-feature items 
focus on critical decisions in particular clinical 
cases.26 Script-concordance items present a situ-
ation (e.g., vaginal discharge in a patient), add a 
piece of information (dysuria), and ask the exam-
inee to assess the degree to which this new in-
formation increases or decreases the probability 
of a particular outcome (acute salpingitis due to 
Chlamydia trachomatis).27 Because the situations por-
trayed are ambiguous, script-concordance items 
may provide insight into clinical judgment in the 
real world. Answers to such items have been 
shown to correlate with the examinee’s level of 
training and to predict future performance on 
oral examinations of clinical reasoning.28


Multiple-choice questions that are rich in con-
text are difficult to write, and those who write 
them tend to avoid topics — such as ethical dilem-
mas or cultural ambiguities — that cannot be 
asked about easily.29 Multiple-choice questions 
may also create situations in which an examinee 
can answer a question by recognizing the correct 
option, but could not have answered it in the 
absence of options.23,30 This effect, called cueing, 
is especially problematic when diagnostic reason-
ing is being assessed, because premature closure 
— arriving at a decision before the correct diag-
nosis has been considered — is a common reason 
for diagnostic errors in clinical practice.31,32 Ex-
tended matching items (several questions, all with 
the same long list of possible answers), as well 
as open-ended short-answer questions, can mini-
mize cueing.23 Structured essays also preclude 
cueing. In addition, they involve more complex 
cognitive processes and allow for more contex-
tualized answers than do multiple-choice ques-
tions. When clear grading guidelines are in place, 
structured essays can be psychometrically robust.


Assessments by Supervising Clinicians


Supervising clinicians’ observations and impres-
sions of students over a specific period remain the 
most common tool used to evaluate performance 
with patients. Students and residents most com-
monly receive global ratings at the end of a rota-
tion, with comments from a variety of supervis-


ing physicians. Although subjectivity can be a 
problem in the absence of clearly articulated 
standards, a more important issue is that direct 
observation of trainees while they are interacting 
with patients is too infrequent.33


Direct Observation or Video Review


The “long case”34 and the “mini–clinical-evalua-
tion exercise” (mini-CEX)35 have been developed 
so that learners will be directly observed more fre-
quently. In these assessments, a supervising phy-
sician observes while a trainee performs a focused 
history taking and physical examination over a 
period of 10 to 20 minutes. The trainee then pres-
ents a diagnosis and a treatment plan, and the 
faculty member rates the resident and may pro-
vide educational feedback. Structured exercises 
with actual patients under the observation of the 
supervising physician can have the same level of 
reliability as structured examinations using stan-
dardized patients34,36 yet encompass a wider range 
of problems, physical findings, and clinical set-
tings. Direct observation of trainees in clinical 
settings can be coupled with exercises that train-
ees perform after their encounters with patients, 
such as oral case presentations, written exercises 
that assess clinical reasoning, and literature search-
es.8,37 In addition, review of videos of encounters 
with patients offers a powerful means of evaluat-
ing and providing feedback on trainees’ skills in 
clinical interactions.8,38


Clinical Simulations


Standardized patients — actors who are trained 
to portray patients consistently on repeated occa-
sions — are often incorporated into objective 
structured clinical examinations (OSCEs), which 
consist of a series of timed “stations,” each one 
focused on a different task. Since 2004, these ex-
aminations have been part of the U.S. Medical 
Licensing Examination that all senior medical stu-
dents take.39 The observing faculty member or 
the standardized patient uses either a checklist 
of specific behaviors or a global rating form to 
evaluate the student’s performance.40 The check-
list might include items such as “asked if the pa-
tient smoked” and “checked ankle reflexes.” The 
global rating form might ask for a rating of how 
well the visit was organized and whether the stu-
dent was appropriately empathetic. A minimum of 
10 stations, which the student usually visits over 
the course of 3 to 4 hours, is necessary to achieve 
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a reliability of 0.85 to 0.90.41 Under these condi-
tions, structured assessments with the use of 
standardized patients are as reliable as ratings of 
directly observed encounters with real patients 
and take about the same amount of time.42


Interactions with standardized patients can be 
tailored to meet specific educational goals, and 
the actors who portray the patients can reliably 
rate students’ performance with respect to history 
taking and physical examinations. Faculty mem-
bers who observe encounters with standardized 
patients can offer additional insights on trainees’ 
clinical judgment and the overall coherence of 
the history taking or physical examination. Unan-
nounced standardized patients, who with the ex-
aminees’ prior approval present incognito in ac-
tual clinical settings, have been used in health 
services research to evaluate examinees’ diagnos-
tic reasoning, treatment decisions, and communi-
cation skills.43-46 The use of unannounced stan-
dardized patients may prove to be particularly 
valuable in the assessment of higher-level trainees 
and physicians in practice.


The use of simulation to assess trainees’ clini-
cal skills in intensive care and surgical settings 
is on the rise.47 Simulations involving sophisticat-
ed mannequins with heart sounds, respirations, 
oximeter readings, and pulses that respond to a 
variety of interventions can be used to assess how 
individuals or teams manage unstable vital signs. 
Surgical simulation centers now routinely use 
high-fidelity computer graphics and hands-on 
manipulation of surgical instruments to create 
a multisensory environment. High-technology 
simulation is seen increasingly as an important 
learning aid and may prove to be useful in the 
assessment of knowledge, clinical reasoning, and 
teamwork.


Multisource (“360-Degree”) Assessments


Assessments by peers, other members of the clin-
ical team, and patients can provide insight into 
trainees’ work habits, capacity for teamwork, and 
interpersonal sensitivity.48-50 Although there are 
few published data on outcomes of multisource 
feedback in medical settings, several large pro-
grams are being developed, including one for all 
first- and second-year house officers in the United 
Kingdom and another for all physicians under-
going recertification in internal medicine in the 
United States. Multisource feedback is most effec-
tive when it includes narrative comments as well 


as statistical data, when the sources are recog-
nized as credible, when the feedback is framed 
constructively, and when the entire process is ac-
companied by good mentoring and follow-up.51


Recent studies of peer assessments suggest 
that when trainees receive thoughtful ratings and 
comments by peers in a timely and confidential 
manner, along with support from advisers to help 
them reflect on the reports, they find the process 
powerful, insightful, and instructive.51,52 Peer as-
sessments have been shown to be consistent re-
gardless of the way the raters are selected. Such 
assessments are stable from year to year53 and 
predict subsequent class rankings as well as sub-
sequent ratings by supervisors.54 Peer assessments 
depend on trust and require scrupulous attention 
to confidentiality. Otherwise they can be under-
mining, destructive, and divisive.


Although patients’ ratings of clinical perfor-
mance are valuable in principle, they pose several 
problems. As many as 50 patient surveys may be 
necessary to achieve satisfactory reliability.55 Pa-
tients who are seriously ill often do not complete 
surveys; those who do tend to rate physicians less 
favorably than do patients who have milder con-
ditions.56 Furthermore, patients are not always 
able to discriminate among the elements of clin-
ical practice,57 and their ratings are typically 
high. These limitations make it difficult to use 
patient reports as the only tool for assessing 
clinical performance. However, ratings by nurses 
can be valuable. Such ratings have been found to 
be reliable with as few as 6 to 10 reports,58 and 
they correlate with both patients’ and faculty 
members’ ratings of the interpersonal aspects of 
trainees’ performance.59


Fundamental cognitive limitations in the abil-
ity of humans to know themselves as others see 
them restrict the usefulness of self-assessment. 
Furthermore, rating oneself on prior clinical per-
formance may not achieve another important goal 
of self-assessment: the ability to monitor oneself 
from moment to moment during clinical prac-
tice.10,60 A physician must possess this ability in 
order to meet patients’ changing needs, to recog-
nize the limits of his or her own competence, 
and to manage unexpected situations.


Portfolios


Portfolios include documentation of and reflection 
about specific areas of a trainee’s competence. 
This evidence is combined with self-reflection.61 


The New England Journal of Medicine 
Downloaded from nejm.org at TEXAS TECH UNIVERSITY HEALTH SCIENCES CENTER on July 5, 2019. For personal use only. No other uses without permission. 


 Copyright © 2007 Massachusetts Medical Society. All rights reserved. 







Medical Education


n engl j med 356;4 www.nejm.org january 25, 2007 393


In medicine, just as in the visual arts, portfolios 
demonstrate a trainee’s development and techni-
cal capacity. They can include chart notes, refer-
ral letters, procedure logs, videotaped consulta-
tions, peer assessments, patient surveys, literature 
searches, quality-improvement projects, and any 
other type of learning material. Portfolios also 
frequently include self-assessments, learning 
plans, and reflective essays. For portfolios to be 
maximally effective, close mentoring is required 
in the assembly and interpretation of the contents; 
considerable time can be expended in this effort. 
Portfolios are most commonly used in formative 
assessments, but their use for summative evalua-
tions and high-stakes decisions about advance-
ment is increasing.20


Ch a l lenges in A ssessmen t


New Domains of Assessment


There are several domains in which assessment is 
in its infancy and remains problematic. Quality 
of care and patient safety depend on effective 
teamwork,62 and teamwork training is empha-
sized as an essential element of several areas of 
competence specified by the ACGME, yet there is 
no validated method of assessing teamwork. Ex-
perts do not agree on how to define professional-
ism — let alone how best to measure it.63 Dozens 
of scales that rate communication are used in 
medical education and research,64 yet there is 
little evidence that any one scale is better than 
another; furthermore, the experiences that patients 
report often differ considerably from ratings given 
by experts.65


Multimethod and Longitudinal Assessment


The use of multiple methods of assessment can 
overcome many of the limitations of individual 
assessment formats.8,22,36,66 Variation of the clin-
ical context allows for broader insights into com-
petence, the use of multiple formats provides 
greater variety in the areas of content that are 
evaluated, and input from multiple observers pro-
vides information on distinct aspects of a trainee’s 
performance. Longitudinal assessment avoids ex-
cessive testing at any one point in time and serves 
as the foundation for monitoring ongoing profes-
sional development.


In the example at the beginning of this article, 
a multimethod assessment might include direct 
observation of the student interacting with several 


patients at different points during the rotation, 
a multiple-choice examination with both “key 
features” and “script-concordance” items to as-
sess clinical reasoning, an encounter with a stan-
dardized patient followed by an oral examination 
to assess clinical skills in a standardized setting, 
written essays that would require literature search-
es and synthesis of the medical literature on the 
basic science or clinical aspects of one or more 
of the diseases the student encountered, and peer 
assessments to provide insights into interperson-
al skills and work habits.


The combination of all these results into a 
portfolio resembles the art of diagnosis; it de-
mands that the student synthesize various bits 
and types of information in order to come up 
with an overall picture. Although a few medical 
schools have begun to institute longitudinal as-
sessments that use multiple methods,8 the best 
way to deal with the quantity and the qualitatively 
different types of data that the process generates 
is not yet clear. New ways of combining qualita-
tive and quantitative data will be required if port-
folio assessments are to find widespread applica-
tion and withstand the test of time.


Standardization of Assessment


Although accrediting organizations specify broad 
areas that the curriculum should cover and assess, 
for the most part individual medical schools make 
their own decisions about methods and standards 
of assessment. This model may have the advan-
tage of ensuring consistency between the curricu-
lum and assessment, but it also makes it difficult 
to compare students across medical schools for 
the purpose of subsequent training.67 The ideal 
balance between nationally standardized and 
school-specific assessment remains to be deter-
mined. Furthermore, within a given medical school, 
all students may not require the same package of 
assessments — for example, initial screening ex-
aminations may be followed by more extensive 
testing for those who have difficulties.


Assessment and Learning


It is generally acknowledged that assessment drives 
learning; however, assessment can have both in-
tended and unintended consequences.22 Students 
study more thoughtfully when they anticipate cer-
tain examination formats,68 and changes in the 
format can shift their focus to clinical rather than 
theoretical issues.69 Assessment by peers seems 
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to promote professionalism, teamwork, and com-
munication.52 The unintended effects of assess-
ment include the tendency for students to cram 
for examinations and to substitute superficial 
knowledge for reflective learning.


Assessment of Expertise


The assessment of trainees and physicians who 
have higher levels of expertise presents particular 
challenges. Expertise is characterized by unique, 
elaborated, and well-organized bodies of knowl-
edge that are often revealed only when they are 
triggered by characteristic clinical patterns.70,71 
Thus, experts who are unable to access their 
knowledge in artificial testing situations but who 
make sound judgments in practice may do poorly 
on some tests that are designed to assess commu-
nication skills, knowledge, or reasoning. Further-
more, clinical expertise implies the practical wis-
dom to manage ambiguous and unstructured 
problems, balance competing explanations, avoid 


premature closure, note exceptions to rules and 
principles, and — even when under stress — 
choose one of the several courses of action that 
are acceptable but imperfect. Testing either induc-
tive thinking (the organization of data to gener-
ate possible interpretations) or deductive thinking 
(the analysis of data to discern among possibili-
ties) in situations in which there is no consensus 
on a single correct answer presents formidable 
psychometric challenges.


Assessment and Future Performance


The evidence that assessment protects the public 
from poor-quality care is both indirect and scarce; 
it consists of a few studies that show correlations 
between assessment programs that use multiple 
methods and relatively crude estimates of quality 
such as diagnostic testing, prescribing, and refer-
ral patterns.72 Correlating assessment with future 
performance is difficult not only because of in-
adequacies in the assessment process itself but 
also because relevant, robust measures of out-
come that can be directly attributed to the effects 
of training have not been defined. Current efforts 
to measure the overall quality of care include pa-
tient surveys and analyses of institutional and 
practice databases. When these new tools are re-
fined, they may provide a more solid foundation 
for research on educational outcomes.


Conclusions


Considering all these challenges, current assess-
ment practices would be enhanced if the principles 
summarized in Table 2 were kept clearly in mind. 
The content, format, and frequency of assessment, 
as well as the timing and format of feedback, 
should follow from the specific goals of the med-
ical education program. The various domains of 
competence should be assessed in an integrated, 
coherent, and longitudinal fashion with the use 
of multiple methods and provision of frequent 
and constructive feedback. Educators should be 
mindful of the impact of assessment on learning, 
the potential unintended effects of assessment, 
the limitations of each method (including cost), 
and the prevailing culture of the program or in-
stitution in which the assessment is occurring.


Assessment is entering every phase of profes-
sional development. It is now used during the 
medical school application process,73 at the start 
of residency training,74 and as part of the “main-


Table 2. Principles of Assessment.


Goals of assessment


Provide direction and motivation for future learning, including knowledge, 
skills, and professionalism


Protect the public by upholding high professional standards and screening 
out trainees and physicians who are incompetent


Meet public expectations of self-regulation
Choose among applicants for advanced training


What to assess
Habits of mind and behavior
Acquisition and application of knowledge and skills
Communication
Professionalism
Clinical reasoning and judgment in uncertain situations
Teamwork
Practice-based learning and improvement 
Systems-based practice


How to assess
Use multiple methods and a variety of environments and contexts to capture 


different aspects of performance
Organize assessments into repeated, ongoing, contextual, and developmen-


tal programs
Balance the use of complex, ambiguous real-life situations requiring  reason-


ing and judgment with structured, simplified, and focused assessments 
of knowledge, skills, and behavior


Include directly observed behavior
Use experts to test expert judgment
Use pass–fail standards that reflect appropriate developmental levels
Provide timely feedback and mentoring


Cautions
Be aware of the unintended effects of testing
Avoid punishing expert physicians who use shortcuts
Do not assume that quantitative data are more reliable, valid, or useful than 


qualitative data
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tenance of certification” requirements that several 
medical boards have adopted.75 Multiple methods 
of assessment implemented longitudinally can 
provide the data that are needed to assess train-
ees’ learning needs and to identify and remediate 
suboptimal performance by clinicians. Decisions 
about whether to use formative or summative 
assessment formats, how frequently assessments 
should be made, and what standards should be 
in place remain challenging. Educators also face 
the challenge of developing tools for the assess-
ment of qualities such as professionalism, team-


work, and expertise that have been difficult to 
define and quantify.
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The role of assessment in expanding professional
horizons


MIRIAM FRIEDMAN BEN-DAVID
Centre for Medical Education, Dundee, UK


SUMMARY This paper explores assessment innovations which


have a system-wide effect on medical education and the medical


profession. Important assessment approaches such as the objective


structured clinical examination (OSCE), the portfolio, and hi-tech


simulations are examples of reform-driven developments. A


detailed account is provided on assessment areas that require


further developments.The identi® ed areas re¯ ect current thinking


in the Centre for Medical Education, University of Dundee


Medical School.The assessment innovations are being developed


alongside the implementation of the outcome-based curriculum.


Areas that require extensive work are: assessment of progression


towards de® ned outcomes, assessment of integrated abilities, assess-


ment of different forms of medical knowledge, assessment of


on-the-job learning, learning through assessment, assessment of


error management and assessment of portfolio evidence.The identi-


® ed areas for further assessment development are discussed and


where appropriate a theoretical framework is provided.


Introduction


The commonly used slogan `Assessment Drives Learning’
may be viewed as a rather limiting concept, considering the
broader spectrum of assessment-driven reforms during the
last two decades.An alternative motto, `Assessment expands
professional horizons’ , may imply a more comprehensive
encompassing de® nition of the important role of assess-
ment in further developing multiple dimensions of the
medical profession. Licensure and certi® cation organiza-
tions are seen as the `pioneers’ who are responsive to new
assessment methods on one hand and are concerned with
the standards of the health profession, societal demands,
scienti® c and academic shifts, on the other hand.
Consequently the analysis and synthesis of societal, academic
and professional forces in de® ning the physician role are a
major focus of high-stakes assessment programmes. Thus,
the assessment practice of certi® cation and licensure
organizations impacts on professional standards and the
quality of care in different societies.


The objective structured clinical examination (OSCE),
which was ® rst introduced in 1972 (Harden & Gleeson,
1979) is a good example of how an assessment approach, so
widely used, contributed signi® cantly to the change of clinical
skills teaching and assessment strategies. The OSCE
examination could be regarded as one factor that enhanced
a paradigm shift from the assessment of knowledge to the
assessment of physicians’ performance. Consequently the
introduction of the OSCE was instrumental in broadening
the de® nitions of professional dimensions such as skills,
competences, tasks, standards of performance, to name only
a few.


The portfolio approach to assessment of medical profes-


sionals (Snadden & Thomas, 1998) is another example of a
new approach which may introduce reform in the way we
understand professional competences as well as emphasizing
the importance of metacognition and re¯ ection in action
(Schon, 1983) as forms of cognitive styles employed by
physicians (Shehri, 1995). Commonly used terms such as
professional development, self-assessment, self-directed
learning, critical thinking and maintenance of competence
will be further de® ned with future developments of the
portfolio approach.


The development of hi-tech simulations (Knudson &
Sisley, 2000; Jones et al., 1997) for teaching and assessment
and the design of higher-order authentic assessment
(Wiggins, 1993) are another promising driving force which
may change educational and assessment strategies. Hi-tech
simulations provide an alternative method for the assess-
ment of clinical skills without the presence of a patient.The
design and implementation of such simulations enhances
the understanding of the skills under investigation (Phillips
& John, 2000).


Before one explores future developments in assessment
programmes, it is worthwhile to look back brie¯ y at the
signi® cant development of assessment in medical education
during the last decade. The progression could be traced
through movement from a simple to more sophisticated
assessment strategies. For example, the move from employing
a single method to the use of multiple methods (triangula-
tion); from the assessment of knowledge to the assessment
of competence; from the use of paper-and-pencil tests to
the use of performance tests, from normative pass/fail deci-
sions to assessment to a standard; from the search for
knowledge to the search for re¯ ection in action; from assess-
ment in structured environments to assessment of on-the-job
training.


Furthermore, test blueprints are being designed to
provide adequate sampling of test content, skills and attitudes
and to ensure equivalency of test forms and generalizability
of the test to similar performance characteristics. Reproduc-
ibility of test scores for pass/fail decisions is another
important concern of test developers (De Champlain et al.,
1998). Much work is being done to standardize subjective
judgement (Friedman et al., 1997), to set performance
standards (Friedman, 2000) and to generate best assess-
ment evidence from multiple sources (Norcini, 1999). Self-
assessment evidence and evidence generated by peer
assessment are being legitimized as long as assessment
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standards are being met. The focus is on the quality of the
assessment evidence, and the use of relevant research
information to validate the preferred assessment approaches.
Thus, best evidence based assessment (BEBA) could be
considered as another direction of the recent best evidence
medical education (BEME) movement (Harden et al.,
1999b).


Looking forward to new developments


The medical profession presents unique challenges to
medical educators to further de® ne and re® ne the desired
qualities of physicians. The list of assessment approaches
becomes increasingly sophisticated: ª The more we know,
the more we don’t knowº . The following discussion topics
are a few examples of assessment challenges encountered at
the University of Dundee Medical School, Centre for
Medical Education. Although the following assessment ques-
tions were generated in Dundee, they may have far-reaching
implications for other contextual situations.


(1) Assessment of progression toward de® ned outcomes
and the attainments of acceptable standards of perform-
ance.


(2) Assessment of integration of abilities: is the sum greater
than the parts?


(3) Assessment of forms of professional knowledge as well
as assessment of core knowledge.


(4) Assessment of on-the-job learning.
(5) Learning through assessment rather than assessment of


learning.
(6) Assessment of error management.
(7) Assessment of portfolio evidence.


Assessment of progression towards de® ned outcomes


The Dundee model of Outcome Based Education (Harden
et al., 1999a) is an example of a broadly designed framework
for de® ning the medical school product suitable for all levels
of the medical education continuum. The 12 outcomes
paradigm is a three-circle model. The inner circle contains
seven outcomes which describe ª what the doctor is able to
doº (i.e. clinical skills; practical procedures; patient investiga-
tions; patient management; health promotion; disease
prevention and communication). The middle circle, which
contains three outcomes, describes ª how the doctors
approach their practiceº (i.e. with appropriate understanding
of basic, social and clinical sciences and underlying


principles; with appropriate attitudes and ethical
understanding and legal responsibilities and with the
appropriate decision-making skills and clinical reasoning
and judgement). The outer circle, which contains two
outcomes, describes the ª Doctor as a professionalº (i.e.
understanding of the doctor’s role within the health system
and the understanding of personal development).


Outcome-based frameworks require a de® ned scheme of
levels of progression towards the outcome. Assessment
approaches must focus on the de® nition and evaluation of
the progression to ensure that trainees are `on track’ . Progres-
sion towards the outcome may be de® ned through a prede-
® ned framework: with relation to the outcomes. For example
the scope of competence, levels of attainment and de® ni-
tion of competence will vary accordingly with the areas of
the three-circle model (Harden et al., 1999b). It could also
be de® ned in terms of student development within the
natural student progression in the medical school.Table 1 is
an example of possible elements that de® ne student develop-
ment towards the outcome. When viewed in a polarized
progression it may invite the inclusion of additional elements.


Some medical school curricula have already incorporated
advanced levels of progression in the early phases of the
curriculum such as problem-based learning programmes,
early clinical exposure, self-directed learning programmes
and others.The pace of progression may vary depending on
the relevance of the progression to the curriculum phase, to
the learning context and to the outcomes. Consequently the
assessment system will ensure that the expected variation of
levels of attainment is de® ned and assessed. The de® nition
of sequential integration of content, skills and attitudes is
an important aspect of student progression. One may view
progress as a desired end-point at a given juncture but one
must ensure that the observed progress incorporates the
underlying integration of prior learning with new knowledge
and skills.


Assessment of forms of professional knowledge


Models that de® ne physician performance are challenged as
to the forms of knowledge embedded in professional
performance (Eraut, 1994). Traditional directions of
knowledge are felt to be inadequate for meeting system-
wide problems faced by contemporary society in general
and by the profession in particular (Barnett, 1994).
Academic competences are being displaced by modern
terminology such as skill, competence, outcome, informa-
tion, technique etc. A paradigm shift is being recognized


Table 1. Medical student levels of progression.


Initial level Advanced level


Discrete concepts © Integration
Simple © Increased complexity
Directed © Self-directed
Structured environment © Ill-structured environment
Limited responsibility © Increased responsibility
Independent work © Team work
Foundations of knowledge © Re¯ ection in action
Public knowledge © Personal knowledge
Certainty © Increased uncertainty
Recognizing error © Management of error
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from `practice and knowledge’ to `practice as knowledge’ .
The dilemma facing researchers is: what are the different
forms of knowledge which may be thought to underpin
action and how far can or should such knowledge be
prescribed (Winter & Maisch, 1996). Jessup (1990) claimed
that if a person performs competently we need not be
concerned with what he or she knows. Any knowledge the
individual requires can be inferred from his/her practice.
However, the UK Employment Department (1993) stated
that the issue of underpinning knowledge is more complex
than making inferences from observations and needs to be
speci® ed separately.


Michael Eraut (1994) developed a framework entitled
`Towards a map of professional knowledge’ . The model
consists of four dimensions: propositional (theoretical
knowledge and principles); personal (the personal database
each professional builds over time and over experiences);
process (the knowledge needed to perform a task, decision-
making strategies, metacognition and information seeking);
and moral principles.


Assessment of physician competences may bene® t from
a framework of different forms of knowledge employed by
physicians in their daily practice. A patient scenario may
serve as a source to identify all the possible knowledge
components embedded in the case and to de® ne the relevant
assessment questions related to the forms of medical
knowledge.


Core knowledge may take on a completely different
meaning when decisions are made as to what forms of
knowledge should be separated from action and which forms
of knowledge should be inferred from action.


Learning through assessment


Assessment practices in the medical profession need to
undergo a cultural reform.The more sophisticated the assess-
ment strategies the more appropriate they become for
feedback and learning. From an economic perspective as
well as from the professional education perspective, summa-
tive evaluations should always include formative informa-
tion. The assessment exercise becomes the `teachable
moment’ . The ® eld of medical education will bene® t from
summative assessment that incorporates formative features.
Consequently no distinction will be made between the two,
except that summative test results are used for promotion
decisions. One should continuously ask the following ques-
tions when designing a test: what type of learning experi-
ences can be incorporated in this examination either
immediately prior to the examination, during or after the
examination? The `teachable moment’ aspects implies that
the learning that takes place will be within immediate
proximity of the test itself.There are many examples in the
literature on examinations which incorporate immediate
feedback such as self-assessment, self-directed exercises,
re¯ ection on performance etc. (Abraham, 1998). As assess-
ment becomes a learning experience, students and medical
trainees will appreciate their assessment experiences and
will value the additional learning opportunities.


Assessment of integration of abilities: is the sum


greater than the parts?


One of the important principles of assessment is the match
between assessment methods and the learning mode, the


developmental level, the subject-matter and the programme
outcomes. As students progress from novices to experts
they integrate their learning experiences in a meaningful
way, which produces the desired results. As students develop,
multiple aspects of the profession are sequentially introduced
into their training and thus increase the complexity of the
required tasks. New professional dimensions are introduced
in addition to knowledge and skills, such as ethical dilemmas,
teamwork, personnel communication, time management,
simultaneous activities, organizational skills and decision-
making capabilities, which contribute to the increased
complexity of trainees’ performance. Consequently, students
should be given the opportunity to be assessed in the totality
of their performance by incorporating all possible dimen-
sions.


Assessment methodology should focus on creating
authentic environments, mainly at the latest stages of
undergraduate education which assess multiple dimensions
of performance as if they are carried out in real life.
Compartmentalized assessment exercises such as in the
OSCE are adequate for early stages of the undergraduate
curriculum. In order to address the concept of t̀he sum is
greater than the parts’ , more fully integrated models of
assessment are needed. Medical educators should investigate
how the additional dimensions affect the already learnt ability
and whether students maintain their abilities while attending
to the new dimensions. Assessment Centre Methodology
has introduced similar assessment exercises (Gaugler et al,,
1987), which aim at measuring complex integrated perform-
ances.


Such assessment strategies will further enhance the de® ni-
tion of multiple dimensions of behaviour when performed
simultaneously and feedback to students will serve as an
invaluable learning experience. If the exit outcomes of
medical school de® ne integrated performance as readiness
for the next phase, then such assessment strategy is essential.
A clinic or ward scenario that incorporates a number of
patients to be managed simultaneously and a multiprofes-
sional team is an example of such an approach.


Similar programmes are available in other professions
such as Business Enterprise, Industry, Military Service,
Community Activity etc. (Gibbes, 1974).The lessons learnt
in standardized patient programmes or non-live OSCE
stations have already laid the foundations for such assess-
ment programmes.


The commonly used terminology such as integrated
performance, authentic setting, multiprofessional educa-
tion is aiming at a higher level of simulations. Figure 1


Figure 1. Towards authentic and integrated simulation.
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demonstrates the progression of simulations on two axes


from non-authentic to authentic and from discrete to
integrated abilities. Medical schools should design assess-
ment activities that gradually progress from non-authentic
to authentic and from discrete to integrated (Figure 1).


Assessment of multidimensional pro® les as a function of
a virtual setting such as the clinic or hospital ward is the
future of assessment in medicine.


The assessment of error management


Human error in medicine is a neglected aspect of
undergraduate and graduate education. If we view assess-
ment as a vehicle for reform, design of assessment
approaches to error management may drive undergraduate
and postgraduate education with respect to curriculum
design and implications for practice. Insurance companies,
health organizations, the public and legal systems are all
concerned with the physician’s ability to manage errors.
Assessment programmes are being designed to identify physi-
cians at risk. However, the professional ® eld is in need of a
more comprehensive approach to assessment and educa-
tion with a better focus on prevention of errors. Ramon M.
Felciano (1997) summarizes some key concepts in error
management. He argues that errors happen and that systems
can encourage errors. Thus, if we expect humans to make
errors, we should focus in education on error tolerance and
error recovery as well as error prevention. Errors may
represent a continuum of behaviours where at one extreme
behaviours are automatic and at the other behaviours are
based on conscious actions.


In medicine, where perfection of performance is expected,
error analysis focuses on the individual and the incidents.
Correction is typically punishment and blame assignment.
Furthermore, because of extreme sensitivity to the legal
impact, physicians are often unwilling to openly discuss
mistakes. However, learning from mistakes is the more
constructive approach taken in aviation. Safety regulations
in medicine are mostly monitored by the local health institu-
tions, which may vary across health providers.


Apart from the human and system factors which
contribute to error in medical practice, other factors in
postgraduate education such as lack of supervision, exces-
sive working hours, sleep deprivation and inadequate formal
education also need to be considered in error management
education (Battles & Shea, 2000). Near-miss event-
reporting systems have been developed and tested to identify
and classify root causes of error (Battles & Shea, 2000). A
root-cause analysis system was originally developed for the
petrochemical industry and was modi® ed for the medical
domain. Models and theories of error management are being
developed, thus creating a framework for assessment and
education (Bogner, 1994; Reason, 1990).


However, in the absence of educational models for error
management, assessment practices may design case scenarios
that identify near misses or actual errors and develop aware-
ness, error management and strategies. Students and trainees
should analyse and recognize factors that led to error as
learning and assessment exercises. This in turn may assist
students to self-assess their own de® ciencies and learn to
act and modify behaviours based on mistakes.


Assessment of on-the-job learning


Successful design of on-the-job assessment depends highly
on the extent of understanding how trainees learn in the
workplace. The George Miller (Miller, 1990) pyramid of
competence keeps reminding us that we have adequate
assessment tools to evaluate the candidate’s knowledge
(Knows); multiple assessment approaches are available for
assessing application of knowledge (Knows How). The
OSCE approach and other performance measures are avail-
able to assess candidates in structured simulated environ-
ments (Shows How). However, the medical ® eld is in need
of new approaches to assess on-the-job learning (Does)
(Figure 2).


A learning paradigm of on-the-job learning (Marsick &
Watkins, 1990) introduces a framework that provides insight
into the forms of on-the-job learning. In contrast with
on-the-job `Training’ , which constitutes a formal structured
and planned educational activity, `Learning’ on the job has
distinct characteristics. Informal Learning is an intentional
approach by the learner, who selects a topic and through
self-directed, experiential learning will gather the informa-
tion. `Incidental learning’ , on the other hand, is
unintentional. The learner, through experiential activity,
interprets work-related experiences. Organization and
interpretation of the experiences are done by the learner.
Without appropriate interference or feedback to the
candidate whose learning is informal, interpretation and
organization of his/her experiences may take many desired
or undesired directions. In the absence of clear programme
goals or outcomes such learning by osmosis may be ineffec-
tive. Some of the behaviours promoting informal/incidental
learning are creativityÐ learners ® nd different ways to solve
problems; proactivityÐ learners actively seeking feedback and
learning experiences; and critical re¯ ectivityÐ an in-depth
look at one’s practice and the ability to identify values and
assumptions.


Assessment approaches need to explore the nature of the
on-the-job learning. If structured learning experiences are
available, as well as feedback strategies, then one may assume
that the desired clinical competences could be assessed
accordingly to the programme outcomes. However, in
programmes where such assumptions may not hold, assess-
ment practice should drive learning experiences, such as
advanced knowledge and understanding of the learning


Figure 2. George Miller Pyramid of Competence.
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outcomes, and ensure that the learner demonstrates
responsibility in seeking out learning experiences.The learner
should also have opportunities through assessment to reflect
on learning experiences with peers, mentors or clinical tutors.
All assessment approaches should include an underlying
mechanism of ongoing feedback.When clinical tutors were
asked (votes taken during a number of presentations) about
the percentage of time medical students spend on formal,
informal and incidental learning on the clinical wards, they
consistently assigned about 30% to formal, 30% to informal
and 40% to incidental. Consequently, assessment of
on-the-job learning in the medical profession should
introduce the appropriate methods to match the learning
style. The portfolio approach (Pitts et al., 1999), learning
contracts (Boak, 1998) or peer review are some of the
approaches that provide assessment outcomes as well as
learning experiences.


Assessment of portfolio evidence


Portfolio evidence is highly related to the schools’ learning
outcomes and to its educational philosophy. Since the
evidence is a collection of student or practitioner work, the
criteria to be used to evaluate such evidence will vary
according to the level of training, the stakes of the assess-
ment, the de® nition of physicians’ competences and other
relevant test dimensions.


However, since the portfolio approach includes both
content and a re¯ ective component one must determine
which components are to be assessed. The candidates
produce evidence and are expected to process the evidence
with relation to a pre-determined standard. The interplay
between the contextual evidence and the cognitive proc-
esses involved in presenting the evidence becomes a major
focus in portfolio assessment. From an assessment perspec-
tive the portfolio approach provides an opportunity to
identify examinees’ incompetences, which are not neces-
sarily on the same continuum as the competences.


Furthermore, an understanding of the criteria involved
is central to providing agreement among assessors.The use
of portfolios in high-stakes examinations requires a careful
process of identifying the criteria, communicating the criteria
to the assessors and developing a systematic reliable approach
for generating the scores.


The qualitative nature of the portfolio (Anderson &
Bachor, 1998) presents a number of challenges to medical
educators. In approaching the task of developing portfolio
criteria, faculty have to clarify the purpose of the portfolio,
the expected levels of students’ or trainees’ performance,
the interplay between content and cognitive approaches to
the task and the expected progression on the different dimen-
sions of the portfolio.


Since many portfolios employ oral communication
between assessors and trainees, the direction of the asses-
sors’ questions needs to be de® ned based on an educational
framework rather than on content- or context-speci® c
probing. The educational framework will draw upon the
purpose, expected levels and criteria developed for the
portfolio. In qualitative judgements of complex integrated
behaviours it is important that assessors share the same
understanding of portfolio constructs. Consequently
candidates will have the same likelihood of achieving the
same portfolio score with different assessors.


The increase in the use of the portfolio approach in both
undergraduate and postgraduate education, as well as at the
practitioner level, presents opportunities for medical educa-
tors to reshape and rede® ne core concepts of medical
practice through the development of portfolio criteria.


Conclusion


The seven assessment challenges presented in this paper
share a common thread.They all relate to the assessment of
clinical competences at the higher level of undergraduate
education and postgraduate education. The increased
sophistication of psychometric knowledge as well as recent
developments in assessment methodologies are allowing
medical educators to make the necessary leap into the next
century. Meta-analysis of similar papers may provide a
comprehensive view of the assessment challenges confronting
the medical profession for the next decade.
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Abstract


In assessment a considerable shift in thinking has occurred from assessment of learning to assessment for learning. This has


important implications for the conceptual framework from which to approach the issue of assessment, but also with respect to the


research agenda. The main conceptual changes pertain to programmes of assessment. This has led to a broadened perspective on


the types of construct assessment tries to capture, the way information from various sources is collected and collated, the role of


human judgement and the variety of psychometric methods to determine the quality of the assessment. Research into the quality of


assessment programmes, how assessment influences learning and teaching, new psychometric models and the role of human


judgement is much needed.


Introduction


In the recent decades, a change in thinking about the role of


assessment in education has occurred. This change is best


characterised as a shift from assessment of learning to


assessment for learning (Martinez & Lipson 1989). Behind


this rather inconspicuous terminology hides nothing short of a


revolution in the conceptual framework of assessment. In this


article, we want to describe the implications of this change for


our thinking and the practices of assessment, with a special


focus on assessment in the context of medical education.


Most of us are most familiar with examinations that take


place at the end of the instruction and are separated from the


educational process. From the perspective of assessment of


students, the almost exclusive purpose of such assessment is to


determine whether the students have acquired sufficient


knowledge, skills, etc. Assessment for learning, however, is


an approach in which the assessment process is inextricably


embedded within the educational process, which is maximally


information-rich, and which serves to steer and foster the


learning of each individual student to the maximum of his/her


ability.


The idea of assessment for learning is not new; Martinez &


Lipson (1989) already proposed it in 1989. Though their


interpretation of assessment for learning is in its early


developmental phase and does not surpass the notion of


more dispersed test administrations and the use of more


feedback, it is an early demonstration of a growing awareness


that for assessment to be an integral and more relevant aspect


of education, tests that merely try to classify and rank order


students do not suffice anymore.


In the mean time, the theoretical perspective of assessment


for learning programmes has evolved considerably. This is not


illogical because originally the concept of assessment of


learning had firm roots in the 20th century discourse of


education and ability. Shepard (2009) describes the previously


prevailing views on education as conceptually equivalent to a


factory production process. Central in these views is a


behaviouristic concept of learning, implying that becoming


competent in a domain is the result of following a large


number of small steps or modules, each of which has to be


assessed at the end. Only after successful completion of a


module can the student progress to the next. It follows then


logically that assessment has to take a reductionist approach as


well, viewing the total only as the sum of its constituent parts.


With the emergence of new – social constructivist – theories


on learning and the notion of competencies as outcome


indicators of the educational process the call for radical


changes in the way we set up and use assessment is heard in


the literature (Boud 1990; Brown 2004; van der Vleuten &


Schuwirth 2005; Shute 2008). This was a highly needed


antithetic movement against the traditional approaches.


In 2005, we advocated a more synthetic view on assess-


ment incorporating both views and we suggested the notion of


Practice points


. In educational settings assessment for learning should


take priority over assessment of learning.


. A programme of assessment should aim at building n:n


relationships: each competency domain should be


informed from various assessment sources and each


assessment source should be used to inform about


several competency domains.


. For programmatic assessment as part of assessment for


learning, extensions to current psychometric approaches


are needed.


. The role of human judgement in assessment should be


re-appraised and studied.
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programmatic assessment (van der Vleuten & Schuwirth 2005).


And although the literature on assessment for learning already


acknowledged that a variety of instruments would be needed


to obtain a more complete picture (Ram 1998; Prescott et al.


2001; Epstein & Hundert 2002; Davies et al. 2005; Carr 2006),


the idea of programmatic assessment goes further. In pro-


grammatic assessment, modern approaches do not necessarily


replace but rather supplement traditional ones (Prescott et al.


2002; van der Vleuten & Schuwirth 2005; Dannefer & Henson


2007; Fishleder et al. 2007). The central key is that the


programme of assessment is set up to allow the whole picture


of a student’s competence to be obtained by a careful selection


of assessment methods, formulation of rules and regulations


and design of organisational systems. And although this notion


has shown to be an appealing one for many educationalists, it


still requires more concrete development.


It is the purpose of this article to describe further routes for


the development of the idea of programmatic assessment in


the context of assessment for learning.


Where are we now?


Many traditional examination programmes subdivided medical


competence into four separate constructs: knowledge, skills,


problem-solving skills and attitudes or professionalism. A good


assessment programme in this view is composed of a


combination of instruments for each of these constructs. The


medical assessment literature in the 20th century is dominated


either by papers presenting new instruments suggesting they


measure one of the constructs better than previous methods or


comparing different methods to prove the superiority of one of


them. The original papers on triple jump exercises (Painvin


et al. 1979), objective structured clinical examination (OSCE;


Harden & Gleeson 1979), etc. are examples of the former;


many papers comparing open-ended with multiple-choice


questions are examples of the latter (e.g. Norman et al. 1996;


Newble et al. 1979). This view, however, has important


underlying assumptions which we will discuss here.


Each construct is treated as a stable and
generic trait


Traits, here, are assumed to be both stable and generic. Much


like, for example intelligence and extraversion. The intelli-


gence of a person is assumed to be stable – at least in the short


run – across measurements. Of course a person’s actions and


decisions may vary in their cleverness, but his/her intelligence


is assumed to be stable. Logically, this variability in cleverness


of the actions and decisions is almost invariably treated as error


variance.


The traits are also assumed to be generic, one can be


intelligent and introverted or intelligent and extraverted and


vice versa. Similarly, there is no inherent relationship assumed


between the four constructs; knowledge, skills, problem-


solving skills and attitudes.


From this it follows naturally that reliability (or universe


score representation) can best be determined by reproducibil-


ity of the test scores. So if a test of four items would be


perfectly reliable, the score matrix of the results of students A,


B and C would look like as shown in Table 1.


A further assumption is that if these students were given


another so-called parallel test (a test of equal difficulty on the


same topics), the expected score matrix would be the same


(Table 2).


Of course this is never the case; matrices look more like as


shown in Table 3.


In this case, all the variance that does not fit the assumption


of the stable trait is incorporated in the error variance.


Individual items or elements of a test are in principle
meaningless


If performance on individual items can vary and this variability


is seen as error, it is only logical that individual items in


themselves can be treated as meaningless; their only value is


the extent to which they contribute to the total score, and the


total score is what can give meaning and validity to the


assessment. In the case of a multiple-choice test, for example


on internal medicine, most people would not have major


objections to treating individual items as meaningless. The first


item in Box 1 can be easily replaced by the second item, and if


two students score 0.5 on the combination of both items pass


and fail or even remediation decisions would not depend on


whether they answered the first or the second item incorrectly.


It becomes more problematic if the two items are intuitively


more meaningful, for example resuscitation and a communi-


cation station in an OSCE. Most people would question


whether good communication skills can make up for poor


resuscitation skills – unless perhaps the communication skills


Table 2. Score matrix of the hypothesised parallel test.


10 20 30 40 Total0


A 1 1 1 1 4


B 0.5 0.5 0.5 0.5 2


C 0 0 0 0 0


Table 3. Score matrices in real life.


1 2 3 4 Total 10 20 30 40 Total0


A 0 0.5 0.5 0 1 1 0 0.5 1 2


B 1 0.5 0 1 2.5 1 0.5 0 0 2


C 1 1 0.5 1 3.5 1 0.5 0 0 1.5


Table 1. Score matrix of a perfectly reliable test.


1 2 3 4 Total


A 1 1 1 1 4


B 0.5 0.5 0.5 0.5 2


C 0 0 0 0 0
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station is on breaking bad news. The traditional psychome-


trical approaches we use, however, lead us to treat individual


stations as intrinsically meaningless.


Statistics are based on elimination of information


In view of education as a (factory) production process in


which competence is acquired by carefully going through a


sequence of discrete predefined steps – as discussed in the


introduction – the assessment results have to indicate whether


a step in the process was completed successfully or not. For


this, procedures are designed to eliminate information as well


as possible in order to arrive at the best possible dichotomous


decision. Take the answers a student gives to a multiple-choice


test. From the answers, it can be derived not only which


correct answers were given but also which incorrect answers


were given. But then the answers are compared to an answer


key and converted to 1–0 scores. Now it is not known


anymore what the incorrect answers were but only to which


question an incorrect answer was given. Then the item scores


are totalled. Now it is obscured to which items an incorrect and


correct answer was given but only to how many items an


incorrect or correct answer was given. This total score is then


compared to a pass–fail score and now it is only known


whether the number of correct answers was sufficient or not.


The literature on scoring rubrics and standard setting methods


is basically literature on how best to throw away assessment


information (Cusimano 1996).


One single best instrument for each trait


The consequence of this is – as said before – that traditional


examination programmes are built according to the one-best-


instrument-for-each-trait model. The vast literature on whether


open-ended questions are better than multiple-choice ques-


tions, the literature on proving that OSCEs are the best


instrument for the assessment of skills are typical examples of


these lines of thinking.


Where do we want to go?


A search in the literature will most probably produce over 100


definitions of ‘competency’ (e.g. Albanese et al. 2008,


Govaerts 2008). Apparently there is no completely agreed


upon definition, but there is common ground, and the


definitions converge on the notion of integration of knowl-


edge, skills and attitudes/professionalism, the whole task


performance. For the purpose of this article, we will define


competencies as simple or more complex tasks a successful


candidate must be able to handle, and during which s/he uses


at the right time, the correct and relevant knowledge, skills,


attitudes and meta-cognitions to manage the task successfully.


Many official institutes issued their own set of competency


domains or professional roles. The CanMeds (1996) contain


the domains: Medical expert, Communicator, Collaborator,


Manager, Health advocate, Scholar and Professional. The


ACGME (2007) defined the domains: Patient care, Medical


Knowledge, Practice-based Learning and improvements,


Interpersonal and Communication skills, Professionalism and


Systems-based practice. The first Dutch blueprint for medical


education used four roles (Metz et al. 1994): Medical Expert,


Scientist, Worker in the health care system and Person. We will


use these four in the remainder of this article, not because we


think they are better than the others, but simply because they


are lean and easy to explain.1


The risk we as educators run now is that we would now be


inclined to build an assessment programme in which one


single best instrument is used for each of the domains. At our


own institute, for example, the critically appraised topic (CAT)


is almost exclusively used as an instrument to assess the role as


a scientist, creating a one-instrument-to-one-competency


domain programme. This way we would be making the


same mistake as with the traditional assessment programmes,


namely treating the domains as unidimensional, stable and


generic entities. But then we would simply be replacing words


(‘traits’ by ‘competencies’) instead of building a really new


assessment programme. An important thing in innovative


assessment programmes is that they are based on the notion of


an n:n relationship. In other words, information of all


assessment sources can be used to inform about all the


competency domains, and all competency domains are


informed by various information sources.


This may seem complex but in fact it is not. Especially for


those who practice or have practiced medicine the analogy is


simple. No clinician would convert the patient responses


during history taking to numbers and average them and then


add this average to the mean of the lab values to determine


whether the patient is healthy or not, etc. Instead s/he takes


the relevant information from history taking, physical exam-


ination, lab results, pathology reports, etc. to determine


whether further diagnostics are needed, what therapy or


management to start and whether the patient is healthy or not.


This is exactly the n:n relationship we suggest to use in


assessment programmes.


The traditional approach in most assessment programmes


relies on adding the results on the communication skills station


of an OSCE to the resuscitation skills, not because they can be


combined rationally but simply because they have the same


format (to use the analogy again: so do the sodium and


potassium level). This is strange especially because a plethora


of research has shown that it is not the format which


determines what a test or an item assesses but the content


Box 1. Two examples of items of an internal medicine
examination.


Item 1: Ms. Smith is 72 years old. She has angina pectoris. Several times


her blood pressure is taken and found to be 170/100 mmHg. Which


antihypertensive drug is most indicated for her?


(a) captopril


(b) chlorthalidone


(c) metoprolol


Item 2: Mr. Johnson, 35 years old, consults his GP with complaints of


chest pain. Without further information about Mr. Johnson the most likely


origin of his chest pain is:


(a) the chest wall


(b) the lungs


(c) the myocardium


(d) the oesophagus
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(Ward 1982; Norman et al. 1985; Schuwirth et al. 1996).


Theoretically, it is more logical to combine information that is


similar in content and not because it is similar in format.


Figures 1 and 2 demonstrate this difference.


In such an assessment programme, the constructs – the


aspects we want to assess – do not have to be defined in stable


and generic traits, some will have to be defined as variable and


some as stable. Again, using the analogy with clinical work:


some parameters are supposed to be so stable that one


measurement suffices to determine them (sodium level,


haemoglobin level) and some others are supposed to vary


considerably (blood pressure, blood glucose level) that only


repeated measurements or daily curves are informative


enough.


So, individual elements of the assessment can be mean-


ingful in themselves. The low score on the item ‘history taking’


in a mini-CEX is meaningful in itself and can lead to remedial


actions. For this, it does not have to be added to the rest of the


items of the same mini-CEX (Norcini et al. 1995). On the other


hand, individual items or elements can acquire meaning in a


combination with elements of other tests. A failed abdominal


examination station in an OSCE will have different repercus-


sions for the student if s/he has also performed poorly on test


items on abdominal anatomy than for the student whose


patient communication is poor. Let us – again – use the clinical


analogy: a haemoglobin level of 7.5 mmol/L is a positive sign


in a female patient two days after a delivery with considerable


bleeding after iron therapy, but it is an ominous sign in a


55-year-old male who visits you with rectal blood loss.


In this light, it is important to highlight the relationship


between objectivity/subjectivity and reliability/unreliability


(van der Vleuten et al. 1991). There is a widespread


misconception that only ‘objective’ tests can be reliable and


that ‘subjective’ tests are unreliable. Unfortunately, this kind of


thinking is not very helpful in improving the quality of the


assessment. A single-item multiple choice test on internal


medicine would be a so-called objective test, but it can hardly


be a reliable test as one item is simply too small a sample. On


the other hand, a collection of expert opinions on a certain


performance (e.g. musical artistry) can be highly reliable, as


long as there are multiple experts and multiple pieces of music


played, and perhaps observations at various occasions. This


distinction between improving the sampling qualities of an


assessment and attempts to make it objective is important.


There are many cases in which assessment designers in their


pursuit of objectivity have unnecessarily trivialised the assess-


ment, for example by designing scoring rubrics for portfolios


(Koretz 1998). In programmes of assessment, subjective


elements should not be trivialised but should be assessed by


optimising the sampling procedure (Schuwirth et al. 2002;


Driessen et al. 2005).


Of course this does not make the whole assessment process


easier, quite the contrary. If we cannot break down the results


into little pieces which arithmetically add up to a total score,


human judgement is needed to collect and collate information,


especially if – in a programme of assessment – information


from various types of assessment needs to be combined. When


human judgement is central in the assessment process, it may


be clear that the quality and expertise of the person who is


making the judgement is decisive for the quality of the


assessment. Where in multiple choice test the quality of the


assessment is built into the paper – it really does not matter


who hands out the test forms and a computer can do the


calculations – in assessments involving human observation


and evaluation the quality of the user is central (and the form


basically serves only to support the users).


To ensure the quality of the assessment then, the exclusive


focus on construct validity and reproducibility do not suffice


anymore. Concepts such as fairness, trustworthiness and


dependability also need to be included (Driessen et al.


2005). Such concepts of course can only be established on


the programme level and mainly through organisational


procedures, such as second opinions, independent observa-


tions, careful note taking, interdisciplinary consultations, etc.


This way, the assessment programme can be tailored


specifically to the individual needs of each student. First, this


enables the teacher/mentor to advise that specific assessment


information be collected for an individual student to ensure a


complete picture of his/her competence. For a student who


has had seven excellent independent mini-CEX judgements on


all criteria, further collection of data is probably not useful,


whereas in the case of seven highly variable judgements more


information may be necessary. This could be called the


‘diagnostic’ decisions in assessment for learning. Also, as


described above, a tailored advice for remediation can be


given for each student, which could be called the ‘therapeutic’


decision. Finally, a prognostic decision – is the student on the


instruments


A B C D


med expert


scien�st
roles


worker in HCS


person


Figure 1. A typical 1:1 assessment competency-based


programme.


roles


A B C D


informa�on sources
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Figure 2. A typical n:n assessment competency-based


programme.
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right track to sufficient competency – can be made about each


student.


In summary, assessment for learning is an information-rich


approach in which a programme of assessment is used to


collect and combine information from various sources to


inform about the strengths and weaknesses of each individual


student, with the purpose to optimise their learning. So, the


central goal is not whether John is better than Jill (or better


than a cut-off score, which essentially is a specific ‘Jill’), but to


determine whether John is maximally better today than he was


yesterday or whether Jill will be maximally better tomorrow


than she is today, and how to achieve this.


Implications for research


It is clear that such a change in thinking about assessment must


have implications for the research agenda. Of course, the most


obvious item on the agenda would be research into feedback.


This, fortunately, is a topic that is already being researched


extensively (Shute 2008). The outcomes of the many studies


have provided us with valuable insights regarding the value of


feedback, how best to provide feedback, how to pace and


schedule feedback sessions, etc. We want to discuss here


research paths that, at least in medical education, are less well


trotted.


What constitutes high-quality assessment
programmes?


In 1996, van der Vleuten (1996) published a paper in which he


advocated to evaluate the quality of individual assessment


instruments as a trade-off between various criteria. In this


paper, he suggested to include reliability, validity, educational


impact, cost-effectiveness and acceptability as such criteria.


Although these criteria have been shown to be useful for


individual instruments their applicability to an assessment


programme as a whole is limited. Dijkstra et al. (2009) have


endeavoured on a research line that will provide us with more


insight into what constitutes quality of assessment pro-


grammes. He takes here another angle than earlier work by


Baartman (2008). Her work is focussed on the evaluation of


the quality competency assessment programmes as a post hoc


measurement, whereas Dijkstra tries to establish design


guidelines or criteria for building or adapting a programme


of assessment. A first study (Dijkstra et al. 2009) was done with


two focus groups of international assessment experts in which


their opinions and knowledge were sought on about good


practices and on new ideas concerning programmes of


assessment. After an extensive iterative analysis and member


checking, a model emerged which incorporated of course the


most obvious design criteria, namely those concerning the


programme in action (collecting assessment information,


combining assessment information from various instruments,


valuing the resultant information to come to decisions, and


taking action upon these decisions). In addition, however, a


series of different layers were defined: criteria concerning the


supporting aspects for a programme, criteria for documenta-


tion and dissemination of information about the assessment


programme, measures for continuous improvement of the


programme and the quality of all procedures supporting the


accountability of the programme. A second study started using


the same data but now extended with a series of individual,


structured interviews with the international experts has led to


the definition of over 65 specific design criteria or guidelines


for developing or improving programmes of assessment


(Dijkstra et al. submitted). Further research to validate the


model and the resulting criteria is underway.


How does assessment influence learning?


This of course is a central question if programmes of


assessment are to be established in the context of assessment


for learning. Amazingly, the amount of research actually


studying this educational impact is scarce, especially in light of


the strength of the shared opinion that assessment does impact


on learning and teaching. Cilliers et al. (2010) have conducted


a series of individual in-depth interviews with students and


teachers at the University of Stellenbosch in South Africa.


Using a grounded theory approach, a model emerged which


relates the qualities of the assessment programme to the


outcomes of learning. Three main elements were identified:


sources of impact, mechanisms by which these sources impact


on student learning and the consequences of the impact.


Mechanisms of impact constituted the ways students


appraised the impact of the assessment programme, their


own learning response, their own perceptions of agency and


contextual factors. As sources, main factors were task


demands, imminence of assessment, the design of the assess-


ment system and the cues (Cilliers et al. 2010). As conse-


quences, the main groups were defined by cognitive and


meta-cognitive regulation activities (Cilliers et al. 2011). Future


work in this research line will incorporate further validation/


generalisation of the model to different contexts and popula-


tions. It will hopefully provide enough insight to help us


design assessment programmes for learning in a way that we


can actually predict better how programmatic design decisions


will impact on the educational process.


Extension of psychometric models


In 2006, we published a plea for the extensions of the


psychometric models used to determine the quality of assess-


ment instruments (Schuwirth & van der Vleuten 2006). In this


paper, we highlighted some of the major concessions that


would have to be made in some assessment situations, and we


advocated that new methods would be developed that cater


better to more observation-based instruments, such as mini-


CEX, 360� feedback and portfolios. It turns out that there have


already been developments in this area in the 1960s and 1970s


with respect to criterion-referenced tests (Berk 1980; Rickets


2009). Since then, psychometric theory and resulting insights


have changed dramatically. Validity for example has evolved


from a uniform (instead of a unifying) construct validity theory


to a much more eclectic and at the same time rigorous theory,


thanks to the important work by Messick (1994) and Kane


(2006). Especially Kane highlights the need for an argument


based set of inferences from observations eventually to


conclusions about the target domain. This approach is eclectic
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because it requires the researcher and/or assessors to make


explicit assumptions about the nature of the target domain,


and it does not automatically subsume a stable trait. It is


rigorous because it does not allow the researcher to rely on


standard tricks or select the most convenient methods of


validation, but instead requires him/her to build a complete set


of arguments supported by research testing the most critical


assumptions with the highest priority. As such, it does not


differ very much from the original requirements Cronbach &


Meehl (1955) put forward, but it is a theoretical notion that is


considerably more versatile.


One of the important inferences to make is the one from


observed score to universe score (as a sort of reliability). For


this, a conceptualisation of the universe score is needed and


this conceptualisation can take different forms. Most of our


thinking is more or less based on the notion of the Guttman


scale. Figure 3 shows an example of such a Guttman scale.


In such a scale, the underlying assumption is that some


items are inherently easier than others. For example, my eldest


daughter can ride her bike without training wheels. Therefore,


it is safe to assume that she is also able to ride a bike with


training wheels, and following from this that she can ride a


tricycle, and that she is able sit straight, etc. If a student is able


to perform an abdominal examination successfully in a 65-


year-old highly obese patient with severe abdominal com-


plaints and s/he is still able to come to correct conclusions, s/


he is most likely also to be able to perform a successful


abdominal examination in a normal healthy young adult. Sets


of items that behave well according to such a Guttman scale


are very well suited for certain assessment approaches, such as


computer adaptive testing. The logical consequence is that any


variance not in accordance with the assumed scale is


measurement error. So if at one day my daughter is observed


being able to ride without training wheels and subsequently


fail to ride the bike with trainers, the only logical assumption is


this to be measurement error. Universe representation is only


sufficient if the various observations agree enough about the


level of ability of the student in relation to the extent to which


the data allow us to distinguish between the levels of abilities


of the students. It subsumes a homogeneous universe from


which the sample is drawn.


One can of course wonder whether all aspects of assess-


ment in a programme of assessment are best modelled this


way. We know that the population of the Netherlands is


roughly 16.5 million. This does not automatically imply that we


know what the population of the US or the UK is, or even


Belgium for that matter. If we know that surfactant is produced


by type II pneumocytes, this does not automatically imply that


we know which cells produce calcitonin, or even where the


type II pneumocytes are located. In such cases measures of


universe representation need to describe the probability of a


new observation providing new information about the repre-


sentation of the universe, but it does not prescribe homoge-


neity of the universe. The main focus now is not on


determining the position of a student on the ability scale, but


to determine the proportion of relevant knowledge, skills, etc.


the student has. We have given a more detailed description of


both models and the implications for assessment in a specific


paper (Schuwirth et al. submitted).


How to scaffold human judgement?


It is inevitable that in a programme of assessment human


judgement is involved. This will probably not only happen at


the level of individual observation and assessment but also in


combining information from various sources. Traditionally in


examination systems, information from qualitative sources is


quantified – for example, the evaluation of professional


behaviour ‘good’ is translated into an ‘8’ – whereas in clinical


practice, quantitative information is traditionally qualified – a


sodium level of 132 mmol/L is translated into a ‘low-normal


sodium level’. In assessment for learning programmes, in


which feedback and information-rich procedures are required,


information needs to be combined in a qualitative way. This


involves inevitably human judgement. Unfortunately though,


human judgement is often considered fallible, especially when


compared to actuarial methods (Dawes et al. 1989). This is of


course logical, because in such comparisons conscious


bottom-up processing (starting with evaluating all the individ-


ual data to arrive at a conclusion) is required, which is


intended to lead to hard data conclusions and which can be


numerically modelled. It is obvious that this is exactly what


humans with their limited short-term memory processing


capacities are not good at (Van Merrienboer & Sweller 2010).


In such cases they necessarily have to revert to processing only


a limited part of the whole data set. Typical heuristics humans


apply in such cases are overvaluing first or last impressions


(primacy and recency effects), combining data to form one


single entity (halo effects), etc. (cf. Plous 1993 for an


interview). In such cases human processing can only be


seen as severely biased.


However, we are also capable of processing enormous


amounts of information. Estimates, especially those including


information from the visual system, are in the range of


between 10 and 20 million bits per second. The research into


naturalistic decision making focuses on human decisions in


areas where the outcomes are not hard or numerical, but


judgemental (Klein 2008), where too precise modelling of the


data often leads to more inaccurate prediction than more


superficial modelling (Marewski et al. 2009). In other words,


why is human judgement with such an overload of information


to process and vague outcomes still so good? It is clear that for


such judgements processes more top-down processing


1 2 3 4 5


difficult easy


students


high ability


low ability


A


B


C


D


E


√
√


√


√
√


Figure 3. A typical example of a Guttman scale.
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activities are needed. Still, however, methods for reduction of


cognitive load are required. In this view, an incomplete


representation of the information is not necessarily a bad


representation, provided the essential important elements are


in the representation. This bears a striking resemblance with


scripts in the theory on expertise. (Schmidt & Boshuizen 1993)


The implication of this – somewhat theoretical – expose is that


we should not try to eliminate these types of biases (there are


others like framing-related, cognitive dissonance-type and


strategic behaviours minimising the concordance between


private and public judgements that need to be addressed and


counteracted in the programme of assessment), but we should


train our judges to produce better representations instead of


more ‘objective’ or more structured. In this case judgement


tasks in assessment are diagnostic expertise tasks, and this has


huge implications for teacher training programmes. A simple


briefing, workshop or training cannot produce enough exper-


tise for the job (like a single training in clinical reasoning does


not work), but training on the job, constant feedback,


supervision would be needed.


Govaerts et al. (2007) have paved the way in this direction.


In their paper on the role of human judgement in assessment


they have described the outcomes of preliminary studies in this


field in the business literature and the medical education


literature. Subsequently, they have studied the thought


processes of experience GP supervisors and novice supervi-


sors in a think aloud study (Govaerts et al. submitted).


Members of both groups were individually shown DVD-


recordings of a student performing a consultation with a


patient. The medical content of both cases – a simple atopic


dermatitis and a classical chest pain case – was no problem for


all the participants, but the judgement of the student perfor-


mance was. In the first case, the performance was clearly


substandard, and in the second case it was marginally


satisfactory/unsatisfactory (complex case). She found that in


complex case experts needed more time than novices, but in


the simple case they were faster. Experts make more


inferences/interpretation whilst observing the performance,


while novice provides more literal descriptions of the process,


experts use more contextual cues and considerations and


make more evaluations. This is all highly in concordance with


the findings about diagnostic expertise (Schmidt & Boshuizen


1993; Eva 2004). Surprisingly, she found no difference in self-


monitoring activities, which is different from findings in the


expertise literature. She concludes that raters are not inter-


changeable measurement instruments, that richer processing


and use of contextual cues leads to richer and more holistic


feedback and judgements, that experts have better perfor-


mance scripts which enable them to superior top-down


processing. She suggests that training of raters should therefore


incorporate maximally the characteristics of deliberate practice


(Ericsson & Charness 1994).


Conclusion


This summary of development and research is by far incom-


plete. The field is so rich and there are so many developments


and research activities that it would be impossible for us to


describe them in full detail in a single paper, even if we


assumed that we were completely informed about all of them.


The purpose of this article was to raise awareness of the


changes in the thinking of assessment, to show what huge


implications this has for the practice of assessment and for the


research agenda. For this we have tried to bring together


several lines of development and research, necessarily omit-


ting aspects the reader may find important or highlighting


elements other readers may find irrelevant. Nevertheless, we


hope to have been able to provide an overview that is helpful


enough to stimulate new ideas for development and research


and to foster future research endeavours.
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The Power of Feedback
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University of Auckland


Feedback is one of the most powerful influences on learning and achieve-
ment, but this impact can be either positive or negative. Its power is fre-
quently mentioned in articles about learning and teaching, but surprisingly
few recent studies have systematically investigated its meaning. This article
provides a conceptual analysis offeedback and reviews the evidence related
to its impact on learning and achievement. This evidence shows that although
feedback is among the major influences, the type offeedback and the way it
is given can be differentially effective. A model offeedback is then proposed
that identifies the particular properties and circumstances that make it effec-
tive, and some typically thorny issues are discussed, including the timing of
feedback and the effects ofpositive and negative feedback. Finally, this analy-
sis is used to suggest ways in which feedback can be used to enhance its effec-
tiveness in classrooms.


KEYWORDS: feedback, assessment, student and teacher learning.


Although it is often mentioned in articles about learning and teaching, surpris-
ingly few recent studies have systematically investigated the meaning of feedback
in classrooms. In this article, we begin with a conceptual analysis of the meaning
of feedback and a synthesis of the evidence related to the power of feedback to
improve teaching and learning. We then propose a model of feedback that is used
to identify the circumstances under which feedback has the greatest impact.
Specifically, the research evidence related to the different types of feedback and
their effectiveness in terms of promoting student learning are discussed, the dif-
ferent ways students deal with feedback are described, and the relationship
between assessment and feedback is provided. Finally, the model, together with
the evidence underpinning it, is used to show how feedback can be used to enhance
classroom learning and teaching.


The Meaning of Feedback
In this review, feedback is conceptualized as information provided by an agent


(e.g., teacher, peer, book, parent, self, experience) regarding aspects of one's per-
formance or understanding. A teacher or parent can provide corrective informa-
tion, a peer can provide an alternative strategy, a book can provide information to
clarify ideas, a parent can provide encouragement, and a learner can look up the
answer to evaluate the correctness of a response. Feedback thus is a "consequence"
of performance.
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To assist in understanding the purpose, effects, and types of feedback, it is use-
ful to consider a continuum of instruction and feedback. At one end of the contin-
uum is a clear distinction between providing instruction and providing feedback.
However, when feedback is combined with more a correctional review, the feed-
back and instruction become intertwined until "the process itself takes on the forms
of new instruction, rather than informing the student solely about correctness"
(Kulhavy, 1977, p. 212). To take on this instructional purpose, feedback needs to
provide information specifically relating to the task or process of learning that fills
a gap between what is understood and what is aimed to be understood (Sadler,
1989), and it can do this in a number of different ways. These may be through affec-
tive processes, such as increased effort, motivation, or engagement. Alternatively,
the gap may be reduced through a number of different cognitive processes, includ-
ing restructuring understandings, confirming to students that they are correct or
incorrect, indicating that more information is available or needed, pointing to direc-
tions students could pursue, and/or indicating alternative strategies to understand
particular information. Winne and Butler (1994) provided an excellent summary in
their claim that "feedback is information with which a learner can confirm, add to,
overwrite, tune, or restructure information in memory, whether that information is
domain knowledge, meta-cognitive knowledge, beliefs about self and tasks, or cog-
nitive tactics and strategies" (p. 5740).


Feedback has no effect in a vacuum; to be powerful in its effect, there must be a
learning context to which feedback is addressed. It is but part of the teaching process
and is that which happens second-after a student has responded to initial instruc-
tion-when information is provided regarding some aspect(s) of the student's task
performance. It is mostpowerful when it addresses faulty interpretations, not a total
lack of understanding. Under the latter circumstance, it may even be threatening to
a student: "If the material studied is unfamiliar or abstruse, providing feedback
should have little effect on criterion performance, since there is no way to relate the
new information to what is already known" (Kulhavy, 1977, p. 220).


The focus of this article on feedback as information about the content and/or
understanding of the constructions that students have made from the learning expe-
rience is not the same as a behaviorist input-output model. Contrary to the behav-
iorists' argument, Kulhavy (1977) demonstrated that feedback is not necessarily a
reinforcer, because feedback can be accepted, modified, or rejected. Feedback by
itself may not have the power to initiate further action. In addition, it is the case
that feedback is not only given by teachers, students, peers, and so on, but can also
be sought by students, peers, and so on, and detected by a learner without it being
intentionally sought.


The Effectiveness of Feedback


The first question to ask is, How effective is feedback? We answer this ques-
tion by referring to the usual effects of schooling on student achievement and then
comparing them with the evidence related to feedback. Hattie (1999) reported a
synthesis of over 500 meta-analyses, involving 450,000 effect sizes from 180,000
studies, representing approximately 20 to 30 million students, on various influ-
ences on student achievement. This analysis included more than 100 factors influ-
encing educational achievement and covered various aspects of those typically
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TABLE 1
Summary of effect sizes from 12 meta-analyses assessing the influences offeedback


Number of Effect
Study Context effects size


Skiba, Casey, and
Center (1985-1986)


Lysakowski and
Walberg (1982)


Walberg (1982)


Tenenbaum and
Goldring (1989)


Rummel and
Feinberg (1988)


Yeany and Miller (1983)


Kluger and De
Nisi (1996)


L'Hommedieu, Menges,
and Brinko (1990)


Moin (1986)
Bangert-Drowns,


Kulik, Kulik, and
Morgan (1991)


Kulik and Kulik (1988)
Getsie, Langer, and


Glass (1985)
Wilkinson (1981)


For special education
students


Cues, corrective feedback
Cues, motivational
influences, and reinforcement
Cues, participation,


reinforcement, feedback,
and correctives


Extrinsic feedback rewards
Diagnostic feedback in


science


Feedback


35 1.24


54 1.13


19 0.81


15 0.74


45 0.60


49 0.52


470


From student ratings
Feedback


From testing
Immediate versus delayed


Rewards and punishments
Teacher praise


0.38


28 0.34
0.29


40 0.28
53 0.28


89 0.14
14 012


identified, such as attributes of schools, homes, students, teachers, and curricula.
The average or typical effect of schooling was 0.40 (SE = 0.05), and this provided
a benchmark figure or "standard" from which to judge the various influences on
achievement, such as that of feedback.


At least 12 previous meta-analyses have included specific information on feed-
backin classrooms (Table 1). These meta-analyses included 196 studies and 6,972
effect sizes. The average effect size was 0.79 (twice the average effect). To place
this average of 0.79 into perspective, it fell in the top 5 to 10 highest influences on
achievement in Hattie's (1999) synthesis, along with direct instruction (0.93), rec-
iprocal teaching (0.86), students' prior cognitive ability (0.71), and also can be con-
trasted with other influences such as acceleration (0.47), socioeconomic influences
(0.44), homework (0.41), the use of calculators (0.24), reducing class size (0.12),
and retention back 1 year (-0.12). Clearly, feedback can be powerful.


The effect sizes reported in the feedback meta-analyses, however, show con-
siderable variability, indicating that some types of feedback are more powerful
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TABLE 2
Summary of effect sizes relating to feedback effects


Number of Number of Number of Effect
Variable meta-analyses studies effects size


Cues 3 89 129 1.10
Feedback 74 4,157 5,755 0.95
Reinforcement 1 19 19 0.94
Video or audio feedback 1 91 715 0.64
Computer-assisted


instructional feedback 4 161 129 0.52
Goals and feedback 8 640 121 0A6
Student evaluation feedback 3 100 61 0.42
Corrective feedback 25 1,149 1,040 0.37
Delayed versus immediate 5 178 83 0.34
Reward 3 223 508 0.31
Immediate versus delayed 8 398 167 0.24
Punishment 1 89 210 0.20
Praise 11 388 4,410 0.14
Programmed instruction 1 40 23 -0.04


than others. Those studies showing the highest effect sizes involved students
receiving information feedback about a task and how to do it more effectively.
Lower effect sizes were related to praise, rewards, and punishment.


A more detailed synthesis of 74 meta-analyses in Hattie's (1999) database that
included some information about feedback (across more than 7,000 studies and
13,370 effect sizes, including those in Table 2) demonstrated that the most effec-
tive forms of feedback provide cues or reinforcement to learners; are in the form
of video-, audio-, or computer-assisted instructional feedback; and/or relate to
goals. Programmed instruction, praise, punishment, and extrinsic rewards were the
least effective for enhancing achievement (Table 3). Indeed, it is doubtful whether
rewards should be thought of as feedback at all. Deci, Koestner, and Ryan (1999)
described tangible rewards (stickers, awards, etc.) as contingencies to activities
rather than feedback because they contain such little task information. In their
meta-analysis of the effects of feedback on motivation, these authors found a neg-
ative correlation between extrinsic rewards and task performance (-0.34). Tangible
rewards significantly undermined intrinsic motivation, particularly for interesting
tasks (-0.68) compared with uninteresting tasks (0.18). In addition, when the feed-
back was administered in a controlling manner (e.g., saying that students per-
formed as they "should" have performed), the effects were even worse (-0.78).
Thus, Deci et al. concluded that extrinsic rewards are typically negative because
they "undermine people's taking responsibility for motivating or regulating them-
selves" (p. 659). Rather, they are a controlling strategy that often leads to greater
surveillance, evaluation, and competition, all of which have been found to under-
mine enhanced engagement and regulation (Deci & Ryan, 1985).


The most systematic study addressing the effects of various types of feedback was
conducted by Kluger and DeNisi (1996). Their meta-analysis included studies of
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TABLE 3
Summary of effect sizes relating to types offeedback


Moderator Number of effects Effect size


Correct feedback
'Tis correct 114 0.43
'Tis incorrect 197 0.25


Task feedback about changes from
previous trials
Yes 50 0.55
No 380 0.28


Task feedback designed to
discourage the student
Yes 49 -0.14
No 388 0.33


Praise feedback about the task
Yes 80 0.09
No 358 0.34


Feedback provided from a computer
Yes 87 0.41
No 337 0.23


Number of times feedback was
provided
Lots 97 0.32
Little 171 0.39


Task complexity
Very complex 107 0.03
Not complex 114 0.55


Goal setting
Difficult goals 37 0.51
Easy, do your best goals 373 0.30


Threat to self-esteem
Much threat 102 0.08
Little threat 170 0.47


Source. Kiuger and DeNisi (1996).


feedback interventions that were not confounded with other manipulations, included
at least a control group, measured performance, and included at least 10 participants.
Many of their studies were not classroom based. From the 131 studies, they estimated
470 effect sizes on the basis of 12,652 participants and 23,663 observations (reflect-
ing multiple observations per participant). The average effect size was 0.38 (SE =
0.09), and 32% of the effects were negative (Table 3). Over all comparisons, it
appears that the power of feedback is influenced by the direction of the feedback rel-
ative to performance on a task. Specifically, feedback is more effective when it pro-
vides information on correct rather than incorrect responses and when it builds on
changes from previous trails. Theimpact of feedback was also influenced by the dif-
ficulty of goals and tasks. It appears to have the most impact when goals are specific
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and challenging but task complexity is low. Praise for task performance appears to
be ineffective, which is hardly surprising because it contains such little learning-
related information. It appears to be more effective when there are perceived low
rather than high levels of threat to self-esteem, presumably because low-threat con-
ditions allow attention to be paid to the feedback.


Given these mixed effects of feedback, we devote the remainder of this article
to identifying the conditions that maximize the positive effects on learning. A
model of feedback is used as a framework to understand why particular kinds of
feedback promote learning effectively and why some others do not.


A Model of Feedback


Figure I presents a framework in which feedback can be considered. The claim
is made that the main purpose of feedback is to reduce discrepancies between cur-
rent understandings and performance and a goal. Strategies students and teachers
use to reduce this discrepancy may be more or less effective in enhancing learn-
ing, so it is important to understand the circumstances that result in the differential
outcomes. Effective feedback must answer three major questions asked by a
teacher and/or by a student: Where am I going? (What are the goals?), How am I
going? (What progress is being made toward the goal?), and Where to next? (What
activities need to be undertaken to make better progress?) These questions corre-
spond to notions of feed up, feed back, and feed forward. How effectively answers
to these questions serve to reduce the gap is partly dependent on the level at which
the feedback operates. These include the level of task performance, the level of
process of understanding how to do a task, the regulatory or metacognitive process
level, and/or the self or personal level (unrelated to the specifics of the task).
Feedback has differing effects across these levels.


A key theme arising from this review of the literature is the importance of ensur-
ing that feedback is targeted at students at the appropriate level, because some feed-
back is effective in reducing the discrepancy between current understandings and
what is desired, and some is ineffective. These issues are explored in greater depth
as each aspect of the model is further explored.


How Feedback Works: Reducing the Discrepancy Between Current and
Desired Understanding


There are many possible ways for students to reduce the gap between current
and desired understandings in response to feedback, and they are not always effec-
tive in enhancing learning. Those likely to be effective include the following.
Students can increase their effort, particularly when the effort leads to tackling
more challenging tasks or appreciating higher quality experiences rather than just
doing "more." We are more likely to increase effort when the intended goal "is
clear, when high commitment is secured for it, and when belief in eventual success
is high" (Kluger & DeNisi, 1996, p. 260). Students may also develop effective
error detection skills, which lead to their own self-feedback aimed at reaching a
goal. Such error detection can be very powerful, provided students have some mod-
icum of knowledge and understanding about the task on which to strategize and
regulate. In addition, students can seek better strategies to complete the task or be
taught them, or they can obtain more information from which they can then solve
problems or use their self-regulatory proficiencies.
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Purpose
To reduce discrepancies between current understandings/performrance and a desired goal


The discrepancy can be reduced by.
StudentsS Increased effort and employment of more effec•ilv strategies OR


Abandoning, bluffng, or lowering the goals
Teachers
* Providing appropriate challenging and specIf., goals


Assisting students to reach ther thrrugh effective learning strategies and feedback


Effective feedback answers three questions
Whereamgong?(theogoals) Feed Up
How gm I oJg? Feed Back
Where to nert? Feed Forward


Each feedback question works at four levels:


Task level Process level Self-regulation level Self level


How wel tasks are The mran process needed Self-monlWrng, Personal evaluagions and
understood/performed to understand/perform direclIng, and effect (usually pos tle)


tasks regulating of actions about the learner


FIGURE 1. A model offeedback to enhance learning.


Some strategies to reduce the gap are less productive. Students may abandon
goals and thus eliminate any gap, and this often leads to nonengagement in the pur-
suit of further goals (Bandura, 1982; Mikulincer, 1988; Steinberg, 1996). They
may choose to blur the goals, combining them with so many others that after per-
forming, they can pick and choose those goals they attained and ignore the others.
Alternatively, students can change the standard by setting less challenging goals,
accepting performance far below their capabilities as satisfactory.


There are also multiple ways teachers can assist in reducing the gap between
actual performance and desired goal attainment. These include providing appro-
priate challenging and specific goals. Specific goals are more effective than gen-
eral or nonspecific ones, primarily because they focus students' attention, and
feedback can be more directed (Locke & Latham, 1984). The goals and associated
feedback are also more likely to include information about the criteria for success
in attaining them than more general goals.


Teachers can also assist by clarifying goals, enhancing commitment or
increased effort to reaching them through feedback. Goals can also be made more
manageable by narrowing the range of reasonable hypotheses (Sweller, 1990).
More generally, teachers can create a learning environment in which students
develop self-regulation and error detection skills (Hattie, Biggs, & Purdie, 1996).
How feedback contributes to these processes depends largely on the focus of
feedback and the level to which it is directed. In the next section, we develop a
framework to assist in identifying the circumstances likely to result in the more
productive outcomes.
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Addressing the Three Feedback Questions


Effective teaching not only involves imparting information and understandings
to students (or providing constructive tasks, environments, and learning) but also
involves assessing and evaluating students' understanding of this information, so
that the next teaching act can be matched to the present understanding of the stu-
dents. This "second part" is the feedback part, and it relates to the three major ques-
tions identified in Figure 1: Where am I going? How am I going? and Where to
next? These three questions address the dimensions of feed up, feed back, and feed
forward. An ideal learning environment or experience occurs when both teachers
and students seek answers to each of these questions. Too often, teachers limit stu-
dents' opportunities to receive information about their performance in relation to
any of these questions by assuming that responsibility for the students and not con-
sidering the learning possibilities for themselves.


Where Am I Going?


A critical aspect of feedback is the information given to students and their teach-
ers about the attainment of learning goals related to the task or performance. These
goals can be wide ranging and include items such as singing a song, running a race,
noting beauty in a painting, sanding a piece of wood, or riding a bicycle. Judging
the success of goal attainment may occur on many dimensions. The judgments may
be direct, such as "passing a test" or "completing an assignment"; comparative,
such as "doing better than Mary" or "doing better than last time"; social, such as
"not getting a detention" or "seeking teacher approval"; engagement related, such
as "singing a song" or "running a race"; or automatic and triggered outside of spe-
cific awareness, such as "doing well on a task" or "seeking more challenging
tasks." On this last type, Bargh, Gollwitzer, Lee-Chai, Barndollar, and Trotschel
(2001) demonstrated that goals can promote goal-directed action (e.g., achieve-
ment or cooperation on tasks), produce persistence at task performance in the face
of obstacles, and favor the resumption of disrupted tasks even in the presence of
more attractive alternatives. As Black and Wiliam (1998) concluded, "the provi-
sion of challenging assignments and extensive feedback lead to greater student
engagement and higher achievement" (p. 13)


Goals may relate to specific attainments or understandings or to differing qual-
ities of experience, and they typically involve two dimensions: challenge and com-
mitment. Challenging goals relate to feedback in two major ways. First, they
inform individuals


as to what type or level of performance is to be attained so that they can direct
and evaluate their actions and efforts accordingly. Feedback allows them to
set reasonable goals and to track their performance in relation to their goals
so that adjustments in effort, direction, and even strategy can be made as
needed. (Locke & Latham, 1990, p. 23)


These levels of attainment we have termed "success criteria," and goals without
clarity as to when and how a student (and teacher) would know they were success-
ful are often too vague to serve the purpose of enhancing learning. Second, feed-
back allows students (and/or their teachers) to set further appropriately challenging
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goals as the previous ones are attained, thus establishing the conditions for ongoing
learning.


The relationship between feedback and goal-related challenge is complex. If
feedback does not lead to reducing the discrepancy between current understand-
ings and goals, students are likely to close the gap by overstating their current sta-
tus or claiming various attributions that reduce effort and engagement. Feedback
cannot lead to a reduction in this discrepancy if the goal is poorly defined, because
the gap between current learning and intended learning is unlikely to be sufficiently
clear for students to see a need to reduce it (Earley, Northcraft, Lee, & Lituchy,
1990; Erez, 1977; Frost & Mahoney, 1976). An additional problem occurs when
feedback is not directed toward the attainment of a goal. Too often, the feedback
given is unrelated to achieving success on critical dimensions of the goal. For
example, students are given feedback on presentation, spelling, and quantity in
writing when the criteria for success require, say, "creating mood in a story." Such
feedback is not effective in reducing the gap relating to the intention of creating
mood (Clarke, Timperley, & Hattie, 2003; Timperley & Parr, 2005).When goals
have appropriate challenge and teachers and students are committed to these goals,
a clearer understanding of the criteria for success is likely to be shared.


Goals are more effective when students share a commitment to attaining them,
because they are more likely to seek and receive feedback (Locke & Latham,
1990). Teachers and parents often assume that students share a commitment to aca-
demic goals, whereas the reality is that developing this shared commitment needs
to be nurtured and built. Commitment can be induced by authority figures; peer
groups; competition; role models; public statements about intentions, incentives,
and rewards; punishment; and general valence and instrumentality (e.g., Bandura,
1986; Carroll, Houghton, Durkin, & Hattie, 2001; Hollenbeck, Klein, O'Leary, &
Wright, 1989; Latham & Lee, 1986; Lee, Locke, & Latham, 1989; Locke &
Latham, 1984). For example, Earley and Kanfer (1985) showed that modeling can
be effective by having participants watch a film of either a high-performing stu-
dent or a low-performing student completing a class-scheduling task. Following
this, students were assigned or encouraged to set difficult goals. Those who had
observed the high-performing student in the video had significantly higher com-
mitment levels than those who had observed the low-performing role model.


How Am I Going?


Answering this question involves a teacher (or peer, task, or self) providing
information relative to a task or performance goal, often in relation to some
expected standard, to prior performance, and/or to success or failure on a spe-
cific part of the task. This aspect of feedback could be termed the feed-back
dimension. Feedback is effective when it consists of information about progress,
and/or about how to proceed. Students often seek information about "how they
are going," although they may not always welcome the answers. Too often, atten-
tion to this question leads to assessment or testing, whereas this is not the fun-
damental conception underlying this question. "Tests" are but one method used
by teachers and students to address this question and, as discussed below, often
fail to convey feedback information that helps teachers and their students to
know how they are going.
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Where to Next?


Instruction often is sequential, with teachers providing information, tasks, or
learning intentions; students attempting tasks; and some subsequent consequence.
Too often, the consequence is more information, more tasks, and more expectations;
students thus learn that the answer to "Where to next?" is "more." The power of
feedback, however, can be used to specifically address this question by providing
information that leads to greater possibilities for learning. These may include
enhanced challenges, more self-regulation over the learning process, greater fluency
and automaticity, more strategies and processes to work on the tasks, deeper under-
standing, and more information about what is and what is not understood. This feed-
forward question can have some of the most powerful impacts on learning.


Integrating the Three Questions


Rather than the above three questions working in isolation at each of the four
levels, they typically work together. Feedback relating to "How am I going?" has
the power to lead to undertaking further tasks or "Where to next?" relative to a goal
"Where am I going?" As Sadler (1989) convincingly argued, it is closing the gap
between where students are and where they are aiming to be that leads to the power
of feedback.


The Focus of Feedback: The Four Levels


The focus of feedback is critically important, and in this article, we claim that
there are four major levels and that the level at which feedback is directed influ-
ences its effectiveness. First, feedback can be about a task or product, such as
whether work is correct or incorrect. This level of feedback may include directions
to acquire more, different, or correct information, such as "You need to include
more about the Treaty of Versailles." Second, feedback can be aimed at the process
used to create a product or complete a task. This kind of feedback is more directly
aimed at the processing of information, or learning processes requiring under-
standing or completing the task. For example, a teacher or peer may say to a
learner, "You need to edit this piece of writing by attending to the descriptors you
have used so the reader is able to understand the nuances of your meaning," or
"This page may make more sense if you use the strategies we talked about earlier."
Third, feedback to students can be focused at the self-regulation level, including
greater skill in self-evaluation or confidence to engage further on a task. For exam-
ple, "You already know the key features of the opening of an argument. Check to
see whether you have incorporated them in your first paragraph." Such feedback
can have major influences on self-efficacy, self-regulatory proficiencies, and self-
beliefs about students as learners, such that the students are encouraged or
informed how to better and more effortlessly continue on the task. Fourth, feed-
back can be personal in the sense that it is directed to the "self," which, we argue
below, is too often unrelated to performance on the task. Examples of such feed-
back include "You are a great student" and '"That's an intelligent response, well
done."


Thus, there is a distinction between feedback about the task (FT), about the pro-
cessing of the task (FP), about self-regulation (FR), and about the self as a person
(FS). We argue that FS is the least effective, FR and FP are powerful in terms of
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deep processing and mastery of tasks, and FT is powerful when the task informa-
tion subsequently is useful for improving strategy processing or enhancing self-
regulation (which it too rarely does).


Feedback About the Task


This level includes feedback about how well a task is being accomplished or
performed, such as distinguishing correct from incorrect answers, acquiring more
or different information, and building more surface knowledge. This type of feed-
back is most common and is often called corrective feedback or knowledge of
results, and it can relate to correctness, neatness, behavior, or some other criterion
related to task accomplishment; About 90% of teachers' questions (sometimes
written but typically verbal) in classrooms are aimed at this information level
(Airasian, 1997). Teachers commonly mix corrective feedback with information
at the self level, which dilutes the power of the FT (e.g., "Good boy, that is cor-
rect"; see Bennett & Kell, 1989). By itself, corrective feedback can be powerful.
From various meta-analyses, Lysakowski and Walberg (1982) reported an effect
size of 1.13, Walberg (1982) reported 0.82, and Tenenbaum and Goldring (1989)
reported 0.74, all of which are substantial effects. Having correct information is a
pedestal on which the processing and self-regulation is effectively built.


FT is more powerful when it is about faulty interpretations, not lack of infor-
mation. If students lack necessary knowledge, further instruction is more power-
ful than feedback information. One of the problems with feedback at the task level
is that it often does not generalize to other tasks. Thompson (1998), for example,
demonstrated that improvement was specific to the questions for which feedback
was provided and was not used to answer other questions.


Feedback aimed to move students from task to processing and then from pro-
cessing to regulation is most effective. Too much feedback within a level may even
detract from performance. For example, FT that provides very specific informa-
tion about the correctness of the minutiae of tasks and is not also directed to the
processing required to complete the task can direct attention below the level nec-
essary for high-level performance and thus interfere with task accomplishment
(Kluger & DeNisi, 1996). In the case of a rotating a "turtle" in a LOGO simula-
tion, Simmons and Cope (1993) found that when FT was too specific, the students
were unable to build up an estimate of rotation by successive increments. When
the immediate feedback specific to each performance was reduced, strategies were
promoted that involved more of the problem elements representing higher level
responses. Hence, too much feedback only at the task level may encourage students
to focus on the immediate goal and not the strategies to attain the goal. It can lead
to more trial-and-error strategies and less cognitive effort to develop informal
hypotheses about the relationship between the instructions, the feedback, and the
intended learning.


Winne and Butler (1994) argued that the benefits of FT depend heavily on learn-
ers' (a) being attentive to the varying importance of the feedback information dur-
ing study of the task, (b) having accurate memories of those features when outcome
feedback is provided at the task's conclusion, and (c) being sufficiently strategic
to generate effective internal feedback about predictive validities (e.g., Which fac-
tors boost my performance?). It is likely that feedback at this task level is most ben-
eficial when it helps students reject erroneous hypotheses and provides cues as to
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directions for searching and strategizing. Such cues can sensitize students to the
competence or strategy information in a task or situation (Harackiewicz, 1979;
Harackiewicz, Mabderlink, & Sansone, 1984).


Feedback relating specifically to the task can be conceived along a number of
dimensions, such as high to low complexity, individual or group performance, and
written or numeric notations. Simple more than complex task performance bene-
fits from FT (Balzer, Doherty, & O'Connor, 1989). Similarly, simple rather than
complex FT tends to be more effective. Kulhavy, White, Topp, Chan, and Adams
(1985) provided students with reading passages and multiple-choice items with
increasingly complex feedback provided. First they were given the correct answer,
and then they discussed the four incorrect responses. Each sentence of the passage
was subsequently read and used to explain why one of the error choices was incor-
rect, and finally the relevant section of the passage in which the correct answer was
identified. The less complex feedback that provided the correct answer resulted in
higher levels of subsequent task performance than the more complex versions of
the feedback, for which the effect was small. It may be, the authors conjectured,
that providing additional information about the incorrect responses actually
increased the likelihood that the error was remembered by the learner.
Alternatively, it may be that students processed extra feedback information at a
more surface level, because they did not perceive it as being directly related to the
issue of identifying a correct response. However, these results were mediated by
the readers' confidence in their responses. Those with high response confidence,
who had little trouble understanding or interacting with the material, were more
likely to make efficient use of the feedback whatever its complexity.


Feedback, particularly at this task level, can be delivered and received in both
individual and group situations. When delivered in groups, the feedback messages
may be confounded by the perceptions of relevance to oneself or to other group
members. For example, a student may interpret the feedback as pertaining to him
or her or may interpret it as relating to the group as a whole or to other individuals
in the group. In these latter two situations, it is likely either to be diluted or to be
perceived as irrelevant to the individual student's performance (Nadler, 1979). The
effectiveness of FT in these situations depends very much on students' commit-
ment and involvement in the task and on their notions about whether it relates to
their performance.


The effectiveness of marks or written comments has also been investigated.
There is considerable evidence that providing written comments (specific FT) is
more effective than providing grades (Black & Wiliam, 1998; Crooks, 1988). In
one of the early and influential studies, Page (1958) found that feedback in the form
of short written comments rather than grades alone significantly improved the test
performance of students in 74 classrooms (see also Cardelle & Como, 1981;
Elawar & Como, 1985; McLaughlin, 1974). R. Butler (1987) demonstrated that
grades can increase involvement, but they do not affect performance (relative to a
no-FT condition). She also showed (R. Butler, 1988) that feedback through com-
ments alone led to learning gains, whereas marks alone or comments accompanied
by marks or giving praise did not. She claimed that such results called in question
the whole classroom culture of marks, grades, gold stars, merit awards, competi-
tion rather than personal improvement. As will become a theme later in this arti-
cle, feedback that mixes FS with FT is less effective than FT by itself.
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Feedback About the Processing of the Task


FP is more specific to the processes underlying tasks or relating and extending
tasks. Such feedback concerns information about relations in the environment,
relations perceived by a person, and relations between the environment and the
person's perceptions (Balzer et al., 1989). A surface understanding of learning
involves the acquisition, storing, reproduction, and use of knowledge and thus
relates more to FT. A deep understanding of learning involves the construction of
meaning (understanding) and relates more to the relationships, cognitive
processes, and transference to other more difficult or untried tasks (Marton,
Dall'Alba, & Beaty, 1993; Purdie, Hattie, & Douglas, 1996; SdIjb, 1979; Watkins
& Regmi, 1992; Watkins, Regmi, & Astilla, 1991).


A major type of FP relates to students' strategies for error detection, thus pro-
viding oneself with feedback. Such errors may indicate failure and a need to
restrategize, to choose different strategies, to be more effective in applying strate-
gies, and/or to seek help. Whether students engage in error correction strategies
following error detection depends on their motivation to continue to pursue the
goal or to reduce the gap between current knowledge and the goal. Carver and
Scheier (1981, 1982, 1990) argued that when a student encounters an impediment
(such as detecting an error) while pursuing a goal, a reassessment of the situation
is triggered. In considering their reassessments, students estimate how probable it
is that they can achieve their goals if they invest further effort, modify their plans,
or both.


Feedback information about the processes underlying a task also can act as a
cueing mechanism and lead to more effective information search and use of task
strategies. Cues are most useful when they assist students in rejecting erroneous
hypotheses and provide direction for searching and strategizing (Earley, 1988;
Harackiewicz, 1979; Harackiewicz et al., 1984; Wood & Bandura, 1987). This
type of feedback is akin to D. L. Butler and Winne's (1995) notion of task valid-
ity feedback, which brings to a learner's attention "the relationship between a cue,
such as the presence and use of an advance organizer, and the probability of suc-
cessful performance" (p. 262).


Feedback at the process level appears to be more effective than at the task level
for enhancing deeper learning (e.g., Balzer et al., 1989).'Earley et al. (1990)
claimed that "using process feedback with goal setting appears to be a direct and
powerful way of shaping an individual's task strategy, and using outcome feed-
back is a much less efficient way of shaping strategy" (p. 103). It needs to be noted,
however, that there can be a powerful interactive effect between feedback aimed
at improving the strategies and processes and feedback aimed at the more surface
task information. The latter can assist in improving task confidence and self-
efficacy, which in tum provides resources for more effective and innovative infor-
mation and strategy searching (Earley et al., 1990).


Feedback About Self-Regulation


Self-regulation involves an interplay between commitment, control, and.confi-
dence. It addresses the way students monitor, direct, and regulate actions toward
the learning goal. It implies autonomy, self-control, self-direction, and self-
discipline. Such regulation involves "self-generated thoughts, feelings, and actions
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that are planned and cyclically adapted io the attainment of personal goals"
(Zimmerman, 2000, p. 14) and can lead to seeking, accepting, and accommodat-
ing feedback information.


There are at least six major aspects of FR that mediate the effectiveness of feed-
back, discussed in more detail below. By way of overview, these include the capa-
bility to create internal feedback and to self-assess, the willingness to invest effort
into seeking and dealing with feedback information, the degree of confidence or
certainty in the correctness of the response, the attributions about success or fail-
ure, and the level of proficiency at seeking help.


Effective learners create internal feedback and cognitive routines while they are
engaged in academic tasks. D. L. Butler and Winne (1995) argued that for


all self-regulated activities, feedback is an inherent catalyst. As learners mon-
itor their engagement with tasks, internal feedback is generated by the mon-
itoring process. That feedback describes the nature of outcomes and the
qualities of the cognitive processes that led to those states. We hypothesize
that more effective learners develop idiosyncratic cognitive routines for cre-
ating internal feedback while they are engaged with academic tasks. (p. 245)


Less effective learners have minimal self-regulation strategies, and they depend
much more on external factors (such as the teacher or the task) for feedback. They
rarely seek or incorporate feedback in ways that will enhance their future learning
or self-regulation strategies.


Self-assessment is a self-regulatory proficiency that is powerful in selecting and
interpreting information in ways that provide feedback. There are two major
aspects of self-assessment: self-appraisal and self-management (Paris &
Winograd, 1990). Self-appraisal relates to students' facility to review and evalu-
ate their abilities, knowledge states, and cognitive strategies through a variety of
self-monitoring processes. Self-management is the monitoring and regulating of
students' ongoing behavior through planning, correcting mistakes, and using fix-
up strategies. When students have the metacognitive skills of self-assessment, they
can evaluate their levels of understanding, their effort and strategies used on tasks,
their attributions and opinions of others about their performance, and their
improvement in relation to their goals and expectations. They can also assess their
performance relative to others' goals and the global aspects of their performance.
As students become more experienced at self-assessment, multiple dimensions of
performance can be assessed (Paris & Cunningham, 1996). Most important, stu-
dents know how and when to seek and receive feedback from others.


Students' willingness to invest effort in seeking and dealing with feedback
information relates to the transaction costs invoked at the self-regulatory level.
These transaction costs include effort costs (the effort necessary for feedback
search), face costs (the evaluative effects of others on the individual for seeking
feedback), and inference costs (the implications of inferential errors resulting from
inaccurately interpreting feedback; Ashford & Cummings, 1983; de Luque &
Sommer, 2000). The benefit incurred to offset these costs is a reduction in the gap
between current and desired or expected performance. It is the existence of evalu-
ative uncertainty that makes seeking feedback worth incurring the related costs
(Trope, 1975, 1980). When the cost/benefit ratio becomes prohibitive, however,
people refrain from seeking feedback.
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Decisions about whether to seek feedback are not only governed by this
cost/benefit ratio. In general, feedback is psychologically reassuring, and people
like to obtain feedback about their performance even if it has no impact on their
performance (Ashford & Cummings, 1983, p. 277). It is important, therefore, not
to confuse feelings that feedback is desirable with the question of whether feed-
back benefits performance.


The degree of confidence that students have in the correctness of responses can
affect receptivity to and seeking of feedback. Kulhavy and Stock (1989) noted that
if confidence or response certainty is high and the response turns out to be a cor-
rect one, little attention is paid to the feedback. Feedback has its greatest effect
when a learner expects a response to be correct and it turns out to be wrong. As
Kulhavy and Stock noted, "high confidence errors are the point at which feedback
should play its greatest corrective role, simply because the person studies the item
longer in an attempt to correct the misconception" (p. 225). Conversely, if response
certainty is low and the response turns out to be wrong, feedback is largely ignored.
In these circumstances, low confidence places "a student in a position requiring
associative strategies rather than the integration of new information into existing
structures. Under this condition, feedback should have minimal effect regardless
of whether or not the response is the correct one" (Kulhavy, 1977, p. 226). Further
instruction and information are more effective than feedback in this situation.


Feelings of self-efficacy are important mediators in feedback situations. From
their major review, Kluger and DeNisi (1996) concluded that feedback is effective
to the degree to which it directs information to enhanced self-efficacy and to more
effective self-regulation, such that attention is directed back to the task and causes
students to invest more effort or commitment to the task. These authors claimed
that such feedback is likely "to yield impressive gains in performance, possibly
exceeding 1 sd" (p. 278).


Students' attributions about success or failure can often have more impact than
the reality of that success or failure. There can be deleterious effects on feelings of
self-efficacy and performance when students are unable to relate the feedback to
the cause of their poor performance. Unclear evaluative feedback, which fails to
clearly specify the grounds on which students have met with achievement success
or otherwise, is likely to exacerbate negative outcomes, engender uncertain self-
images, and lead to poor performance (Thompson, 1997, 1998, 1999; Thompson
& Richardson, 2001). On the flip side, undeserved success feedback increases
outcome uncertainty and can lead to increases in self-handicapping strategies
(Smith, Snyder, & Handelsman, 1982). As Berglas and Jones (1978) claimed, self-
handicapping stems from a capricious, chaotic feedback reinforcement history,
suggesting that "it is not that their histories are pocketed with repeated failure; they
have been amply rewarded, but in ways and on occasions that leave them deeply
uncertain about what the reward was for" (p. 407).


There is considerable evidence that feedback that attributes performance to
effort or ability increases engagement and performance on tasks (Craven, Marsh,
& Debus, 1991; Dohrn & Bryan, 1994). The impact of feedback about effort or
ability, however, may depend on circumstances. Schunk and Rice (1991), for
example, highlighted the need to explore such feedback over extended periods,
because students may respond differently to the feedback depending on the stage
of task accomplishment. Effort feedback appears to be credible in the early stages
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of learning, when students need to expend effort to succeed. As skills develop, and
success should require less effort, ability feedback may become more credible.
Ability feedback, however, may detract from the learning focus of goals. Mueller
and Dweck (1998), for example, conducted a series of six studies with elementary
students and found that students provided with ability feedback were more perfor-
mance than learning oriented and reported poorer performance and lower enjoy-
ment of tasks after a failure.


Seeking help is a learner proficiency, and many types of help-seeking behavior
can be considered aspects of self-regulation. A major distinction is made between
instrumental help seeking (asking for hints rather than answers) and executive help
seeking (asking for answers or direct help that avoids time or work; Nelson-Le
Gall, 1981, 1985; Ryan & Pintrich, 1977). Higher levels of instrumental help seek-
ing lead to feedback at the self-regulation levels, whereas executive help seeking
is more likely to relate to the task level and sometimes the processing level. When
considering how to develop instrumental help-seeking behavior, it is important to
keep in mind it is mediated by emotional factors. Many students do not seek help
because of perceived threats to self-esteem or social embarrassment (Karabenick
& Knapp, 1991; Newman & Schwager, 1993).


Feedback About the Self as a Person


We include a final level of feedback not because it is effective but because it is
often present in class situations and too often used instead of FT, FP, or FR (Bond,
Smith, Baker, & Hattie, 2000). Personal feedback, such as "Good girl" or "Great
effort," typically expresses positive (and sometimes negative) evaluations and
affect about the student (Brophy, 1981). It usually contains little task-related infor-
mation and is rarely converted into more engagement, commitment to the learning
goals, enhanced self-efficacy, or understanding about the task. FS can have an
impact on learning only if it leads to changes in students' effort, engagement, or
feelings of efficacy in relation to the learning or to the strategies they use when
attempting to understand tasks. The effects at the self level are too diluted, too often
uninformative about performing the task, and too influenced by students' self-con-
cept to be effective. The information has too little value to result in learning gains.


Praise addressed to students is unlikely to be effective, because it carries little
information that provides answers to any of the three questions and too often
deflects attention from the task. Various meta-analyses have demonstrated its inef-
fectiveness. Wilkinson (1981) completed a meta-analysis on teacher praise and
concluded that it bears little, if any, relationship to student achievement (overall
effect = 0.12). Kluger and DeNisi (1998) also reported a similarly low effect size
for praise (0.09) and found that no praise has a greater impact on achievement
(0.34).


It is important, however, to distinguish between praise that directs attention
away from the task to the self (because such praise has low information value to
achievement and learning) and praise directed to the effort, self-regulation,
engagement, or processes relating to the task and its performance (e.g., "You're
really great because you have diligently completed this task by applying this con-
cept"). This latter type of praise can assist in enhancing self-efficacy and thus can
be converted by students back into impact on the task, and hence the effects are
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much greater. It seems likely, from reading these meta-analyses, however, that
reviewers do not always distinguish between praise as a reinforcer or reward (for
which it has zero to limited effect on achievement) and praise accompanied by
information about the processes or performance (which has more, but still lim-
ited, effect).


These concerns about praise are not the same as claiming that students do not
like to be praised; they do. Sharp (1985) reported that 26% of the adolescent stu-
dents in his sample preferred to be praised loudly and publicly when they achieved
on an academic task, 64% preferred to be praised quietly and privately, and only
10% preferred teachers to say nothing at all. Burnett (2002) and Elwell and Tiberio
(1994) reported a similar percentage among elementary students and found that
students preferred praise for trying hard rather than for having high ability (espe-
cially when the praise was public) and for achievement rather than for behavior.
On the other hand, praise delivered publicly by a teacher can be perceived as pun-
ishing by some students if delivered in the presence of a peer group that does not
esteem school achievement as valuable (Brophy, 1981; Carroll et al., 2001; Carroll,
Durkin, Hattie, & Houghton, 1997; White & Jones, 2000).


Praise may be counterproductive and have negative consequences on students'
self-evaluations of their ability. Meyer, Bachman, Hempelmann, Ploger, and
Spiller (1979) and Meyer (1982) conducted a series of studies related to this issue.
These authors demonstrated that older students perceived praise after success or
neutral feedback after failure as an indication that the teacher perceived their abil-
ity to be low. When given criticism after failure and neutral feedback after success,
they perceived that the teacher had estimated their ability to be high and their effort
low. The same effects were not evident for younger students, however, who per-
ceived praise after success as an indication of high ability and criticism after fail-
ure as a sign of low ability.


Part of the reason for the unpredictability of praise is that students often adopt
reputational lenses to seek or evaluate feedback information aimed at the self level
(e.g., "I want to be seen as a good student," "I do not want to be seen as a good stu-
dent"). Students do a lot of "in the head" comparisons (Goethals, Messick, &
Allison, 1991), and it is likely that such comparisons are selected, interpreted,
and/or biased. Strengths and positive performances are seen as unique and self-
created, whereas weakness and negative performances are seen as common in oth-
ers and possibly caused by others (Campbell, 1986; Goethals, 1986; Klein, 2001;
Suls & Wan, 1987). Such reputational lenses and biases, unless they lead to more
investment in the task or to the use of better strategies to accomplish the task, are
of low effectiveness (Carroll et al., 2001).


One of the difficulties with these in-the-head comparisons occurs because they
are rarely tied to specific tasks but rather tend to be more generalized at the self
level, and thus they can be difficult for teachers to change (Craven, 1997; Hattie,
1992), although they help explain why feedback directed at the self level is usu-
ally dissipated and ineffective in increasing engagement or understanding of tasks.
Typically, these strategies have a negative effect on learning (Hattie & Marsh,
1995) because they include or lead to self-handicapping, learned hopelessness, or
social comparison. The related feedback itself is usually discounted or dismissed,
and goals of low challenge are adopted.


97







Using the Four Levels and Three Questions to Untangle
Some Thorny Feedback Issues


The model presented in Figure 1 is used to address four commonly debated
issues about feedback: the timing of feedback, the effects of positive and negative
feedback, the optimal classroom use of feedback, and the role of assessment in
feedback.


The Timing of Feedback


There has been much research on the timing of feedback, particularly contrast-
ing immediate and delayed feedback. Most of this research has been accomplished
without recognition of the various feedback levels. For example, immediate error
correction during task acquisition (FT) can result in faster rates of acquisition,
whereas immediate error correction during fluency building can detract from the
learning of automaticity and the associated strategies of learning (FP). Similarly,
in their meta-analysis of 53 studies, Kulik and Kulik (1988) reported that at the task
level (i.e., testing situations), some delay is beneficial (0.36), but at the process
level (i.e., engaging in processing classroom activities), immediate feedback is
beneficial (0.28) (see also Bangert-Drowns, Kulik, Kulik, & Morgan, 1991;
Brackbill, Blobitt, Davlin, & Wagner, 1963; Schroth & Lund, 1993; Sturges, 1972,
1978; Swindell & Walls, 1993).


Another example demonstrating that the effects of immediate feedback are
likely to be more powerful for FT and delayed feedback more powerful for FP was
provided by Clariana, Wagner, and Roher Murphy (2000). They found that the
effectiveness of delayed compared with immediate feedback varied as a function
of the difficulty of items in their test of information taught in a series of lessons.
The effect sizes from delayed feedback were -0.06 for easy items, 0.35 for
midrange items, and 1.17 for difficult items. These authors suggested that difficult
items are more likely to involve greater degrees of processing about the task, and
delayed feedback provides the opportunity to do this, whereas easy items do not
require this processing and so delay is both unnecessary and undesirable.


The Effects of Positive and Negative Feedback


Kluger and DeNisi (1996) noted that both positive and negative feedback can
have beneficial effects on learning, and the argument presented in this article is that
the untangling of these effects depends more on the level at which the feedback is
aimed and processed than on whether it is positive or negative. Specifically, neg-
ative feedback is more powerful at the self level, and both types can be effective
as FI, but there are differential effects relating to commitment, mastery or perfor-
mance orientation, and self-efficacy at the FR level.


At the self level (FS), it has already been noted that no praise is more effective
than praise if accompanied by FT. Furthermore, there is much evidence to suggest
that negative feedback or disconfirmation can be more potent than positive feed-
back or confirmation at this self level (Brockner, 1979; Brunit, Huguet, & Monteil,
2000; Campbell & Fairey, 1985; Hattie, 1992; Janoff-Bulman & Brickman, 1982;
Kinch, 1963,1968; Okun & Sasfy, 1977; Shrauger & Sorman, 1977). Swann (1985)
and Swann and Hill (1982) found that individuals will go to great lengths to con-
firm their self-perceptions by attending most closely to feedback information that
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fits their view of the self and by trying to arrange their environment to acquire fur-
ther self-confirming evidence. Individuals also tend to reject or ignore negative
accounts of their behavior that differ from their own (Greenwald, 1980; Markus,
1977; Tesser & Campbell, 1983) or invoke an external frame of reference (Marsh,
1987, 1990).


At the self-regulation level, the commitment to goals is a major mediator of the
effectiveness of positive and negative feedback. Van-Dijk and Kluger (2000,2001)
demonstrated that positive feedback increases motivation relative to negative feed-
back for a task that people "want to do" and decreases motivation relative to neg-
ative feedback for a task that people "have to do." Thus, when we are committed
to a goal, we are more likely to learn as a function of positive feedback, but when
we undertake a task that we are not committed to (and hence have to do), we are
more likely to learn as a function of negative feedback (we need to be driven, in
the older motivation terminology). It is likely, however, that this effect is short
lived in that it may lead to future task avoidance behavior.


In circumstances in which students are committed to the goals, feedback can
trigger


an internal comparison process, which determines how individuals react to
feedback. Upon receiving negative feedback, individuals become more dis-
satisfied with their previous performance level, set higher performance goals
for their future performance, and perform at a higher level than those who
receive positive feedback or no feedback at all. (Podsakoff & Farh, 1989,
p. 62)


Positive feedback, however, can increase the likelihood that students will return
to or persist in an activity and self-report higher interest in the activity (Deci et al.,
1999).


There is also an interaction effect at this FR level between positive and nega-
tive feedback and the self-efficacy of students. Swann, Pelham, and Chidester
(1988) found that for highly self-efficacious students, feedback about initial suc-
cess may signify a talent or potential ability, which leads to better coping in the
face of disconfirmation feedback. They related the feedback to positive verifica-
tions of themselves as learners. As a consequence of disconfirmation feedback,
highly self-efficacious people make more optimistic predictions about their per-
formance after initial failure than after initial success, and they seek specifically
unfavorable feedback to excel at the tasks.


For the low self-efficacious students, positive feedback about initial success
may confirm that they have deficiencies that need to be remedied, which can lead
to a variety of reactions. One reaction may be further engagement to remedy these
"deficiencies" to reach a passable level of performance, which would afford pro-
tection against failure. Alternatively, these students may avoid tasks and feedback
following initial success, because such success signifies that they have already
reached an adequate level of performance, and further tests merely run the risk of
disconfirming the (sometimes hard gained) favorable outcome.


Disconfirmatory feedback can also have a negative impact on subsequent moti-
vation and performance for low self-efficacious students (Brockner, Derr, & Laing,
1987; Moreland & Sweeney, 1984). Kernis, Brockner, and Frankel (1989) argued
that low self-efficacious people are more likely to react to negative feedback by
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experiencing negative affect, exhibiting less motivation on a subsequent task, and


attributing the feedback less to effort and more to ability.
At the task level (FI), it has already been noted how powerful corrective feed-


back is for enhancing learning, particularly when learning new skills or tasks.


Disconfirmation with corrective information can be effective, but disconfirmation
without this information is of little use because it provides no information regard-
ing what to do or how to respond next time (Breakwell, 1983; Weiner, 1974a,
1974b, 1977). It is acknowledged that FT can be ignored by students if it is poorly
presented or if the students' knowledge is insufficient to accommodate additional
feedback information. Howie, Sy, Ford, and Vicente (2000) found that it was the
poor presentation (or lack of information value in the feedback) rather than stu-
dents' faulty knowledge that more often explained the low power of some feed-
back information.


Feedback and Classrooms


This feedback model highlights the demands on teachers if they are to teach
effectively. First, they need to undertake effective instruction. To reiterate, feed-


back is what happens second, and to make the feedback effective, teachers need to
make appropriate judgments about when, how, and at what level to provide appro-
priate feedback and to which of the three questions it should be addressed.


It is difficult to document the frequency of feedback in classrooms, except to
note that it is low. Bond et al. (2000) intensively documented the daily life of 65
teachers (half who had passed national board certification and half who had not).
Although feedback was one of the variables that most discriminated between those
who did and did not pass certification as "accomplished" teachers, the frequency
of FT was low in the classrooms of both groups (the most common form of feed-
back was*praise).


When feedback is given, it is likely to be self related (FS) or at best corrective
task related (FI) and to be influenced by perceptions of students' need. Teachers
give "poor" students more praise (FS), and the little FR provided is typically neg-
ative (Blote, 1995). Teacher feedback to boys is more related to a lack of effort or
poor behavior, and feedback to girls is more about ability attributions (Dweck,
Davidson, Nelson, &Enna, 1978).


Feedback is not only differentially given but also differentially received (Diehl
& Sterman, 1995; Paich & Sterman, 1993, Sterman, 1989). De Luque and Sommer
(2000) found that students from collectivist cultures (e.g., Confucian-based Asia,
South Pacific nations) preferred indirect and implicit feedback, more group-
focused feedback, and no self-level feedback. Students from individualist cultures
(e.g., the United States) preferred more direct feedback particularly related to
effort, were more likely to use direct inquiry to seek feedback, and preferred more
individual focused self-related feedback.


The climate of the classroom is critical, particularly if disconfirmation and cor-
rective feedback at any level is to be welcomed and used by the students (and
teachers). Errors and disconfirmation are most powerful in climates in which they
are seen as leading to future learning, particularly relating to processing and regu-
lation. Student engagement in learning is likely to be constrained by the evaluative
dimensions of classroom lessons because there is personal risk involved in


responding publicly and failing. Too often, the level of risk is determined by the
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likelihood that a student can supply an answer and by the accountability climate
set up by the teacher and other students (Alton-Lee & Nuthall, 1990, 1998; Doyle,
1983). Typically, students respond only when they are fairly sure that they can
respond correctly, which often indicates they have already learned the answer to
the question being asked. Errors, and learning from them, are rarely welcomed.


Simply providing more feedback is not the answer, because it is necessary to
consider the nature of the feedback, the timing, and how a student "receives" this
feedback (or, better, actively seeks the feedback). As already noted, students can
bias and select feedback information. The ways and manner in which individuals
interpret feedback information is the key to developing positive and valuable con-
cepts of self-efficacy about learning, which in turns leads to further learning.
Teachers need to view feedback from the perspective of the individuals engaged
in the learning and become proactive in providing information addressing the three
feedback questions and developing ways for students to ask these questions of
themselves. Students, too often, view feedback as the responsibility of someone
else, usually teachers, whose job it is to provide feedback information by deciding
for the students how well they are going, what the goals are, and what to do next.


Feedback and Assessment


There are major implications from this review of feedback for assessment in the
classroom. Assessment can be considered to be activities that provide teachers
and/or students with feedback information relating to one or more of the three feed-
back questions (at the FT, FP, or FR level). Such a definition places emphasis on
devising assessment tasks that provide information and interpretations about the
discrepancy between current status and the learning goals at any of the three lev-
els: about tasks, about the processes or strategies to understand the tasks, and about
the regulation, engagement, and confidence to become more committed to learn.
This contrasts with the more usual definition of assessment, an activity used to
assess students' levels of proficiency. This usual definition places more emphasis
on the adequacy of scores (and less on the interpretation of these scores). Crooks
(1988) and Black and Wiliam (1998) demonstrated there is little evidence that such
classroom testing has assisted in the learning process. Black and Wiliam, for exam-
ple, reviewed 578 publications relating to the role of assessment in learning and
concluded that classroom assessment


typically encourages superficial and rote learning, concentrating on recall of
isolated details, usually items of knowledge which pupils soon forget... teach-
ers do not generally review the assessment questions that they use and do not
discuss them critically with peers, so there is little reflection on what is being
assessed. (p. 17)


Too often, the power of assessment feedback is aimed to "drive" students
toward (often unspecified) goals or to "do more" or "do better." Students receive
little feedback information in these instances, primarily because the assessment
feedback does not address the three major questions, and rarely does such feed-
back enhance the processes (FP) and metacognitive attributes (FR) of the task.
Furthermore, teachers too often see assessment feedback as making statements
about students, not about their teaching (Timperley & Wiseman, 2002). Thus, the
benefits of feedback in the classroom from such testing are often diluted.
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There are many ways in which teachers can deliver feedback to students and for
students to receive feedback from teachers, peers, and other sources. The implica-
tion is not that we should automatically use more tests (Bangert-Drowns, Kulik, &
Kulik, 1991). Rather, for students, it means gaining information about how and
what they understand and misunderstand, finding directions and strategies that they
must take to improve, and seeking assistance to understand the goals of the learn-
ing. For teachers, it means devising activities and questions that provide feedback
to them about the effectiveness of their teaching, particularly so they know what
to do next. Assessments can perform all these feedback functions, but too often,
they are devoid of effective feedback to students or to teachers.


Conclusions


Feedback is information provided by an agent (e.g., teacher, peer, book, parent,
experience) regarding aspects of one's performance or understanding. It occurs
typically after instruction that seeks to provide knowledge and skills or to develop
particular attitudes. The model proposed in this article identifies three major feed-
back questions: Where am I going? How am I going? and Where to next? The
answers to these questions enhance learning when there is a discrepancy between
what is understood and what is aimed to be understood. It can increase effort, moti-
vation, or engagement to reduce this discrepancy, and/or it can increase cue search-
ing and task processes that lead to understanding (thus reducing this discrepancy).
Feedback is among the most critical influences on student learning. A major aim
of the educative process is to assist in identifying these gaps ("How am I going?"
relative to "Where am I going?") and to provide remediation in the form of alter-
native or other steps ("Where to next?").


The model discriminates between four levels of feedback: the task, the pro-
cessing, the regulatory, and the self levels. Effective feedback at the task, process,
and self-regulatory levels is interrelated. Fr is more powerful when it results from
faulty interpretations, not a lack of understanding. It is most effective when it aids
in building cues and information regarding erroneous hypothesis and ideas and
then leads to the development of more effective and efficient strategies for pro-
cessing and understanding the material. Feedback at the process level is most ben-
eficial when it helps students reject erroneous hypotheses and provides cues to
directions for searching and strategizing. Such cues sensitize students to the com-
petence or strategy information in a task or situation. Ideally, it moves from the


task to the processes or understandings necessary to learn the task to regulation
about continuing beyond the task to more challenging tasks and goals. This process
results in higher confidence and greater investment of effort. This flow typically
occurs as students gain greater fluency and mastery. Feedback that attends to self-
regulation is powerful to the degree that it leads to further engagement with or
investing further effort into the task, to enhanced self-efficacy, and to attributions
that the feedback is deserved and earned. When feedback draws attention to the
regulatory processes needed to engage with a task, learners' beliefs about the
importance of effort and their conceptions of learning can be important modera-
tors in the learning process.


Feedback at the self or personal level (usually praise), on the other hand, is
rarely effective. Praise is rarely directed at addressing the three feedback questions
and so is ineffective in enhancing learning. When feedback draws attention to the
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self, students try to avoid the risks involved in tackling challenging assignments,
to minimize effort, and have a high fear of failure (Black & Wiliam, 1998) to min-
imize the risk to the self.


The three feedback questions are certainly not linearly interpreted or imple-
mented, and the boundaries between them are fuzzy. Although it is important to
know about goals, learning experiences do not necessarily begin by asking "What
are the goals?" because these can be discovered (usually in more specific ways) as
we undertake particular tasks. Goals can be many and sometimes competing, and
much of the learning that accrues can lead to creating options to achieve the goals,
weighing the pros and cons of options, considering the likelihood that a given
course of action will lead to the goals, and learning about and evaluating the con-
sequences of achieving the goals. Thus, goals may be constantly at issue, and the
feedback about "How am I going?" can help in these evolving goal-related con-
siderations. Similarly, the answer to "Where to next?" may be nowhere, if the goal
is unchanging, the "outcome" is further engagement with the same or similar tasks,
or the student believes that the answer is "wherever the teacher tells me to go."
Such reactions typically indicate low self-regulation or overly dominant classroom
regimes. The answer to "Where to next?" needs to be more directed to the refine-
ment and seeking of more challenging goals, because these have the highest like-
lihood of leading to greater achievement.


It should be clear that providing and receiving feedback requires much skill by
students and teachers. The model advanced in this article does not merely invoke
a stimulus-and-response routine but requires high proficiency in developing a
classroom climate, the ability to deal with the complexities of multiple judgments,
and deep understandings of the subject matter to be ready to provide feedback
about tasks or the relationships between ideas, willingness to encourage self-
regulation, and having exquisite timing to provide feedback before frustration
takes over. To be able to devote time and thoughts to feedback is aided when teach-
ers automate many other tasks in the classroom and provide rich learning oppor-
tunities for all students and thus have the time and resources to be responsive to
feedback (Hattie & Jaeger, 1998).


The model firmly identifies that feedback involves both the giving and receiv-
ing (by teachers and/or by students), and there can be gulfs between these. Students
construct their worlds of learning and classrooms, and it is a major argument of
this article that it is crucial for teachers to understand and appreciate that provid-
ing feedback is only a part of the equation. Similarly, some tasks more than others
can lead to more effective feedback by teachers, students, or both. Learning can be
enhanced to the degree that students share the challenging goals of learning, adopt
self-assessment and evaluation strategies, and develop error detection procedures
and heightened self-efficacy to tackle more challenging tasks leading to mastery
and understanding of lessons. Students' self strategies and help seeking can medi-
ate whether these effects occur. Students who wish to confirm positive self-belief
rather than focus on learning goals are more likely to adopt or seek feedback that
maximizes positive self-evaluations and/or minimizes negative self-evaluations. A
number of self strategies were identified that inhibit the effects of feedback on
learning, and it is only when students are grounded in and committed to the goals
of learning and when the feedback is related to accomplishments of the learning
that feedback is effective (Crocker & Wolfe, 2001). A major task for teachers and
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parents is to make academic goals salient for all students, because students who
are prepared to question or reflect on what they know and understand are more
likely to seek confirmatory and/or disconfirmatory feedback that allows for the
best opportunities for learning.


Feedback, however, is not "the answer"; rather, it is but one powerful answer.
With inefficient learners, it is better for a teacher to provide elaborations through
instruction than to provide feedback on poorly understood concepts. If feedback is
directed at the right level, it can assist students to comprehend, engage, or develop
effective strategies to process the information intended to be learned. To be effec-
tive, feedback needs to be clear, purposeful, meaningful, and compatible with stu-
dents' prior knowledge and to provide logical connections. It also needs to prompt
active information processing on the part of learners, have low task complexity,
relate to specific and clear goals, and provide little threat to the person at the self
level. The major discriminator is whether it is clearly directed to the task,
processes, and/or regulation and not to the self level. These conditions highlight
the importance of classroom climates that foster peer and self-assessment and
allow for learning from mistakes.


There are major implications for the design of assessments. Too often, assess-
ments are used to provide snapshots of learning rather than providing information
that can be used by students or their teachers to address the three feedback ques-
tions. Certainly, a critical conclusion is that teachers need to seek and learn from
feedback (such as from students' responses to tests) as much as do students, and
only when assessment provides such learning is it of value to either. Most current
assessments provide minimal feedback, too often because they rely on recall and
are used as external accountability thermometers rather than as feedback devices
that are integral to the teaching and learning process. It is the feedback informa-
tion and interpretations from assessments, not the numbers or grades, that matter.


In too many cases, testing is used as the measure to judge whether change has
occurred rather than as a mechanism to further enhance and consolidate learning
by teachers or students. The costs of these thermometer-related accountability tests
are high, and the feedback returns are minimal (Shepard et al., 1996).


On the other hand, when feedback is combined with effective instruction in


classrooms, it can be very powerful in enhancing learning. As Kluger and DeNisi
(1996) noted, a feedback intervention provided for a familiar task, containing cues
that support learning, attracting attention to feedback-standard discrepancies at the
task level, and void of cues that direct attention to the self is likely to yield impres-
sive gains in students' performance. It is important to note, however, that under
particular circumstances, instruction is more effective than feedback. Feedback can
only build on something; it is of little use when there is no initial learning or sur-
face information. Feedback is what happens second, is one of the most powerful
influences on learning, too rarely occurs, and needs to be more fully researched by
qualitatively and quantitatively investigating how feedback works in the classroom
and learning process.
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Abstract


Competency-based medical education (CBME), by definition, necessitates a robust and multifaceted assessment system.


Assessment and the judgments or evaluations that arise from it are important at the level of the trainee, the program, and the


public. When designing an assessment system for CBME, medical education leaders must attend to the context of the multiple


settings where clinical training occurs. CBME further requires assessment processes that are more continuous and frequent,


criterion-based, developmental, work-based where possible, use assessment methods and tools that meet minimum requirements


for quality, use both quantitative and qualitative measures and methods, and involve the wisdom of group process in making


judgments about trainee progress. Like all changes in medical education, CBME is a work in progress. Given the importance of


assessment and evaluation for CBME, the medical education community will need more collaborative research to address several


major challenges in assessment, including ‘‘best practices’’ in the context of systems and institutional culture and how to best to


train faculty to be better evaluators. Finally, we must remember that expertise, not competence, is the ultimate goal. CBME does


not end with graduation from a training program, but should represent a career that includes ongoing assessment.


Introduction


Competency-based medical education (CBME), by definition,


necessitates a robust and multifaceted assessment system


(Norcini et al. 2008). Assessment and the judgments or


evaluations that arise from it are important at the level of the


trainee, the program, and the public. For trainees, CBME


requires enhanced attention to formative assessment to ensure


they receive frequent and high-quality feedback to guide their


development and the acquisition of the necessary competen-


cies (Carraccio et al. 2002; Bing-You & Trowbridge 2009). For


those trainees with deficiencies in certain knowledge areas,


skills, or attitudes, CBME can provide an ‘‘early warning


system’’ to guide remedial action; for the few trainees who do


not and will not ever possess the minimum level of


competence required for medical practice, early identification


will facilitate an earlier and fair exit from medical education.


On the other end of the spectrum, more advanced trainees can


receive frequent, formative assessment that allows their


training to be focused more effectively, thus potentially


facilitating their more rapid advancement – to the ultimate


benefit of patients, society, and the trainees themselves.


At the program level, effective assessment provides the


information and judgment necessary to enable program-level


decisions about trainee advancement to be made reliably and


fairly (Hawkins & Holmboe 2008). Effective assessment also


potentially reduces dependence on educational ‘‘dwell time’’


as a proxy for competence – a characteristic that describes


most current medical education programs (Carraccio et al.


2002). The aggregation of assessment information across


trainees provides valuable feedback on the training program’s


curriculum as part of continuous quality improvement. In the


United States, aggregated measurement of competence in


training programs has been proposed as a way to allow the


accreditation system to evolve in a manner that places more


emphasis on the attainment of educational outcomes and less


Practice points


. A competency-based approach to medical education


relies on continuous, comprehensive, and elaborate


assessment and feedback systems.


. Ideally, a major portion of the assessments should be


performed in the context of the clinical workplace and


should be criterion-referenced.


. Assessment facilitates the developmental progression of


competence.


. A number of useful assessment methods already exist;


work should focus on helping training programs use


such methods more effectively.


. New assessment tools and approaches will need to be


developed for ‘‘new’’ competencies such as teamwork,


systems, and quality improvement, among others, to


fully realize the promise of CBME.


Correspondence: Eric S. Holmboe, MD, American Board of Internal Medicine, 510 Walnut Street, Suite 1700, Philadelphia, PA 19106. Tel: 215-446-


3606; fax: 215-446-3633; email: eholmboe@abim.org


676 ISSN 0142–159X print/ISSN 1466–187X online/10/080676–7 � 2010 Informa Healthcare Ltd.


DOI: 10.3109/0142159X.2010.500704


M
ed


 T
ea


ch
 D


ow
nl


oa
de


d 
fr


om
 in


fo
rm


ah
ea


lth
ca


re
.c


om
 b


y 
U


ni
ve


rs
ity


 o
f 


Sa
sk


at
ch


ew
an


 o
n 


12
/2


0/
10


Fo
r 


pe
rs


on
al


 u
se


 o
nl


y.







on process and structure; such a system would thus be focused


on continuous quality improvement (Goroll et al. 2004; Nasca


2008). This is not to say that program evaluation should be


based solely on aggregate assessment data, but simply that


without using aggregate information as part of the ‘‘synthesis’’


in judging programs, it is hard to imagine how we can fulfill


any of the promises of outcomes-based education.


Finally, robust, accurate assessment is essential to profes-


sional self-regulation, a privilege granted to medical education


but increasingly viewed with skepticism and cynicism world-


wide. For example, the governments in Australia, Canada, and


the United Kingdom have become more directly involved in


the regulation of medical education, and similar conversations


are beginning to occur in the United States (Chantler & Ashton


2009; Shaw et al. 2009; Medicare Payment Advisory


Commission 2009). Training a physician is a very expensive


enterprise for which, in almost every country, substantial


financial support is provided from the public purse. CBME


therefore provides an opportunity to regain public trust by


using precious resources more wisely and efficiently, ensuring


that all trainees attain high standards of knowledge, skills, and


attitudes in the key competencies expected of them.


The setting of training and
assessment


After the early years of medical school, most education occurs


through the care of real patients in clinical settings. Although


various forms of simulation are becoming standard (Issenberg


et al. 2005; Cleland et al. 2009), learning and assessment will


occur predominantly in the clinical workspace for the


foreseeable future. This requires that any evaluation system


incorporate a robust and effective work-based assessment


program. Traditional approaches to measurement, based in the


psychometric imperative, have been leery of work-based


assessment, given the biases inherent in the clinical setting


and the challenges of ‘‘adjusting’’ for contextual factors that


make it difficult to determine the ‘‘true’’ score, or rating, of


competence (Rethans et al. 2002; Williams et al. 2003; Govaerts


et al. 2007).


The implications of these considerations for CBME is that


this approach to medical education must account for and


incorporate contextual factors arising from the clinical setting


into assessment processes.


Clinical microsystems


The predominant clinical units where trainees work and


learn – for example, ambulatory clinics, hospital wards,


surgical suites, and intensive care units – are microsystems.


As defined by Nelson and colleagues, a clinical microsystem is


‘‘a small group of people who work together on a regular basis


to provide care to discrete subpopulations of patients. It has


clinical and business aims, linked processes, and a shared


information environment, and produces performance out-


comes’’ (Nelson et al. 2007).


Microsystems provide the context for work-based training


and assessment. Although it follows logically that a prerequi-


site for CBME would be that trainees work and learn in


functional microsystems to enhance the attainment of compe-


tency, the assessment system is also inevitably embedded in


the microsystems of the training program, making it important


for educators to carefully consider how the culture and


functionality of these multiple microsystems affect assessment


processes (Rethans et al. 2002). Unfortunately, there is


substantial evidence that trainees too often learn and work


in dysfunctional microsystems. This reality may be a major


impediment to CBME in general and to assessment in


particular (Bowen et al. 2005; Reddy et al. in press; Hafferty


& Levinson 2008). However, beyond the contextual issues, our


understanding of clinical microsystems can help to inform our


decisions about how an effective assessment system for CBME


should move forward.


Necessary components of an
effective assessment system


Assessment should be viewed in the context of a complex


adaptive system (McDaniel & Driebe 2001; Nelson et al. 2007).


Complex adaptive systems share several important character-


istics. First, they consist of multiple interconnected elements,


including individuals who have the capacity to learn from one


another, to adapt, and therefore to change (Suchman 2006).


Assessment systems consist of multiple ‘‘agents’’ (e.g., faculty


members, peers, patients, and other non-physician health care


providers) using multiple assessment methods and tools (e.g.,


exams, mini-CEX, audit, multi-source feedback, simulation,


etc.) in collaboration with the trainee in a competency-based


training model. Understanding these interactions and how they


adapt and change is crucial to creating, maintaining, and


constantly improving a CBME assessment system. Table 1


correlates the nine factors identified for successful clinical


Table 1. Microsystem success factors and assessment system correlates.


Microsystem success characteristic Assessment system correlates


Information and information technology Portfolio, preferably electronic


Leadership of microsystem Clerkship and program directors


Macrosystem support of microsystem Support and resources from department chair and institution


Patient focus Appropriate clinical experiences; measuring patient experience


Staff focus Faculty development in assessment; involvement of non-physicians in assessment


Interdependence of care team Working in interdisciplinary teams; teamwork competence


Process improvement Continuous quality improvement of assessment methods and training tools


Education and training Competency-based; developmental clinical experiences; milestones and benchmarks


Performance results Outcomes of training; at minimum, competence needed to advance to next stage


Assessment in CBME
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microsystems with what these factors might look like for a


successful assessment system. With this framework in mind,


we will now explore six key features and components of


effective assessment in CBME.


1. Assessment needs to be more continuous and
frequent


As Carraccio and colleagues have outlined (2002), a compe-


tency-based education program emphasizes formative over


summative assessment. This is not to say that summative


assessment is unimportant; indeed, the medical education


community has a professional obligation to the public to


ensure that its trainees are ultimately competent for unsuper-


vised practice. A greater emphasis on formative assessment,


while supported by educational theory (McCowan 1998;


Hodge 2007), is also consistent with work on the development


of expertise through ‘‘deliberate practice’’ (Ericsson 2006,


2007). The deliberate practice concept highlights the need for


effective coaching, mentoring, and feedback. Feedback is only


as good as the assessment that informs it: inaccurate


assessment leads to ineffective feedback and potentially


delayed development. However, effective feedback can be a


powerful tool for professional development (Hattie &


Timperley 2007).


As noted by Hattie and Timperley in their extensive review


across the continuum of education, feedback may be the most


potent ‘‘intervention’’ in helping learners progress (Hattie &


Timperley 2007). Feedback in clinical education is a complex


process involving specific skills that must be tightly integrated


into the assessment system (van der Ridder et al. 2008). We


now know that, when performed in isolation, self-assessment


is not only ineffective but is potentially dangerous (Davis et al.


2006; Eva & Regehr 2008). Furthermore, feedback is a key


component that guides trainees in more meaningful self-


directed assessment-seeking behaviour that is critical in a


competency-based system (Eva & Regehr 2008). An effective


CBME system must continuously link robust assessment with


equally robust feedback on a continuous basis.


2. Assessment must be criterion-based, using a
developmental perspective


A normative approach to assessment, based on comparable


trainees within an institution, makes the attainment of true


outcomes very difficult. As a result, standards are too often set


below appropriate expectations. A simple example might help


to illustrate the problem. The insertion of central venous lines


is an important procedure for many trainees to know how to


perform, but is associated with potentially serious patient


complications. A growing number of residency programs in


the United States have mandated simulator training before


allowing residents to perform the procedure on patients in


hospital. One of these programs compared performance on


central line insertion at baseline and after training using a


criterion-based approach. At the baseline assessment, essen-


tially all the residents failed to meet the criteria for minimal


safety in independently performing central line insertion: in


other words, simply getting the line into the right vessel was


not enough. In fact, the baseline performance among the


residents was remarkably similar, making the point that a


normative approach to assessment in this situation could have


led to a mistaken judgment that most members of the group


were competent, when in fact everyone was incompetent to


insert central lines safely (Barsuk et al. 2009).


Criteria should also to be developmental in nature, where


appropriate. Defining the criteria in developmental terms,


commonly called milestones or benchmarks, allows programs


to determine whether the trainee is on an appropriate


‘‘trajectory’’ (Green et al. 2009). Milestones provide specific


guidance on trainee progress throughout the continuum of


their training program. For example, the milestone for effective


counselling by an intern at 12 months would be the effective


use of the basic elements of informed decision-making for


uncomplicated issues (e.g., starting a medication with known


risks), but by 24 months he or she must be able to engage


patients and family members in shared decision-making for


complicated diagnostic and therapeutic scenarios. Milestones,


in effect, become the blueprint for assessment and help to


guide the appropriate selection of assessment methods


and tools, and can help to create the holistic narratives or


‘‘stories’’ of where trainees should be developmentally (Green


et al. 2009).


3. Competency-based medical education, with its
emphasis on preparation for what the trainee will
ultimately do, requires robust work-based
assessment


Simulation and other non–work-based forms of assessment


will continue to grow in importance, as they should.


Simulation, in particular, provides a venue for deliberate


practice, including immediate assessment and feedback during


the early stages of learning, while protecting patients from


potential harm (Issenberg et al. 2005). Nonetheless, assess-


ment must also be based on ‘‘authentic’’ encounters and


frequent direct observation (Carraccio et al. 2002; Williams


et al. 2003; Govaerts et al. 2007). Although some have noted


the lack of strong evidence that work-based assessments are


better than more traditional forms (Norcini 2003), we believe


that work-based assessment is an essential component of


CBME, especially given the greater need for formative


assessment and feedback.


As a result, a CBME assessment system places more, not


fewer, demands on faculty. Faculty work side by side with


trainees on a daily basis and are therefore in an excellent


position to provide real-time evaluation and feedback. They


need to be keen and accurate observers of trainee perfor-


mance, but despite this central role, we know very little about


effective faculty observation skills and behaviours (Williams


et al. 2003; Govaerts et al. 2007). Of the limited studies


performed to date on observation, all have demonstrated that


faculty frequently fail to identify deficiencies in trainees’


clinical skills (Herbers et al. 1989; Kalet et al 1992; Holmboe


2004). Few studies have described an attempt to improve


direct observation skills through faculty development (Noel


et al. 1992; Holmboe et al. 2004; Cook et al. 2009); the only


one that showed any benefit concerned assessment conducted
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in a controlled setting rather than in clinical environments with


real patients (Holmboe et al. 2004). One of the major


challenges will be how best to train faculty to be more


accurate observers and better assessors of performance,


especially with respect to the complex interactions and


contextual factors involved in actual patient care that often


cannot be reproduced and measured with simulated patients.


In addition, faculty corroboration of trainee findings and


judgments through other supervisory activities beyond direct


observation are also important inputs into effective assessment


(Kennedy et al. 2007).


4. Training programs must use assessment tools
that meet minimum standards of quality


The community needs to move away from developing


multiple ‘‘home-grown’’ assessment tools and work instead


toward the adoption of a core set of assessment tools that will


be used across all programs within a country or region.


Medical education has suffered from too much variability in


the choice and use of assessment tools, akin to the variability


seen in the delivery and quality of health care (Fisher et al.,


2003). Several frameworks are available to guide the evalua-


tion of the quality of assessment tools. One of these, the


utility index (van der Vleuten 1996), is a simple but useful


formula:


Utility ¼ validity� reliability � educational impact


� acceptability � cost effectiveness:


Another framework, recently developed by the ACGME’s


Advisory Committee on Educational Outcome Assessment,


uses a hybrid approach that, combining elements of the utility


index and a grading system based on clinical guidelines,


produces a ‘‘report card’’ summary for a specific assessment


tool (Swing et al. in press). However, a word of caution is in


order: we cannot wait for the ‘‘perfect’’ assessment tools but,


rather, must use the best combination of tools available for the


purpose. It is also important to highlight the fact that being


‘‘good enough’’ does not depend only on whether a tool has


satisfactory psychometric characteristics. A number of assess-


ment experts are arguing for a broader conception of


measurement that considers constructivist approaches and


incorporates, instead of adjusting for, context into the


assessment process (Govaerts et al. 2007).


A number of tools have been studied for work-based


assessment, but too many have been studied only within single


institutions, or have not been sufficiently investigated for


validity, reliability, and other attributes. For example, the best-


studied assessment tool for direct observation is the mini-CEX;


although at least 20 studies of this tool are now in print, we still


lack a full understanding of how best to utilize it (Kogan et al.


2009). The primary reason for this state of affairs is the lack of


recognition that any work-based assessment tool is only as


good as the individual using it (Landy & Farr 1980; Murphy &


Cleveland 1995). For CBME to be ultimately successful, we


need not only a combination of better assessment tools


but also more skilled faculty and other assessors who will use


them.


5. We must be willing to incorporate more
‘‘qualitative’’ approaches to assessment


Qualitative approaches to assessment could include written


narrative and the synthesis of conversations that occur during


evaluation sessions. Research has shown that valuable and


defensible information can be obtained during evaluation


sessions, especially with respect to difficult competencies such


as professionalism (Hemmer et al. 2000; Battistone et al. 2001),


and that qualitative methods can be used reliably to judge


portfolios (Driessen et al. 2005). In fact, as a synthetic and


comprehensive approach to assessment, portfolios require a


mixed approach to judging overall competence not only as


part of an evaluation system (Holmboe et al., 2006) but also as


an important component of continuous professional develop-


ment and maintenance of certification (Holmboe 2008).


Some have argued that there is too much emphasis on the


‘‘objectification’’ of assessment when judgment can just as


effectively be expressed in words instead of numbers


(Govaerts et al. 2007). For example, the results of a direct


observation assessment by faculty could be synthesized into a


number on a rating scale, a categorization using words of


judgment (e.g., ‘‘satisfactory’’), or a narrative description (e.g.,


‘‘the trainee appropriately began the patient interview with an


open-ended question and effectively gathered key information


for diagnosis’’). All three have the capacity to provide a


judgment, but the narrative example provides the level of


specificity needed by the trainee to make improvements and


develop learning plans.


6. Assessment needs to draw upon the wisdom of a
group and to involve active engagement by the
trainee


No single individual should make judgments about the


competence of a trainee in isolation, especially for summative


decisions (Swing et al. 2010). Assessment in a CBME system


must actively engage the resident in the assessment process.


The concept of ‘‘self-directed assessment seeking’’ for practis-


ing physicians is an equally important concept for trainees


(Eva & Regehr 2008). CBME demands active involvement by


the trainee, and programs must empower trainees in assess-


ment. When it is done well, the assessment process of CBME


should prepare trainees to maintain, at a minimum, compe-


tence over the course of their careers. Multiple studies suggest


that too many practising physicians in the past were


unsuccessful in this pursuit (Choudhry et al. 2005). Ensuring


that all physicians have the skills to seek and perform reliable


and valid assessments of their own practice performance is


essential to the maintenance of competence (Duffy et al.


2008). It is conceivable that milestones and other descriptive


performance criteria developed as a part of CBME will provide


helpful guidance for self-assessment during a physician’s


training and career.


Future concepts for assessment


Future assessment approaches will need to focus more on the


interactions involved in competence and clinical practice than
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simply on the tasks of being a physician. This is especially true


with regard to the interaction between trainees and the


microsystems where they train, which includes the interactions


trainees have with all individuals working in the microsystem.


Until recently, we have viewed the ‘‘system’’ mainly as context


for assessment. However, we are now beginning to recognize


that physicians need specific knowledge, skills, and attitudes


to work successfully within microsystems. Examples of such


microsystem competencies include working effectively as a


member of a team and effective interprofessional interactions


with non-physician health care providers. The dividing line


between systems as providing a ‘‘context’’ for competency and


as a specific facet of ‘‘competency’’ is increasingly blurred, for


competency is not only demonstrated within the specific


context of a system but also pertains to engagement with the


system itself. In other words, one element of competency is


how effectively a trainee or physician interacts with the


system, either to get a task or process done well, or to change


the system in order to improve a clinical care process.


Trainees will need these skills when they become


responsible for working and leading microsystems of their


own. For CBME, an essential philosophical question for


assessment will be what and how much ‘‘adjustment’’ for the


microsystem should be part of the assessment of trainees, and


what aspect of trainees’ interactions with their microsystems is


itself a competency.


Finally, evaluation – the judgment aspect of the assessment


system – must be integrative and synthetic. One of the major


criticisms that has been made of CBME is that it has a


propensity to reduce learning and assessment to a series of


‘‘checkboxes’’ (Leung 2002; Talbot 2004). However, we do not


believe that the philosophy and theories underpinning CBME


are at all inconsistent with integrative and interactional


assessment. The power of robust, multifaceted assessment


facilitates a process that can synthesize the results of


longitudinal and developmental assessment into a more


comprehensive, holistic evaluation that is more than the sum


of its parts. Human judgment, whether applied in the


construction of multiple-choice questions or the use of


standardized patients and simulation, or as applied in direct


observations by faculty, patients, and other health care


providers, will be part of the assessment process for the


foreseeable future. The challenge for the work-based assess-


ment aspects of the CBME system is to maximize the quality of


human observation and judgment.


Research agenda


Like all changes in medical education, CBME is a work in


progress. Given the importance of assessment and evaluation


for CBME, the medical education community will need to


embark on more collaborative research to identify best


practices of assessment in the context of systems and


institutional cultures. This research will require consideration


of new strategies that incorporate the best of both quantitative


and qualitative methods and deliberately include context as a


key component of the research. ‘‘Realistic evaluation’’ and the


(UK) Medical Research Council’s strategy on studying complex


interventions are two models that warrant attention for medical


education research (Pawson & Tilley 1997; Campbell et al.


2007).


The other urgent area of need is to determine how to train


faculty to be better evaluators. Despite the central role of


faculty in both teaching and assessment, we still know


soberingly little about how faculty members conduct their


assessments and how best to improve their evaluation skills.


Although assessments by others such as patients, peers, and


other health care providers are also critical, and despite the


fact that simulation has much to offer, faculty cannot and


should not be removed from the process. At a minimum, it is


part of a faculty member’s professional responsibility to


perform evaluations.


Finally, our assessment frameworks need to account for


expertise. As we study approaches to assessment within the


competency-based model of medical education, we must


remember that CBME does not seek competence as an


ultimate state, but rather recognize that expertise is the end


goal. CBME does not end with graduation from a training


program, but should be integral to a career that includes


ongoing assessment.
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Abstract. Formative assessments are systematically designed instructional interventions to assess


and provide feedback on students’ strengths and weaknesses in the course of teaching and


learning. Despite their known benefits to student attitudes and learning, medical school curricula


have been slow to integrate such assessments into the curriculum. This study investigates how


performance on two different modes of formative assessment relate to each other and to per-


formance on summative assessments in an integrated, medical-school environment. Two types of


formative assessment were administered to 146 first-year medical students each week over


8 weeks: a timed, closed-book component to assess factual recall and image recognition, and an


un-timed, open-book component to assess higher order reasoning including the ability to identify


and access appropriate resources and to integrate and apply knowledge. Analogous summative


assessments were administered in the ninth week. Models relating formative and summative


assessment performance were tested using Structural Equation Modeling. Two latent variables


underlying achievement on formative and summative assessments could be identified; a ‘‘for-


mative-assessment factor’’ and a ‘‘summative-assessment factor,’’ with the former predicting the


latter. A latent variable underlying achievement on open-book formative assessments was highly


predictive of achievement on both open- and closed-book summative assessments, whereas a


latent variable underlying closed-book assessments only predicted performance on the closed-


book summative assessment. Formative assessments can be used as effective predictive tools of


summative performance in medical school. Open-book, un-timed assessments of higher order


processes appeared to be better predictors of overall summative performance than closed-book,


timed assessments of factual recall and image recognition.
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Improving the quality of high stakes assessment for undergraduate medical
student training has invariably evoked the interest of medical educators
(Rolfe and McPherson, 1995). In contrast to ‘‘summative’’ assessments,
implemented to make decisions about student progress or certification, little
attention has been devoted to ‘‘formative’’ assessments, which are under-
taken to help develop students’ intellectual capabilities for improved
achievement, to identify and act upon students’ strengths and weaknesses,
and to modify teaching practices if needed (Mennin and Kalishman, 1998).
Formative assessments are systematically designed interventions adminis-
tered during the assigned period of instruction to enhance cognitive and
motivational support for learning and achievement in multiple ways: by
informing students of the gap between their existing and expected knowl-
edge states, by familiarizing students with what will be expected on sum-
mative assessments, by providing feedback on students’ thinking, and by
guiding the direction of their learning. Because they are not part of sum-
mative assessment, these instructional interventions occur within a non-
threatening environment (Rolfe and McPherson, 1995; Sadler, 1989; Wass
et al., 2001), which may account for the positive response such assessments
elicit among students across all types of formats and domains (Henly, 2003;
Hill et al., 1994; Houghton and Wall, 2000; Paschal, 2002; Peat and
Franklin, 2002; Ritter, 2000; Vaz et al., 1996; Velan et al., 2003). A recent
report published by the Association of American Medical Colleges (2004)
proposing curricular reform guidelines towards an ideal medical education
system states that such a system will, ‘‘conduct a rigorous assessment of
learners’ abilities throughout the course of their careers, to assist them in
improving their performance (formative assessment) and to ensure that they
have achieved the level of performance required to advance professionally
(summative assessment).’’


An overriding purpose of developing and administering formative
assessments is to make a measurable difference in student achievement on
summative assessment. As pointed out by Ramsden (1992), the assessment is
the curriculum, and by-and-large, students adjust their learning to what they
expect to be tested on. Thus, formative assessments can serve as excellent
tools for shaping the way students approach the material in a course. In
addition, it has long been known (Ebbinghaus, 1885/1913) that greater
retention of knowledge occurs when learning trials are spaced rather than
massed, and weekly formative assessments are likely to promote distributed
studying throughout the period of the course rather than just before the final
exam. Given the large amount of faculty effort and time involved in planning,
developing and administering formative assessments, integrating these into
the curriculum must be evaluated against competing instructional strategies
to achieve the same goals.
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Several studies have suggested that formative assessments can improve
performance on subsequent summative assessment (Bondemark et al., 2004;
Greer, 2001; Thiesen-Roe et al., 2004). These studies have examined the ef-
fects of formative assessments on achievement via inferential, correlational
analyses based on a linear causal framework. In this paper, we hypothesize
that complex, interactive relationships may exist among multiple formative
assessments and performance which warrant an investigation. The purpose of
the present study is to examine, for beginning medical-students, the rela-
tionships between performance on required, weekly, formative assessments
and on summative assessments. These assessments were given within the
context of an integrated curriculum in which each week’s material applied
multiple disciplines to understanding the topic being presented. For the
curricular block studied in this report, basic science concepts, application of
basic science to clinical problems, histopathology and superficial anatomy,
and concepts underlying interviewing and physical examination were all
applied to understanding basic processes underlying disease. Within this
curricular context, we investigated how achievement on formative assess-
ments predicts performance on a summative assessment as a whole, as well as
by type of assessment. Assessment formats included a timed, closed-book
assessment aimed at evaluating factual recall and image recognition (Peitz-
man et al., 1990) and referred to here simply as Closed-Book, and an un-
timed, open-book/resource assessment designed to evaluate higher order
skills (Peitzman et al., 1990) including the ability to synthesize and apply
factual knowledge to complex questions as well as to effectively utilize
resources, referred to here simply as Open-Book. This study further seeks to
determine the interrelationships between performance on the two types of
assessments themselves.


The following specific questions are addressed by the present research:
(1) How does performance on formative assessments relate to performance
on summative assessments? (2) What is the relationship between the Open-
Book and Closed-Book components of the assessments? (3) What is the
relationship between performance on the Open-Book vs. Closed-Book
components of the formative assessments and performance on the summative
assessment?


Methods


Seven required and one optional formative assessment, corresponding to
weekly curricular ‘‘themes’’ and consisting of both Open-Book and Closed-
Book components, were delivered on-line over the 8-week curricular block.
Topics covered from the first through eighth weeks are presented in Table I.
All students were required to take the formative assessments for weeks 1–7
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whereas that for week 8 was optional to prevent overloading students
immediately before the summative assessment. The assessment for week 8
was excluded from the analysis as it represented incomplete data. For weeks
1–7, the Closed-Book assessments ranged from 16 to 30 questions (16–50
points), and the Open-Book assessments ranged from 8 to 14 questions (20–
33 points). Scores were calculated as percentages of total points on each part
of the assessment. A summative assessment containing both Closed-Book
and Open-Book components, of 84 and 48 questions, respectively, was
delivered in the ninth week.


Both Closed-Book and Open-Book assessments consisted of multiple-
choice and fill-in-the-blank questions whereas Open-Book assessments
additionally included short-answer questions. Examples of questions asked
on Closed-Book and Open-Book formative and summative assessments are
given in Appendix 1. Assessments were delivered online via the ‘‘ANGEL’’
course management system (http://www.angellearning.com/). Formative
assessments could be taken anytime and place between Friday evening and
Monday morning following the particular week. All multiple-choice and fill-
in-the-blank questions were scored electronically, whereas short-answer


Table I. Block 1 weekly structure and associated assessments


Wk Topic Closed-Book


assessment


Mean±SD %


Open-Book


assessment


Mean±SD %


CB&OB


Mean(±SD) %


1 Genetics and


molecular biology


67.2±11.5 89.7±11.9 78.4


2 Embryology and


signal transduction


78.5±10.3 77.8±16 78.1


3 Surface anatomy


and cell biology


81.7±9.1 74.6±15.3 78.1


4 Neoplasia 77.2±10.5 81.5±14.6 79.3


5 Electrophysiology,


cell homeostasis


and cell injury


80.0±12.6 74.5±15.5 77.2


6 Inflammation 83.0±8.1 83.0±10.1 83.0


7 Immunology 85.2±9.3 86.4±12.0 86.8


8 Pharmacodynamics


and therapeutics


(optional assessment)


Not scored Not scored Not scored


Formative assessments 1–7 79.0±5.8 81.1±7.6 80.1±5.7


9 Final exam (summative) 84.3±7.4 84.0±7.04 84.1±6.1
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questions were scored online by Problem-based Learning session tutors for
the typically eight students in their groups based upon a scoring template
suited to each question. Timing of the Closed-Book component was done
within ANGEL’s quiz-function, and Closed-Book assessments were auto-
matically submitted at the end of the allotted time if they had not been
submitted previously. ANGEL also tracked all online activity within the
course for each student. Feedback on electronically scored questions was
delivered upon completion of the assessment and consisted of correctness of
responses and sometimes a brief explanation for incorrect responses. Feed-
back on the short-answer questions always occurred upon completion of the
assessment, whereas the scores for these types of questions were delivered by
Tuesday noon following the weekend. The summative Open-Book compo-
nent was taken over a 3-day period at any location, while the proctored,
Closed-Book component was taken over a 3-hour period at the medical
school. All 146 students enrolled in the course took all seven required for-
mative assessments and the summative assessment.


Statistical analysis


Analysis was implemented in two successive steps. The first, exploratory step
of data analysis was carried out using SPSS version 12.01 for Windows. The
statistical procedures included the student t-test, to calculate the differences
between the means of the different assessments, and correlation coefficients to
determine the relationships between all observed variables.


In the second step, several models were developed to examine the research
questions posed in this study. The hypothesized models were analyzed and
compared via Structural Equation Modeling (SEM) using the software
package EQS 6.1 (Bentler, 2003). SEM models could reflect causal rela-
tionships between the assessment components and underlying latent con-
structs. These causal processes are represented by the regression equations.
The relationships between the observed variables and their underlying latent
constructs (factors) are defined in terms of weights, the path coefficients. The
hypothesized models can be tested statistically in a simultaneous analysis of
the entire system of variables to determine the extent to which it is consistent
with the data (for a practical guide, see Byrne, 1994). The fit indices provided
by the SEM package were used to determine whether the model adequately
fit the data and are shown at the bottom of each figure. Bentler’s Compar-
ative Fit Index (CFI) compares the fit of the particular model under test with
a model in which none of the variables are related; a CFI of 0.90 or higher
has typically been taken as indicating good fit between the model tested and
the data (a value of 0.95 has been proposed by Hu and Bentler, 1999, but has
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been debated by Marsh et al., 2004). The Standardized Root Mean-Square
Residual (SRMR) represents the average standardized discrepancy between
observed and model-implied relations; a value below 0.08 indicates good fit.
Finally, Steiger’s Root Mean Square Error of Approximation (RMSEA)
adjusts for a model’s complexity. A value below 0.05 indicates proper fit.


Results


How does performance on the formative assessments relate


to performance on the summative assessment?


In order to address the first research question, we initially compared mean
scores of the seven required formative assessments with those of the sum-
mative assessments (see Table I) and found the scores on summative
assessment to be significantly higher, t(145) = 9.11, p<0.001. In addition,
there was a statistically significant correlation between individuals’ mean
scores on formative assessments and summative assessments, r = 0.58,
p<0.001.


In exploring how performance on the formative assessments might be
related to performance on the summative assessment, two alternative struc-
tural models were compared using SEM. The first, a serial model, assumes
that successive contributions of formative assessments (from week 1 to 7)
have led to the increase in summative assessment scores (Figure 1a). For
example, it could be expected that incremental gains would arise from gen-
eral, topic-independent learning such as familiarity with assessment format
and improved use of learning strategies that would yield improved perfor-
mance from one week to the next, despite the change in topics each week.
The second hypothesized model assumes that there are latent variables that
determine achievement on formative assessments (FA factor) and on sum-
mative assessments (SA factor) and that the FA factor positively influences
the SA factor (Figure 1b). For example, one might hypothesize that some
intrinsic characteristic of the students (e.g. motivation, initial knowledge
level) might predict how they will perform on each assessment with very little
change occurring from one week to the next. Clearly, the values of the fit
indices of the first, serial, model indicate no fit whereas those of the second,
latent variable, model indicate a proper fit.


These results suggest that performance on each formative assessment does
not directly influence performance on the subsequent formative assessment
but rather that a latent variable contributes to performance on formative
assessments and summative assessments. This model shows a strong influence
of the FA factor on the SA factor (normalized regression coefficient = 0.91)
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Figure 1. Two hypothesized models for the relationship between formative assessments


and summative assessments. Figure 1a represents a model in which learning on each


formative assessment (FA) contributes to performance on the subsequent assessment


ultimately leading up to performance on the summative assessments (SA). Figure 1b


represents a model in which performance on each formative assessment is independent of


previous assessments but is, instead, determined by a latent factor; performance on the


summative assessment is also determined by a latent factor, and the latent factor for


formative assessment feeds into that for summative assessment. In all figures, normalized


regression coefficients and correlation coefficients are shown as values within the arrows


whereas the values adjacent to dependent variables and factors are normalized values of


variance, R2, and equal the proportion of the variable’s variance that is explained by all of


the variable’s predictors. In this and subsequent figures, the number associated with the


variable label indicates the week in which the formative assessment was given; AV indi-


cates averages, CB refers to Closed-Book, and OB refers to Open-Book assessment scores


in the indicated week. A correlation matrix with the means and standard deviations of all


observed variables is presented in Appendix 2.
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and suggests that improved performance on the summative assessment does
not result simply because of improvement in some ability or knowledge with
successive formative assessments. In such a model, the number of assess-
ments is relatively unimportant, since linear, cumulative effects of formative
assessments are not incorporated.


What is the relationship between the open-book and closed-book


components of the assessments?


There were no statistically significant differences between the mean scores of
the seven Closed- and Open-Book formative assessments or between the
means of the Closed- and Open-Book summative assessment (see Table 1).
The correlations between the Closed-Book and Open-Book components of
the formative assessments and between these components of the summative
assessments were 0.48 (p<0.001) and 0.41 (p<0.001), respectively, indi-
cating a moderate relationship between the average performance on Closed-
Book and Open-Book components of each type of assessment. In order to
explore whether individual latent factors exist that can predict performance
on Closed-Book and Open-Book assessments and to what degree these fac-
tors, themselves, might be correlated, we applied the SEM model which was
the best fit in Figure 1b to each component of the formative assessments. We
then determined the correlation between the Closed-Book and Open-Book
factors. This hypothesized model, as shown in Figure 2, fits the data well.
The individual latent variables (FA-OB factor and FA-CB factor) identified
for both Open-Book and Closed-Book components of formative assessments
as represented in the model predict the scores on the Open-Book and Closed-
Book assessments over weeks 1 through 7 to a moderately high degree, and
the correlation between these two factors is higher than that derived from a
simple correlation analysis which weights all assessments equally.


What is the relationship between the latent factors deduced


for closed-book and open-book formative assessments


and performance on the summative assessment?


Last, we examined the degree to which the Open-Book and Closed-Book
components of the formative assessments were predictive of the Open-Book
and Closed-Book components of the summative assessments, as proposed in
the third research question. Figure 3 shows the relationships between the FA-
OB and FA-CB factors and their individual loadings onto the Open-Book
and Closed-Book components of the summative assessment. This model,
which demonstrates that FA-CB and FA-OB factors predict performance on
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the summative assessment Closed-Book and Open-Book variables, also
appears to fit the data well.


The model reveals that the Closed-Book and Open-Book summa-
tive assessment factors are well predicted by their formative assessment
counterparts. In addition, based upon the relative loadings of FA-OB and
FA-CB factors onto the two components of the summative assessment,
the FA-OB factor has predictive value for both the Open-Book and
Closed-Book components of the summative assessment, whereas the FA-
CB factor appears to predict only the Closed-Book part of the summative
assessment. These results indicate that the Open-Book formative assess-
ments are much better predictors of overall performance on the sum-
mative assessment than are the Closed-Book formative assessments. Since
the Closed-Book summative assessment latent variable has two moder-
ately weighted inputs to it whereas the Open-Book has only one, a larger
percent of the variance of performance on the Closed-Book summative
assessment (50%) is predicted by the two formative assessment factors
than is that of performance on the Open-Book summative assessment
(30%).


Figure 2. Correlation between latent variables ‘‘FA-CB Factor’’ and ‘‘FA-OB Factor’’


predicting Closed-Book and Open-Book formative assessments, respectively.
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Discussion


The present study examined how performance on formative assessments
relates to performance on a subsequent summative assessment and how
performance on timed, Closed-Book assessments aimed at evaluating factual
recall and image recognition (Closed-Book assessments) relates to perfor-
mance on un-timed, Open-Book/resource assessments, designed to evaluate
higher-order processes such as the ability to synthesize and apply factual
knowledge to complex problems and effectively utilize resources in obtaining
necessary information (Open-Book assessments). Structural Equation
Modeling (SEM) allowed us to determine that a model in which latent factors
predicted performance on formative and summative assessments fit the data
well in contrast to an incremental model, in which learning from each for-
mative assessment feeds into the subsequent one and ultimately into the
summative assessment gave a poor fit to the data.


One of the main findings from this study is that different (but correlated)
latent factors appear to underlie achievement on tests designed to assess
factual recall and image recognition than on those designed to assess higher


Figure 3. Relative contributions to Closed-Book and Open-Book summative assessments


by the FA-CB and FA-OB factors for formative assessments.


SALLY KRASNE ET AL.164







order processes. The traits that these latent factors represent remain to be
discovered; however, one might imagine several factors that could underlie
different performance on these two forms of assessment (e.g. memorizing vs.
‘‘deep learning,’’ as designated by Marton and Saljo, 1976; differing degrees
of motivation to access resources and solve the problems presented on
the Open-Book assessment; different levels of anxiety evoked by the two
formats). In trying to understand possible components of these latent factors,
it is necessary to first consider the properties, other than question taxonomy,
that differ between the two types of assessment. There are three such prop-
erties: the format of questions (multiple choice vs. a mixture of short-answer,
multiple choice and fill-in-the-blank); access to materials (Closed-Book vs.
Open-Book/open-web); and degree of time constraint (timed vs. un-timed).


The observed differences are unlikely to derive from the fact that some of
the questions (approximately 25%) in the Open-Book assessments were in
short-answer format. Studies have suggested that students use the same
strategies in studying for and answering multiple-choice questions vs. short-
answer or essay questions on timed, in-class assessments (Smith and Miller,
2005; Tang, 1992;). Other studies have shown that a short-answer vs.
multiple-choice format, per se, does not appear to change the statistical or
psychometric properties of exam performance once ‘‘guessing’’ on multiple-
choice questions is accounted for (see Heck and Stout, 1998, and literature
discussed therein). It is clear that different types of questions lend themselves
to different formats; however, as discussed by Schurwith and Van der Vleuten
(2003), the format of a question is not what determines what is tested by the
question, and thus, it is unlikely that question format, per se, is as important
a consideration as other possible differences between the two types of
assessment.


The second property of the two test formats that differs is access to
materials. The Open-Book assessments not only allowed access to materials
but required such access in order to answer many of the questions. For
example, the students might be asked to find a recently approved therapy
for a particular autoimmune disease and to discuss its site(s) of action; so
one set of abilities being examined in the Open-Book assessments was
knowledge of which resources are most appropriate to locate different sorts
of information and how to access and extract information from these
resources. In our study, we did not find significant differences in the
average performance on Closed-Book and Open-Book assessments so it is
likely that the ‘‘level of difficulty’’ of the two types of assessment were
comparable. However, studies have suggested that the Open-Book format
reduces examination tension and stress and leads to lasting learning out-
comes (Feldhusen, 1961; Jehu et al., 1970); Michaels and Kieran, 1973;
Weber et al., 1983)
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In terms of the third property, differing time constraints between the
two forms of assessment, differences in strategy for multiple-choice tests vs.
essays have been reported if the latter were done as ‘‘take-home’’ assign-
ments, suggesting that the timed nature of an assessment may be an
important variable (see Scouller, 1998). Because the Open-Book assess-
ments in the present study were un-timed and taken at home, yet consisted
primarily of multiple choice questions, it is not clear whether or not stu-
dents utilized the same strategies as for in-class examinations. However, it
is also worth considering that students might have used different strategies
in approaching the two types of assessments because of the differences in
types of information examined: factual recall and image recognition in
Closed-Book assessments and abilities such as interrelating basic knowl-
edge, applying basic information to more complex situations, accessing
appropriate resources, and drawing conclusions from information, in the
case of Open-Book assessments. Recently, Smith and Miller (2005) found
that assessment ‘‘type’’ (multiple choice vs. essay questions) on timed, in
class tests had no significant influence on how students approached their
learning whereas the particular discipline did, for both assessment types. In
the present study, it is possible that the types of tasks required by Open-
Book, un-timed assessments require different strategies than Closed-Book,
timed ones, especially since we used the two different formats to assess
different types of knowledge and abilities.


A particularly important observation from the present study was that the
latent variable underlying performance on Open-Book formative assessments
appears to be more predictive of overall achievement on the summative
assessments than does the latent variable underlying performance on Closed-
Book formative assessments. It is interesting to consider why the Open-Book
formative assessments would be much better at predicting outcome on the
summative assessment than the Closed-Book formative assessments. One
explanation might lie in the observations of Gay (1980) who compared the
final exam scores on a selection of both short-answer and multiple-choice
questions in an Introductory Educational Research course as a function of
whether students took interim exams in short-answer or multiple-choice
format. Although she observed no differences in performance on the interim
exams as a function of format, she found that short-answer items appeared to
lead to greater retention than multiple-choice items covering identical
material. Thus something in the act of generating and writing the answer to a
short-answer question compared to choosing among answers in multiple-
choice questions may enhance retention of the material. The additional
feature of the Open-Book format, allowing students to access knowledge not
yet in their ready memory, may have provided additional reinforcement of
their store of factual knowledge which could be carried forward to the
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summative assessment as well. By contrast, no similar effect of the Closed-
Book formative assessment on higher-order processes would seem likely.


The differential effects of the Closed-Book and Open-Book formative
assessments in loading onto the summative assessments suggests that
including a component of Open-Book/resource, un-timed assessment might
provide added value over a strictly Closed-Book, timed format. Certainly,
when doctors analyze cases, they need not restrict themselves solely to their
ability to recall information, and as the knowledge base expands, doctors are
becoming increasingly reliant on their abilities to efficiently and effectively
utilize resources. Thus, a component of assessment aimed at accessing and
applying knowledge would also promote an increased mastery of these skills.


As an initial attempt to unravel the interrelationships between assessments
and performance, this study generates several questions for future research.
To the extent that the assessments, themselves, test a range of intellectual
modalities from visual and verbal memory to problem-solving to accessing
literature, it seems unlikely that the latent variables represent single, identi-
fiable constructs. Nothing in the present research can elucidate the degree to
which aptitude, motivation, anxiety, or other qualities are embodied in the
latent variables, FA factor and SA factor. Of particular interest, therefore,
would be to identify cognitive and non-cognitive factors that influence per-
formance on formative-assessments and the processes that contribute to
improved performance on summative assessment.


From a long-term standpoint, understanding how formative assessments
affect learning strategies would be of interest, as well as their predictive
validity for performance on medical licensing exams or other high stakes
summative assessments. Long-term retention resulting from Open-Book vs.
Closed-Book assessments would shed light on the stability of positive effects
of Open-Book assessments revealed in this study. Finally, the present study
was conducted in the context of an integrated curriculum with beginning
medical students, using unique content for each week. More varied instruc-
tional contexts and content in the study of formative assessments would help
establish generalizable findings to guide practice.
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Appendix 1


Examples of questions on Closed-Book and Open-Book formative assess-
ments


Closed-Book (Week 2): Embryology and Signal Transduction


While doing an ob/gyn residency, you deliver a pair of twins. You notice that they share a


common placenta and chorionic sac but have separate amnionic cavities. What is the most


likely origin of their twinning?


A. These are dizygotic twins


B. These are monozygotic twins that split at the two-cell stage.


C. These are monozygotic twins formed from splitting of the inner cell mass early in


development.


D. These are monozygotic twins formed from splitting of the inner cell mass at a late


stage of development


Open-Book (Week 2)


Another group studying this syndrome [spontaneous ovarian hyperstimulation syndrome]


identified a mutation in the FSHr designated D567N. RFLP analysis was performed


on a PCR amplified portion of exon 10, comparing an affected individual with


an unaffected person. Details of this assay are as follows, and the results are shown


in the figure below. PCR was used for specific amplification of a 530-bp segment of exon


10 of the follicle-stimulating hormone receptor centered on the mutation. Tsp45I cleaves


twice the 530-bp PCR product obtained from the DNA of control subjects, generating


one fragment of 290 bp and two fragments of 120 bp each (lane 1). The D567N mutation


destroys the second Tsp45I restriction site, thus generating a mutation-specific band


at 240 bp.
Based upon the RFLP pattern in lane 2 for the affected individual, is the


mutation dominant or recessive? Justify your answer. (Not more than


2 sentences)


If the odds of carrying this mutation on both alleles are 1/1,000,000 in


the population, what are the odds of being heterozygous for the


mutation?


A. 1/50


B. 1/100


C. 1/250


D. 1/500


E. 1/1000
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Abstract
Background: Online formative assessments have a sound theoretical basis, and are prevalent and
popular in higher education settings, but data to establish their educational benefits are lacking. This
study attempts to determine whether participation and performance in integrated online formative
assessments in the biomedical sciences has measurable effects on learning by junior medical
students.


Methods: Students enrolled in Phase 1 (Years 1 and 2) of an undergraduate Medicine program
were studied over two consecutive years, 2006 and 2007. In seven consecutive courses, end-of-
course (EOC) summative examination marks were analysed with respect to the effect of
participation and performance in voluntary online formative assessments. Online evaluation
surveys were utilized to gather students' perceptions regarding online formative assessments.


Results: Students rated online assessments highly on all measures. Participation in formative
assessments had a statistically significant positive relationship with EOC marks in all courses. The
mean difference in EOC marks for those who participated in formative assessments ranged from
6.3% (95% confidence intervals 1.6 to 11.0; p = 0.009) in Course 5 to 3.2% (0.2 to 6.2; p = 0.037)
in Course 2. For all courses, performance in formative assessments correlated significantly with
EOC marks (p < 0.001 for each course). The variance in EOC marks that could be explained by
performance in the formative assessments ranged from 21.8% in Course 6 to 4.1% in Course 7.


Conclusion: The results support the contention that well designed formative assessments can
have significant positive effects on learning. There is untapped potential for use of formative
assessments to assist learning by medical students and postgraduate medical trainees.


Background
Assessment has sufficiently powerful effects on learning to
be the de facto curriculum [1]. This includes not only what
is learnt, but also students' approaches to learning [2-4].
Formative assessments are designed for the purpose of


giving feedback on performance and suggestions for
improvement, and are intended to promote students'
learning [5,6]. Formative assessments that provide timely,
relevant and supportive feedback (not just grades) can
contribute to improved learning outcomes [7]. In con-
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trast, summative assessments are predominantly utilized
for grading and certification at the end of a period of
study, often without providing feedback to students on
their performance. Indeed, one of the major weaknesses
of most modern higher education programs, as evidenced
by course evaluation surveys, is failure to provide ade-
quate feedback to students on their learning [8]. It should
be noted that the provision of diagnostic and remedial
feedback has been found to be one of the most potent
influences on student achievement [9]. If the purpose of
assessment is to foster better learning outcomes, it could
be argued that formative assessment is the most impor-
tant assessment practice [10].


Paper-based formative assessments have a number of lim-
itations [11]: students must be gathered together and
invigilated; individualized feedback is time-consuming,
and might not be feasible with large class sizes [12]; and
analysis of question reliability and validity can be tedious.
In contrast, Web-based formative assessments offer clear
advantages for students: immediacy of feedback; flexibil-
ity in time and place of undertaking the assessment; feed-
back can provide links to learning resources, thereby
providing motivation to study; opportunity for repetition;
and interactivity [11]. Furthermore, a comparative study
has reported that online formative assessments might be
of greater benefit for learning than paper-based equiva-
lents [13]. These are persuasive arguments for moving
from paper-based to online formative assessments.


Web-based formative assessments also support equity and
inclusiveness by allowing students to attempt each assess-
ment anonymously on multiple occasions, at any time,
and from virtually anywhere. This permits students with
family responsibilities and work commitments to access
the assessments at times that are most convenient for
them. Many students, particularly those from culturally
and linguistically diverse backgrounds, fear embarrass-
ment if found to be in error, which might inhibit their
propensity to clarify misconceptions directly with a mem-
ber of academic staff. Online formative assessments pro-
vide a safe environment, where trial and error is
permitted.


Although online formative assessments such as quizzes
and practice examinations are becoming increasingly
common in higher education, there is little formal evi-
dence of their educational effectiveness and available data
are both contradictory and inconclusive [12]. Neverthe-
less, such assessments have proved to be popular with pre-
clinical medical students [11,14], medical students in
clinical attachments [15], students of dentistry [16,17], as
well as medical specialist trainees [18]. Thus in modern
self-directed medical curricula, formative assessments
may be perceived as "a safety net in a self-directed learning


course" [5]. However, the potential of these assessments
to assist learning by postgraduate trainees has not yet been
fully exploited.


We evaluated the impact of online formative assessments
on learning by the cohort of students enrolled in the ini-
tial 2 years of our undergraduate Medicine program [19]
in 2006 and 2007. This employs vertically integrated sce-
nario-based learning for first and second year students
during Phase 1, which is comprised of a sequence of nine
8-week courses. Following an introductory Foundations
course, these are based on domains related to the life
cycle: Beginnings Growth and Development; Health
Maintenance; Ageing and Endings; as well as Society and
Health. All courses are interdisciplinary: biomedical sci-
ences are integrated with one another; with the social and
psychological sciences; and with early clinical experience.
Learning is assessed in cross-disciplinary end of course
(EOC) written and practical examinations, which are
aligned with desired graduate capabilities and support
integrated learning [20]. For the purposes of this study,
courses in 2006 and 2007 (excluding Foundations, which
has no summative assessment) were numbered 1 to 7 in
chronological order.


Methods
Design and implementation of formative assessments
One of the authors (GMV) developed integrated forma-
tive assessments in the biomedical sciences with auto-
mated individualized feedback, which were embedded in
each of the sequential 8-week courses in the Medicine pro-
gram, to facilitate take-up by students [21]. There was one
formative assessment per course, which was intended to
cover material presented throughout that course. Each
assessment was made continuously available from week 5
or 6 until the EOC examination in Week 8. The formative
assessments were based on clinical scenarios familiar to
the students, providing an authentic context for learning,
as well as emphasising the curriculum goals of integration
between the biomedical sciences and integration of the
biomedical with the clinical, social and behavioural sci-
ences. All assessments were peer-reviewed by subject mat-
ter experts. The frequent use of image-based questions
(Figures 1 and 2) was intended to increase the level of
engagement and interactivity for students.


The software tool employed was Questionmark Percep-
tion™ (Questionmark, UK). This system is particularly
easy to use for developing a wide variety of question types,
including drag-and-drop; extended matching (selection
and matrix questions); true/false; multiple choice
(MCQs); multiple response; as well as text match and
short-answer or essay questions. It also provides the
capacity to add high-quality graphics, audio or other mul-
timedia to questions and/or feedback. In order to maxi-
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mize the impact of formative assessments on learning by
students, a mix of short answer questions and objective
items (primarily MCQs) was employed. This approxi-
mates the format of the EOC summative examinations
[5], which consist of a combination of four short-answer
questions and two blocks of objective items (MCQs), one
of which addresses the practical component of the course.
However, no questions from the formative assessments
were included in the EOC examinations.


Access to the formative assessments was provided via
secure links from the university's eLearning website and
was made continuously available for several weeks
through to the EOC summative examination. Students
were able to repeat each formative assessment on multiple
occasions if they wished.


Data collection and statistical analysis
Our study was approved by the Human Research Ethics
Committee of The University of New South Wales. Con-
sent for participation in the feedback component of the
study was implied by response to the anonymous online
survey. Students completed online formative assessments


and EOC examinations as part of their learning in Phase 1
of the Medicine program. Correlations between participa-
tion and performance in online formative assessments
and end of course exams were performed in retrospect.
The academic standing of students was not influenced by
this study, and students' identities were masked from the
investigators in adherence with ethical principles. There-
fore, consent was not sought from students.


Participation and performance statistics were gathered via
web-based reports from the Questionmark Perception™
results database. Performance in formative assessments
was analysed according to each student's best attempt at
the assessment. The relationship between these data and
EOC marks in seven consecutive Phase 1 courses in 2006
and 2007 was analysed using Student's t-tests, ANOVA
and Bonferroni multiple comparisons as appropriate.
Regression analyses were used to estimate the component
of variation in EOC marks that could be explained by per-
formance in formative assessments. Students who com-
menced the program in 2004 (n = 8) who were enrolled
in Phase 1 in 2006 and for whom data was available, were
included in the overall evaluation, but were excluded


Screenshot of scenario-based extended matching questionsFigure 1
Screenshot of scenario-based extended matching questions. Figure 1 shows the use of extended matching questions 
employing drop-down lists of alternative answers to test the interpretation of diagnostic investigations, as well as correlation 
with anatomical and pathological concepts underlying coronary artery disease.
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from the stratified analysis, which focussed on students
commencing in 2005 (n = 234), 2006 (n = 235) and 2007
(n = 272).


Student perceptions of the value of online formative
assessments were sought via online surveys at the conclu-
sion of the final course in each year, using Likert scales
and free-text comments. Comparisons of survey responses
between years were performed using a Mann-Whitney U
test.


Results
Participation and performance
Online formative assessments with automated individual-
ized feedback have proved to be very popular with stu-
dents – the participation rate for these voluntary
assessments has, on average, been greater than 75% in all
courses to date. Many students attempted the assessments
on multiple occasions, until they achieved mastery of the
material. For example, in Course 5 in 2007, of the 466 stu-
dents who undertook the formative assessment, 233
(50%) made more than one attempt. The mean time stu-
dents took to complete the formative assessment in each
course was 32 ± 5 minutes (range 16 to 50 minutes).


Participation in formative assessments had a statistically
significant positive relationship with EOC exam marks in
all courses (Table 1). The mean difference in EOC exami-
nation marks for those who participated in formative
assessments ranged from 6.3% (95% confidence intervals
1.6 to 11.0; p = 0.009) in Course 5 to 3.2% (0.2 to 6.2; p
= 0.037) in Course 2 (Table 1). Interestingly, although any
attempt at the formative assessments had a positive asso-
ciation with EOC examination marks, we found that
repeated attempts at each formative assessment added lit-
tle benefit (Table 2).


For all courses, performance in formative assessments had
significant but moderate correlations with EOC examina-
tion marks (p < 0.001). The variance in EOC examination
marks that could be explained by marks in the formative
assessments ranged from 21.8% in Course 6 to 4.1% in
Course 7 (Table 3).


Perceptions
Student response rates for annual online evaluation sur-
veys from 2005–2007 were 52.1%, 51.5% and 48.5% (n
= 237, 238 and 246) respectively. Our response rates
(which are underestimates, because they are calculated


Screenshot of drag-and-drop questionFigure 2
Screenshot of drag-and-drop question. Figure 2 shows the use of multiple "hot spots", employing drag and drop markers 
in an image map to test integrated understanding of Anatomy and Pathology in the context of coronary artery disease.
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based on the entire cohort, rather than the number of stu-
dents who completed the online formative assessment
from which the survey was linked) are substantially
higher than usually achieved in online course evaluation
surveys, and approach those for paper-based surveys [22].
Data from student evaluations (Figures 3 and 4) demon-
strated that as well as being challenging and enjoyable,
the formative assessments were highly valued by students,
both as a means of gaining feedback on learning and in
planning their future study. From 2005 to 2007, there
have been significant changes in students' positive percep-
tions of online formative assessments. In 2007, these
included significantly higher scores for their utility as a
guide to study for the end of course examinations (p <
0.001), as well as their overall value as a learning tool (p
< 0.005). Improvements implemented as a consequence
of student feedback obtained in 2005 and 2006 are likely
to have led to increased positive perceptions by students.
Examples of such improvements include: elimination of
negative marking for incorrect responses; addition of


more short-answer questions (similar to the format of
EOC examinations) with suggested marking schemes
included in the feedback; whenever possible, making
formative assessments available earlier in each course to
help guide students' study.


Open-ended feedback comments by students in 2007 pro-
vided evidence that the formative assessments were
achieving their aims. Relevant examples included asser-
tions that each assessment "provides an opportunity to
correct misconceptions and actually learn/relearn con-
cepts." and that there "is integration of a variety of con-
cepts learnt throughout the course", which "gives good
insight into students' current performance and areas of
potential improvement which can be addressed for the
actual exam."


Year 1 vs. Year 2 students in vertically integrated courses
In order to determine whether students benefited more
from formative assessments in our vertically integrated


Table 1: All students enrolled in Phase 1 in 2006 and 2007 – Effect of participation in online formative assessments on End of Course 
examination marks


End of Course Examination Marks


Course ≥ 1 attempt N % Mean Mean difference (95% CI) T-Score P value


1 No 99 21.1 60.8 6.0 (3.2, 8.8) 4.2 < .001


Yes 370 78.9 66.8


2 No 62 13.4 62.8 3.2 (0.2, 6.2) 2.1 0.037


Yes 400 86.6 66.0


3 No 70 15.5 66.0 3.5 (1.2, 5.8) 3.0 0.003


Yes 392 84.5 69.5


4 No 90 19.7 59.0 5.5 (3.3, 7.8) 4.3 < .001


Yes 367 80.3 64.5


5 No 44 8.6 59.4 6.3 (1.6, 11.0) 2.7 0.009


Yes 466 91.4 65.7


6 No 71 14.0 59.6 5.3 (2.4, 8.2) 3.6 < .001


Yes 436 86.0 64.9


7 No 122 24.4 61.5 3.6 (1.8, 5.4) 3.9 < .001


Yes 377 75.6 65.1


Statistical comparisons of End of Course examination marks between students who had attempted the online formative assessment in each course 
and those who had not were performed by Student's t-tests.
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medical program during their first or second year, the
analysis was stratified according to year of commence-
ment (Table 4). We found no consistent association
between the length of time students had been enrolled in
the program and the impact on learning of participation


in formative assessments. However, there was a tendency
for students in the first year of their program to derive
greater benefit from participating in formative assess-
ments. For students who commenced in 2006, EOC exam-
ination marks were significantly influenced by attempting


Table 2: All students enrolled in Phase 1 in 2006 and 2007 – Relationship between single and multiple attempts at online formative 
assessments and End of Course examination marks


End of Course Examination Marks


ANOVA Multiple comparison


Course Attempts N Mean F-score P value Mean difference (95% CI) P value


1 0 99 60.8 13.3 < 0.001 0 VS 1 6.1 (3.2, 9.0) < 0.001


1 262 66.9 0 VS ≥ 2 5.6 (2.2, 9.1) < 0.001


≥ 2 108 66.4 1 VS ≥ 2 -.5 (-3.3, 2.3) 1.000


2 0 62 62.8 2.2 0.112 0 VS 1 3.1 (-.8, 6.9) 0.166


1 236 65.8 0 VS ≥ 2 3.3 (-.7, 7.4) 0.136


≥ 2 164 66.1 1 VS ≥ 2 .3 (-2.5, 3.0) 1.000


3 0 70 66.0 4.8 0.009 0 VS 1 3.1 (.1, 6.1) 0.037


1 227 69.1 0 VS ≥ 2 4.0 (.9, 7.1) 0.007


≥ 2 165 70.0 1 VS ≥ 2 .9 (-1.4, 3.1) 1.000


4 0 90 59.0 14.1 < 0.001 0 VS 1 4.5 (1.6, 7.5) 0.001


1 202 63.5 0 VS ≥ 2 6.7 (3.6, 9.7) 0.000


≥ 2 165 65.6 1 VS ≥ 2 2.1 (-.3, 4.5) 0.111


5 0 44 59.4 9.1 < 0.001 0 VS 1 7.3 (3.1, 11.6) < .001


1 233 66.8 0 VS ≥ 2 5.3 (1.0, 9.5) 0.009


≥ 2 233 64.7 1 VS ≥ 2 -2.1 (-4.5, .3) 0.112


6 0 71 59.6 6.5 0.002 0 VS 1 5.0 (1.2, 8.7) 0.005


1 246 64.6 0 VS ≥ 2 5.7 (1.8, 9.6) 0.001


≥ 2 190 65.3 1 VS ≥ 2 .7 (-2.0, 3.4) 1.000


7 0 122 61.5 7.8 < 0.001 0 VS 1 3.7 (1.4, 6.0) 0.000


1 290 65.2 0 VS ≥ 2 3.0 (.1, 6.0) 0.044


≥ 2 87 64.5 1 VS ≥ 2 .7 (-.3, 1.9) 1.000


Statistical analysis to determine whether a relationship existed between the number of attempts at online formative assessments in each course and 
End of Course examination marks was performed by ANOVA, with post-hoc testing by Bonferroni multiple comparisons.
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formative assessments only in their first two courses:
Course 1 (mean difference 6.9%; 95% confidence inter-
vals 2.1–11.6; p = 0.006); and Course 2 (6.3%; 1.4–11.1;
p = 0.011). Similarly, for students who commenced in
2007, participation in formative assessments significantly
influenced EOC examination marks in two out of their
first three courses: Course 5 (12.3%; 7.6–17.0; p < 0.001);
and Course 7 (4.5%; 2.1–7.0; p < 0.001). It is not clear
why first year students in 2007 derived less benefit than
second year students from attempting the formative
assessment for Course 2. It is plausible that this discrep-
ancy might be explained by the difficulty of the course
content, which resulted in an unusually high failure rate,
predominantly affecting first year students.


The statistically significant relationship between perform-
ance in formative assessments and marks in EOC exami-
nations was maintained regardless of year of
commencement in the program (data not shown).


Discussion
Our data indicate that the online formative assessments in
Phase 1 of our undergraduate Medicine program have
been effective in promoting learning by students. Students
who participated in formative assessments were likely to
achieve higher marks in EOC examinations. Better per-
formance in each of the formative assessments was also
consistently associated with higher marks in the respective
EOC examinations. There was a trend, although not con-
sistent across all courses, for first year students to derive
greater benefit from the formative assessments at the com-
mencement of their program, consistent with the notion


that such assessments provide a "safety net" for novices in
student-centred learning [5].


We believe this report provides much-needed evidence of
a quantifiable effect of online formative assessments on
learning. Our findings are in contrast to two recent studies
in related settings. The first study demonstrated the value
of online formative quizzes in improving preparation and
participation in classes [23], but reported no effect on
summative examination results. The second study was a
randomized control trial of online formative assessments
for medical students in clinical clerkships, which found
no positive effect on learning [24]. It should be noted that
the latter investigation, in contrast to our study, failed to
gain significant numbers of participating students.


Our findings also contrast with reports suggesting that
online formative assessments utilising objective items
such as multiple choice questions have no effect on stu-
dent learning outcomes [23,25], or even a negative effect
on learning [26]. The authors of the latter study asserted
that multiple choice questions may be unsuitable for
formative assessments, because the "lures" or distractors
create "false knowledge" [26]. However, these adverse
findings were based on the use of multiple choice ques-
tions without feedback. In that context, it is not surprising
that incorrect answers could be "learned".


Importantly, our results substantially extend the observa-
tions of Krasne et al [14], who found that untimed "open-
book" formative assessments were good predictors of per-
formance in a summative examination, possibly related to
factors such as the reduced pressure compared to a con-
ventional examination format and an emphasis on assess-
ment of higher order learning (e.g. application,
evaluation, self-direction). Although our formative assess-
ments employed multiple choice questions (as well as
short-answer questions), they were in many respects sim-
ilar in character to the "open-book" assessments described
by Krasne and colleagues [14]. Unlike those assessments,
however, ours were integrated across disciplines, broader
in their scope, available for a longer period of time, and
embedded throughout a program of study. These factors
are likely to have increased their efficacy. Furthermore,
recent data on the application of test-enhanced learning
in higher education [27] validates our use of a combina-
tion of short-answer questions and multiple choice ques-
tions with immediate feedback in promoting retention of
knowledge.


Student perceptions of the formative assessments were
uniformly favourable, with consistent and increasingly
positive evaluations in online feedback surveys. Corre-
spondingly, there were high participation and repetition
rates in the online assessments for each course. The fact


Table 3: All students enrolled in Phase 1 in 2006 and 2007 – 
Correlation between formative online assessment score and 
EOC examination mark


Course R R2 B (95% CI) P value


1 .35 .12 .18 (.12, .25) < .001


2 .37 .14 .28 (.19, .37) < .001


3 .42 .18 .23 (.17, .30) < .001


4 .32 .10 .18 (.10, .26) < .001


5 .22 .05 .12 (.07, .17) < .001


6 .47 .22 .29 (.24, .34) < .001


7 .20 .04 .10 (.05, .15) < .001


Statistical analysis of the relationship between performance in the 
online formative assessment and EOC examination mark in each 
course was performed using Pearson's correlation and regression 
analysis.

Page 7 of 11
(page number not for citation purposes)







BMC Medical Education 2008, 8:52 http://www.biomedcentral.com/1472-6920/8/52

that students on average completed the formative assess-
ment within each course in less than one hour might have
contributed to the popularity of the assessments, because
they were perceived as an efficient means of study for
time-poor students.


Our systematic approach to the design, development,
implementation and continual improvement of online
formative assessments is likely to have played a role in stu-
dents' perceptions of the assessments, as well as their pos-
itive effect on student learning. For example, as part of a
continuous improvement cycle, all items used in forma-
tive assessments were analysed with regard to difficulty,
discrimination co-efficient and correlation with overall
assessment outcome. Those that correlated poorly were
edited or eliminated from the next cycle, while concepts
that proved difficult for students to comprehend were
flagged for course conveners.


A limitation of our study is that it is not possible to con-
clude whether there is a causal relationship between par-
ticipation and/or performance in online formative
assessments and EOC examination marks. It might be that
"better" students, who were more highly motivated, were


more likely to undertake the formative assessments
[12,16]. In our study, multiple attempts at each formative
assessment were not associated with higher EOC exami-
nation marks. This might suggest that EOC examination
performance was primarily influenced by the inherent
properties of the students, rather than the salient effects of
formative assessment with feedback. Nevertheless,
although one reported study has demonstrated no rela-
tionship between the effect of online formative assess-
ments and overall student performance in a program as
measured by grade point average [16], the design of our
study cannot exclude such a relationship. Proving a causal
relationship would require a design in which students
were randomly assigned to a "control group" within a
cohort. This would be inequitable, because a group of stu-
dents would be deprived of the opportunity to undertake
formative assessments during the trial period [12].


Implications for practice and future research
The results of our study reinforce the impact on learning
of well-designed online formative assessments. The highly
computer-literate students to whom these assessments
were targeted, a population for which web delivery of
learning materials and resources is now the default,


Student evaluation of online formative assessments in 2007Figure 3
Student evaluation of online formative assessments in 2007. The data shown in Figure 3 are based on an online survey 
with 246 respondents out of 507 students who could potentially have accessed the survey (response rate 48.5%).
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expressed a very high level of satisfaction. This could in
part be related to the graphically intensive approach we
used, particularly in visual disciplines such as Anatomy
and Pathology. It is likely that this could not be matched
by any other mode of delivery. We have evidence from
feedback surveys that students pursued further reading
and investigated linked resources, so the purpose of pro-
voking further thought about the topics clearly was
served.


Thus, while the effort and expense involved in this enter-
prise has been considerable, this investment is clearly jus-
tifiable because the assessments had a high take-up rate
and evidently contributed to better learning outcomes for
students.


These findings have important implications not only for
education of junior medical students but also for contin-
uing education of senior medical students in clinical
attachments [15] and especially of junior doctors and spe-
cialist trainees. The latter two groups, who are notoriously


time-poor, might be attracted to well-packaged formative
assessments which they could undertake at their conven-
ience. They might derive considerable benefit from non-
threatening feedback on their knowledge and clinical
decision-making.


From a research perspective, a question that remains of
interest to us is whether the learning benefits of online
formative assessments for junior medical students, which
we have demonstrated, persist into senior years of medical
programs, particularly with respect to understanding of
the biomedical sciences. It would also be of interest to
determine whether our formative assessments could have
diagnostic value, i.e. are those students who perform
poorly in formative assessments at their first attempt more
likely to fail EOC examinations?


Conclusion
The results of this study support the contention that well
designed formative assessments can have significant posi-
tive effects on learning. There is considerable untapped


Comparison of student evaluations of online formative assessments over timeFigure 4
Comparison of student evaluations of online formative assessments over time. Figure 4 shows student evaluations 
of online formative assessments from 2005–2007. Response rates were 52.1%, 51.5% and 48.5% (n = 237, 238 and 246) respec-
tively, based on online surveys. Statistical analysis by Mann-Whitney U tests: # = p < 0.005 compared with 2005 cohort; ## = 
p < 0.001 compared with 2005 cohort; * = p < 0.005 compared with 2006 cohort; ** = p < 0.001 compared with 2006 cohort.
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Table 4: Analysis of effect of participation in online formative assessments in 2006 and 2007 by year commenced in program


End of Course Examination Marks


Course Year students commenced in program ≥ 1 attempt N Mean Mean difference (95% CI) T-Score P value


1 2005 No 63 63.8 6.9 (3.6, 10.2) 4.2 < .001


Yes 170 70.7


2006 No 34 56.6 6.9 (2.1, 11.6) 2.9 .006


Yes 200 63.4


2 2005 No 41 65.3 3.0 (-.7, 6.7) 1.6 0.114


Yes 188 68.3


2006 No 21 57.8 6.3 (1.4, 11.1) 2.5 .011


Yes 210 64.0


3 2005 No 44 67.0 4.5 (1.4, 7.5) 2.9 0.004


Yes 185 71.5


2006 No 25 64.9 2.9 (-.7, 6.4) 1.6 .110


Yes 206 67.8


4 2005 No 34 56.7 9.0 (5.6, 12.4) 5.1 < .001


Yes 194 65.7


2006 No 55 60.6 2.5 (-.9, 5.9) 1.5 .148


Yes 173 63.1


5 2006 No 23 68.4 2.1 (-1.5, 5.7) 1.2 .242


Yes 205 70.6


2007 No 21 49.5 12.3 (7.6, 17.0) 5.1 < .001


Yes 248 61.9


6 2006 No 35 60.6 7.5 (3.5, 11.4) 3.7 < .001


Yes 194 68.1


2007 No 35 59.4 3.4 (-.7, 7.5) 1.6 .107


Yes 228 62.8


7 2006 No 56 65.1 2.1 (-.4, 4.6) 1.6 .102


Yes 172 67.2
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potential for use of formative assessments to assist learn-
ing by medical students and postgraduate medical train-
ees.
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Purpose: Spaced education is a novel form of online education that harnesses the
2 psychology research findings of spacing and testing effects. Spaced education is
delivered by daily emails containing clinically relevant multiple choice questions.
To take advantage of the spacing effect the questions are repeated at fixed
intervals for a fixed number of repetitions. An adaptive spaced education system
was developed to customize spacing intervals and the number of repetitions
based on learner knowledge level. To determine whether this system improves
learning efficiency I performed a randomized trial to compare the learning
efficiency of adaptive vs nonadaptive spaced education systems among surgery
students at 2 medical schools.
Materials and Methods: A total of 62 year 3 students were randomized to
identical course content in adaptive or nonadaptive spaced education formats.
The course consisted of 40 validated, spaced education items on the 4 urology
topics benign prostatic hyperplasia, erectile dysfunction, prostate cancer and
prostate specific antigen screening. The nonadaptive cohort received daily emails
containing 2 questions with a linear review of the material 20 days after initial
presentation. The adaptive cohort received daily emails via an adaptive algo-
rithm that limited the repetition of mastered content. Each cohort completed a
validated end of course test.
Results: The adaptive cohort answered significantly fewer spaced education
items than the nonadaptive cohort (p � 0.001) but achieved comparable end of
course test scores (p � 0.37). The adaptive algorithm increased learning efficiency
by 38%.
Conclusions: Adaptive spaced education boosts learning efficiency.


Key Words: urology, medical education, educational technology


learning, algorithms
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SPACED education is a novel form of
online education based on the 2 core
psychology research findings of spac-
ing and testing effects. The spacing
effect refers to the finding that educa-
tional encounters repeated at spaced
intervals increase knowledge acqui-
sition and retention compared to bo-
lus (massed) presentation of the
same material.1 Recent research indi-


cates a distinct neurophysiological basis
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for this effect.2 The testing effect refers
to the finding that the process of testing
does not merely measure knowledge
but alters the learning process to sig-
nificantly improve knowledge reten-
tion.3,4 To date in randomized trials
spaced education has improved knowl-
edge acquisition,5 boosted knowledge
retention,6 improved student ability to
self-assess performance7 and changed
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Spaced education is currently delivered via daily
emails containing 1 or more spaced education items.
Each spaced education item consists of an evalua-
tive component (a clinically relevant multiple choice
question) and an educational component (the correct
answer and a detailed explanation of the answer).
Upon submitting an answer to a question online the
answer is recorded in a central server and the
learner immediately receives the educational com-
ponent. To harness the educational benefits of the
spacing effect the spaced education item is repeated
a fixed number of times (usually 2 to 3) at 1 to
12-week intervals. This fixed repetition of content is
well accepted by learners but it does not optimize
learning efficiency (knowledge increase per item an-
swered) in students with differing expertise levels.
For any course using this nonadaptive system, ex-
pert learners must repeat the identical content as
novice learners.


A new adaptive spaced education system was re-
cently developed at HMS that accommodates differ-
ences in baseline knowledge among learners. This
system tailors the number of repetitions of content
based on learner submitted answers. Theoretically
this adaptive system should improve learning effi-
ciency by decreasing content repetition after learn-
ers show mastery of the material. To determine
whether the adaptive system improves learning ef-
ficiency I performed a randomized trial comparing
the learning efficiency of the adaptive vs nonadap-
tive spaced education systems among surgery stu-
dents at 2 medical schools.


MATERIALS AND METHODS


Study Participants
A total of 62 year 3 students at Boston University School
of Medicine and HMS in the 3-month surgery clerkships
from April to June 2008 were asked via e-mail to complete
a urology online education program. There were no study
exclusion criteria. Participants were free to withhold their
data from the research data set. Faculty members were
blinded to cohort assignments. Institutional review board
approval was obtained for the protocol.


Development of Spaced Education Items and End


of Course Test
Spaced education item and test question content was
based on a validated urology curriculum focusing on the 4


Cohort 2 


Cohort 1 Adaptive Spaced Edu


NoNon-Adaptive: Cycle 1 


Weeks 2-4 

Structure of randomize

core urology topics benign prostatic hyperplasia, erectile
dysfunction, prostate cancer and prostate specific antigen
screening.9 Each item contained an evaluative component
(a multiple choice question) and an educational compo-
nent (the correct answer and explanations of the correct/
incorrect answers). Ten spaced education items were se-
lected per area from a set of previously validated items
with demonstrated educational efficacy.10 A previously
validated 28-question multiple choice test on the 4 topics
was used that has a Cronbach � reliability of 0.76.11 The
test was administered on line via the HMS MyCourses
course management system. While focused on the same
urology curriculum, the spaced education items and the
test questions were constructed with differing question
stems and distracters so that each varied substantially
from one another.


Study Design
This randomized, controlled trial was done during the 11
to 12-week surgical clerkship. Students were stratified by
clinical site and block randomized (block size 4) to 1 of 2
cohorts. Cohort 1 (33 students) received adaptive spaced
education and cohort 2 (29) received nonadaptive spaced
education (see figure). Delivered education material was
identical in each cohort.


The 40-item adaptive spaced education course was
structured so that students were sent 2 items (questions/
explanations) daily. If an item was answered incorrectly,
it was repeated 7 days later. If an item was not answered
within 7 days of arrival, it was marked as answered in-
correctly and cycled back to the student. If an item was
answered correctly, it was retired and not repeated. On
any day new items would only be sent if no repetition of
prior items was scheduled for that day. The adaptive
course was completed after all 40 items were retired.
Thus, course duration varied based on student baseline
knowledge and ability to learn from the course (see figure).


The 40-item nonadaptive (fixed repetition) spaced edu-
cation course was structured so that students were sent 2
items daily. Each item was repeated 20 days later whether
or not the student answered the item correctly. In cohort
2 the course ran for 40 days (see figure). At the end of the
clerkship all students were asked to complete the vali-
dated 28-question test.


Outcome Measure and Statistical Analysis
The primary outcome measure was the difference in learn-
ing efficiency between the cohorts. Learning efficiency was
defined as the increase in knowledge demonstrated on the
end of course test per spaced education item answered.
Since the time that students could dedicate to urology
during the surgery rotation was limited and pretrial stu-
dent urology knowledge should have been equivalent in
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the 2 randomized cohorts, it was decided administratively
that no pretest would be given. Thus, historical pretest
scores (mean 59%) served as a baseline to calculate test
score improvement in each cohort.9 Learning efficiency
was calculated by dividing 1) the score of each student on
the end of course test minus the historical pretest score
mean of 59% by 2) the number of spaced education items
answered by that student during their surgical clerkship.


Analysis was done of data on students who completed
the end of course test whether or not they completed the
spaced education course. Test scores were calculated as
the number of questions answered correctly normalized to
a percent scale. Based on our prior research we expected
the mean � SD end of course test score to be approxi-
mately 85% � 12%.12 Our recruitment goal was 48 stu-
dents to provide 0.8 power to detect a 10% difference
among scores, assuming 2-tailed significance at 0.05.
Test reliability was estimated with Cronbach’s �, which
assesses the systematic variance of a measure adminis-
tered to a sample.13 Statistical calculations were done
with SPSS® for Windows® 15.0.


RESULTS


A total of 62 students were randomized to cohorts 1
and 2. Student characteristics were similar (see table).
Of the students 52 (84%) participated in the spaced
education course and completed the final test. Test
completion rates were similar in cohorts 1 and 2 (82%
and 86%, respectively, chi-square test p � 0.45).
Cronbach � reliability (internal consistency) of the
end of course test was 0.74.


Cohort 1 students answered significantly fewer
spaced education items than cohort 2 students
(mean 57 � 7 vs 70 � 17, 2-tailed t test p � 0.001).
Cohort 1 students required an average of 48 � 11
days to complete the course by retiring all 40 items,
8 days longer than the fixed 40 days in cohort 2.


Characteristics of 62 randomized students


No. Cohort 1 (%) No. Cohort 2 (%)


Medical school:
Boston University School of Medicine 20 (61) 19 (66)
HMS 13 (39) 10 (34)


Clerkship site:
Beth Israel Deaconess Medical Center 4 (12) 4 (14)
Boston Medical Center 12 (36) 11 (38)
Brigham and Women’s Hospital 5 (15) 4 (14)
Cape Cod Hospital 2 (6) 2 (7)
Massachusetts General Hospital 4 (12) 2 (7)
Quincy Hospital 2 (6) 2 (7)
Veterans Affairs Boston Healthcare


System
4 (12) 4 (14)


Gender:
F 13 (39) 18 (62)
M 14 (42) 7 (24)
No response 6 (18) 4 (14)


Completed 1–2-wk urology elective 7 (21) 5 (17)


during surgery clerkship

There was no significant difference in end of course
test scores in cohort 1 vs 2 (87% � 8% vs 84% � 15%,
p � 0.37). Learning efficiency was significantly
higher in cohort 1 vs 2 (0.49 � 0.19 vs 0.36 � 0.17,
p � 0.009), representing a 38% increase in learning
efficiency due to the adaptive algorithm.


DISCUSSION


Adaptive spaced education boosted learning effi-
ciency, allowing students to achieve comparable
learning with substantially less effort. Cohort 1 stu-
dents completed approximately 20% fewer spaced
education items than those in cohort 2. The adaptive
algorithm focused the repetition of educational con-
tent on specific domains in which students had lim-
ited knowledge without decreasing overall student
learning, as measured by the end of course test.


The improved learning efficiency in our study is
similar to that of other educational technologies us-
ing adaptive algorithms.14 In 1 study Web based
learning modules were presented in an adaptive
format that allowed learners who correctly an-
swered case based questions to skip the correspond-
ing educational content. On a knowledge posttest
administered at the end of each module learners
randomized to adaptive modules had scores similar
to those in learners assigned to nonadaptive mod-
ules. They achieved these similar scores in 18% less
time,14 consistent with our results.


The 38% improvement in learning efficiency in
our study is not expected to be consistent across
content domains and learners with varied expertise
levels. Our adaptive urology course would dramati-
cally increase learning efficiency in a fully trained
urologist. Rather than answering each item a fixed
number of times, as in nonadaptive spaced educa-
tion, the urologist would repeat only the few items
for which the answer was not known. In contrast, a
newly matriculated medical student with no urology
knowledge would likely answer most items incor-
rectly at initial presentation and require multiple
reinforcements before mastering the material. The
duration needed to complete an adaptive spaced ed-
ucation course is a function of the student 1) base-
line knowledge level and 2) ability to learn from
spaced education material. This may enable adap-
tive spaced education to be used as an innovative
assessment tool. Baseline knowledge can be deter-
mined by performance on spaced education items
when initially presented. By analyzing the duration
needed to complete an adaptive course while control-
ling for this baseline knowledge, it should be possi-
ble to assess student ability to learn from the spaced
education material. Study is currently under way to
explore how best to quantify and analyze this new


construct of learning ability.
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Several points should be considered when inter-
preting these results. 1) Answering a spaced educa-
tion item correctly once to retire it in the adaptive
course did not necessarily equate to content mas-
tery. Each multiple choice question had 4 or 5 pos-
sible answers for a 20% to 25% chance that each
question could be answered correctly by chance
alone. The algorithm was structured in this way due
to surgical clerkship time constraints. In our other
studies learners now must answer an item correctly
twice in a row to retire it. 2) It is not clear how the
adaptive system impacts long-term retention of the
material. Further study is needed to establish the
optimal adaptive parameters to generate long-term
retention and determine to what degree overlearn-
ing (the repetition of content after mastery is
achieved) contributes to long-term retention. 3) It is
not unexpected that the adaptive course required
20% greater time for delivery. The duration required
to complete an adaptive course is a function of its
spacing and repetition parameters. In this study 7
days were selected as the interval so that students
could complete it during the clerkship. Recent re-
search on long-term learning has demonstrated that
the optimal SI increases with the RI, which is the
period during which the material is to be remem-
bered.1,15 When the retention interval is substan-
tial, the optimal spacing-to-retention interval ratio
is approximately 5% to 10%.1,15 4) The adaptive
algorithm caused 1 to 6-day gaps in the delivery of


items at the end of the course, which persisted until
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PURPOSE Medical knowledge learned by trainees is
often quickly forgotten. How can the educational
process be tailored to shift learning into longer-term
memory? We investigated whether �spaced educa-
tion�, consisting of weekly e-mailed case scenarios and
clinical questions, could improve the retention of
students’ learning.


METHODS During the 2004–5 surgery clerkships,
3rd-year students completed a mandatory 1-week
clinical rotation in urology and validated web-based
teaching programme on 4 core urology topics.
Spaced educational e-mails were constructed on all 4
topics based on a validated urology curriculum. Each
consisted of a short clinically relevant question or
clinical case scenario in multiple-choice question
format, followed by the answer, teaching point sum-
mary and explanations of the answers. Students were
randomised to receive weekly e-mailed case scenarios
in only 2 of the 4 urology topics upon completion of
their urology rotation. Students completed a valid-
ated 28-item test (Cronbach’s a ¼ 0.76) on all 4
topics prior to and after the rotation and at the end
of the academic year.


RESULTS A total of 95 of 133 students (71%) com-
pleted the end-of-year test. There were no significant
differences in baseline characteristics between rand-
omised cohorts. Spaced education significantly im-
proved composite end-of-year test scores (P < 0.001,
paired t-test). The impact of the spaced educational


e-mails was largest for those students who completed
their urology education 6–8 and 9–11 months
previously (Cohen’s effect sizes of 1.01 and 0.73,
respectively).


CONCLUSION Spaced education consisting of clin-
ical scenarios and questions distributed weekly via
e-mail can significantly improve students’ retention
of medical knowledge.


KEYWORDS randomised controlled trial (publica-
tion type); surgery ⁄ *education; clinical clerk-
ship ⁄ *methods; *memory; *learning;
teaching ⁄ methods; urology ⁄ *education; electronic
mail; cohort studies.


Medical Education: 2007; 41: 23–31
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INTRODUCTION


Medical knowledge learned by trainees is often
quickly forgotten. This is not unexpected, as forget-
ting is a natural psychological phenomenon. As early
as work by Ebbinghaus, published in 1885, forgetting
curves (plots of memory retention over time) have
been established for different types of memories,
ranging from pictures of faces to names learned at a
cocktail party. Ebbinghaus learned sequences of
nonsense letter combinations, only to find that he
repeatedly forgot more than 40% in under 5 min-
utes.1,2 Memory of medical knowledge and skills is
prey to these same processes of forgetting. For
example, a study of retention of cardiopulmonary
resuscitation (CPR) skills demonstrated a rapid,
linear and substantial decay in skill in the year
following training. In fact, only 2.4% of those trained
3 years earlier could perform CPR successfully.3


teaching methods
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One primary goal of medical education, and educa-
tion in general, is to generate long-term learning, not
just memories which decay quickly after a given
lecture, conference or test. This raises the important
question as to how the educational process itself
might be tailored to shift learning into longer-term
memory. �Spaced education� refers to educational
programmes which are constructed to take advantage
of the pedagogical merits of the �spacing effect�.
Elucidated via psychological research in the 1970s
and 1980s, the �spacing effect� refers to the finding
that educational encounters which are spaced and
repeated over time (spaced distribution) result in
more efficient learning and improved learning
retention, compared to massed distribution of the
educational encounters (bolus education).4,5 While
much of the research on the �spacing effect� has
focused on short- and medium-term retention on the
order of hours to days, some evidence suggests that it
can also generate significant improvements in longer-
term retention.6


The problem of knowledge retention was highligh-
ted in our recent results from a randomised con-
trolled trial of adjuvant web-based teaching
performed at 4 medical schools in the north-eastern
United States.7 Compared to controls, web-based
teaching significantly increased test scores in 4
clinical topic areas at each medical school. While
significant knowledge improvements persisted a
median 4.8 months after completion of the
web-based intervention, a substantial decline in
knowledge was observed over this time period.
Extrapolating this trend forward, it appeared that
there would be little-to-no residual educational
benefit from the web-based programme 12 months
after the intervention. This disturbing finding raised
the important question as to whether the educa-
tional process itself might be altered to improve the
retention of knowledge by the students.


Using urology as an experimental model, we investi-
gated whether spaced education, consisting of weekly
e-mailed clinical scenarios and questions, could
improve the retention of students’ learning from
their 1-week clinical urology rotation.


METHODS


Study participants


All 156 3rd-year medical students in the 2004–5
academic year at Harvard Medical School (HMS)
were invited to participate in the study. Students were
recruited via e-mail announcement and an oral
presentation by a faculty member (BPK). Participa-
tion was voluntary. There were no exclusion criteria.
Faculty was blinded to the identities of participating
students. Institutional review board approval was
obtained.


Development of validated test instrument


Based on a validated urology curriculum focusing on
4 core topics in urology [prostate cancer (PC),
screening with prostate-specific antigen (PSA),
benign prostatic hyperplasia (BPH) and erectile
dysfunction (ED)], a 28-item multiple-choice test was
developed utilising the question development guide-
lines of the National Board of Medical Examiners.8


Content validity of the test was established by a panel
of 4 medical educators, 2 urologists (WCD, PAC) and
2 medical physicians (BAM, DDF). Construct validity
was established by administration of the test to 19
urology experts.9 Reliability of the instrument was
measured by Cronbach’s alpha at. 0.76,10 and its


teaching methods


Overview


What is already known on this subject


Medical knowledge learned by trainees is
often quickly forgotten. While a great deal of
psychological research has investigated mem-
ory and its optimisation, little work has been
conducted to implement these research find-
ings within the pedagogy of formal medical
education.


What this study adds


Utilising rigorous research methodology, this
study demonstrates that spaced education
consisting of clinical scenarios and questions
distributed weekly via e-mail to students can
significantly improve their retention of med-
ical knowledge.


Suggestions for further research


Future investigation is indicated to determine
whether the principles of spaced education
can be applied online to facilitate the initial
acquisition of medical knowledge, not just
improve its retention.


24
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1-week test–retest reliability was 0.72. The identical
28-item test was used as the pre-test, the post-test and
the end-of-year test in this study. In all cases, it was
administered online via the HMS Mycourses� web-
based course management system. The details of the
development and validation of this test instrument
have been published previously.9


Development of validated spaced educational e-mails


Based on the validated urology curriculum, 11–13
spaced educational e-mails were constructed for each
of the 4 core topics. Each consisted of a short clinically
relevant question or clinical case scenario in multiple-
choice question format, followed by the answer to the
question, a summary of the teaching point (�take-home
message�), explanations of the answers and a listing of
the �take-home message� from the previous week
(Appendix 1). Each e-mail was content-validated by the
panel of 4 medical educators.


Study design and organisation


During their 3-month surgery clerkship, all 3rd-year
HMS students are required to complete a 1-week
clinical rotation in urology and a validated web-based
teaching programme on the 4 core urology topics.
Both prior to and after the week, students complete
the 28-item test on all 4 topics. Each week during the
year, approximately 2–4 HMS students completed
this urology rotation.


Randomisation and cohort assignment of eligible
students were performed centrally by 1 investigator
(BPK). Students were stratified by gender, hospital
and date of surgery clerkship and underwent blocked
randomisation11 to 1 of 2 study arms (Fig. 1):


• Cohort A (PC ⁄ PSA) ) upon completion of their
urology rotation, students were sent a spaced
educational e-mail each week on the topics of PSA
screening and PC.


• Cohort B (BPH ⁄ ED) ) upon completion of their
urology rotation, students were sent a spaced
educational e-mail each week on the topics of
BPH and ED.


Faculties at all institutions were not informed of the
students’ cohort assignment. In each cohort, the 2
topics of the spaced educational e-mails alternated
each week, and the bottom of each e-mail contained
the �take-home message� of the prior week. The sets
of 11–13 spaced education e-mails for each topic
were repeated twice over the academic year. Given
the wide distribution of dates at which students


completed their urology rotation during the aca-
demic year, students received the spaced educa-
tional e-mails for a duration ranging from 0 to
11 months. At the end of the academic year (June
2005), students were asked to take the 28-item
urology test on all 4 core topics. Students received a
$20 bookstore gift certificate for completion of the
end-of-year test.


Outcomes and measurements


The primary outcome measures were the students’
scores on the 28-item end-of-year test. The secondary
outcome measures were the spaced education utili-
sation patterns reported by students. A post-hoc
exploratory analysis was performed to investigate for
systematic differences in the spaced educational
e-mails utilised in each cohort.


Statistical analyses


Based on data from previous test administrations, a
total of 70 students were needed in the study to
achieve a 0.9 power to detect a 10% difference in test
scores with a 2-sided 0.05 significance level.


Both per protocol and intention-to-treat analyses
were performed the latter of which utilised pre-test
scores in place of end-of-year test scores when a
student had not completed the end-of-year test. Two
composite scores on the end-of-year test were calcu-
lated for each student by combining the scores in the
topic areas in which the students received spaced
education and those in which they did not (controls).
The effect of the spaced education was evaluated by
comparing the 2 composite scores via a paired t-test,
which allowed each student to act as his or her own
control. Cohen’s d statistic, defined as the difference
in means in terms of standard deviation units, was
utilised to measure effect size, with 0.2 generally
considered to be a small effect, 0.5 as a moderate
effect and 0.8 as a large effect.12


To adjust for topic areas (PC ⁄ PSA versus BPH ⁄ ED)
and for variables used in stratified randomisation
(gender, date and site of surgery clerkship), a mixed
effects model was fitted with these variables (plus
intervention) as fixed effects and with student as the
random effect (to account for potential correlations
between each student’s 2 scores). Multiple linear
regression models were also fitted to analyse the end-
of-year scores separately for the 2 topic areas and to
analyse the score changes from post-rotation to end-
of-year. A post-hoc exploratory analysis was performed
to examine potential systematic differences in the
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spaced educational e-mails utilised in the cohorts and
the potential association between e-mail utilisation
and the outcomes.


Statistical analyses were performed with SPSS
� for


Windows version 12.0 (SPSS Inc., Chicago, IL, USA)
and SAS software version 9.0 (SAS Institute, Cary, NC,
USA). Two-sided P < 0.05 denotes statistical signifi-
cance.


RESULTS


Eighty-five per cent of all 3rd-year HMS students
(133 ⁄ 156) completed the urology web-based teaching
programme. Of these, 71% (95 ⁄ 133) completed the
end-of-year test (Fig. 1). Three students were not
included in the intention-to-treat analysis: they did
not complete any component of the web-based


teaching methods


Web-based Teaching Programme 
                  on all 4 core topics 


PostTest  on all 4 core topics:  
           BPH, ED, PC, PSA 


80 Included in Analysis 


PostTest  on all 4 core topics:  
           BPH, ED, PC, PSA 


47 Completed the  
      End-of-Year Test 


PreTest on all 4 core topics:  
           BPH, ED, PC, PSA 


156 Third-Year Medical Students 


156 Stratified by Gender, Hospital 
     & Dates of Clinical Rotation


73 Included in Analysis  


156 Randomised  


Web-based Teaching Programme  
                 on all 4 core topics 


14 Lost to Follow-up 9 Lost to Follow-up 


65 Completed PreTest, Web-based  
   Teaching Programme, and PostTest


Spaced Education Emails
on the topics of PC & PSA 


Spaced Education Emails
on the topics of BPH & ED 


48 Completed the  
       End-of-Year Test


74 Assigned to Cohort B 82 Assigned to Cohort A 


End-of-Year Test  on all 4 core topics:  
BPH, ED, PC, PSA 


End-of-Year Test  on all 4 core topics:  
BPH, ED, PC, PSA 


20 Lost to Follow-up 18 Lost to Follow-up 


68 Completed PreTest, Web-based  
    Teaching Programme, and PostTest 


PreTest on all 4 core topics:  
           BPH, ED, PC, PSA 


Figure 1 Flow chart of randomised controlled trial. PSA, prostate-specific antigen; PC, prostate cancer; BPH, benign prostatic
hyperplasia; ED, erectile dysfunction.
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programme, including the pre-test, and as a result
their absent end-of-year test score could not be
imputed by a baseline pre-test score. There were no
significant differences in baseline characteristics
between randomised cohorts (Table 1).


End-of-year test scores


Spaced educational e-mails significantly improved
composite end-of-year test scores (P < 0.001, paired
t-test, per protocol analysis, Cohen’s effect size 0.50).
The impact of the spaced educational e-mails was
largest for those students who received these e-mails
for 6–8 and 9–11 months (Cohen’s effect sizes of 1.01
and 0.73, respectively, Fig. 2). Intention-to-treat ana-
lyses gave similar results.


The effect of spaced education remained significant
(P < 0.001) after adjusting for topic (PC ⁄ PSA versus
BPH ⁄ ED), gender, site of clerkship, date of clerkship,
degree type and random student effect (on an
intention to treat basis). We found a marginally
significant interaction between spaced education and
date of clerkship (P ¼ 0.10); the effect in students
who received e-mails for 6 months or longer was


larger (P < 0.001) than that in students who received
e-mails for less than 6 months (P ¼ 0.11). No other
significant interactions were indicated.


When analysing the 2 topic domains (PC ⁄ PSA versus
BPH ⁄ ED) separately via multiple linear regression on
an intention-to-treat basis, the composite score on
PC ⁄ PSA was significantly greater in the group of
students (cohort A) who received spaced educational
e-mails on these topics (P < 0.001, Table 2). A trend
towards improvement was also observed on the
BPH ⁄ ED score in the group of students (cohort B)
who received spaced educational e-mails on these
topics (P ¼ 0.06). In both topic areas, scores differed
significantly with respect to the duration of time over
which the e-mails were received (P ¼ 0.001). No
significant differences were indicated between gen-
der, clinical sites or degree programmes.


Score change from rotation post-test to end-of-year
test


Using an intention-to-treat multiple linear regression
analysis, students who received spaced educational
e-mails on prostate cancer and PSA screening


Table 1 Characteristics of the 153 students included in the intention-to-treat analyses. No statistically significant differences were present between cohorts


Cohort A:


prostate Ca ⁄ PSA
Cohort B:


BPH ⁄ ED P-value


Participants included in analysis 80 73
Gender 0.55*


Male 44 (55%) 40 (55%)
Female 36 (45%) 33 (45%)


Dates of clerkship 0.97*
July – September 2004 20 (25%) 20 (27%)
October – December 2004 19 (24%) 18 (25%)
January – March 2005 20 (25%) 16 (22%)
April – June 2005 21 (26%) 19 (26%)


Site of clerkship 0.91*
Beth Israel Deaconess Medical 25 (31%) 24 (33%)
Brigham & Women’s Hospital 26 (33%) 25 (34%)
Mass. General Hospital 29 (36%) 24 (33%)


Degree programme 0.36*
MD 69 (86%) 62 (89%)
MD ⁄ PhD 9 (11%) 6 (8%)
No response 2 (3%) 2 (3%)


Prior clinical rotations
Medicine 49 (61%) 36 (49%) 0.06*
Obstetrics–gynaecology ⁄ paediatrics 40 (50%) 33 (45%) 0.28*
Radiology 23 (29%) 28 (38%) 0.16*


Prior urology experience 2 (3%) 1 (1%) 0.53*
Age (years) Mean 26.1 Mean 26.3 0.61a


(SD 2.4) (SD 2.5)
Self-assessment of prior
�knowledge base in urology�
(5-point scale: 1, poor, 5, excellent)


Mean 1.8 Mean 1.8 0.86a


(SD 0.7) (SD 0.7)


Statistical comparisons performed with v2 test* and 2-tailed t-test.a
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(cohort A) demonstrated significantly greater
retention (composite post-test score minus composite
end-of-year test score) in these topics compared to
controls (P ¼ 0.03). Similarly, students who received
spaced educational e-mails on BPH and erectile
dysfunction (cohort B) demonstrated significantly
greater retention in these topics compared to con-
trols (P ¼ 0.004). The score change differed mar-
ginally with respect to duration (P ¼ 0.05 and 0.06
for PC ⁄ PSA and BPH ⁄ ED, respectively); no signifi-
cant differences in retention were observed between
gender, clinical sites or degree programmes.


Utilisation patterns, e-mail: structure and student
feedback


Students in cohort A (PC ⁄ PSA) reported reading a
median 90% (mean 79%, SD 25%) of the spaced
educational e-mails they received, while those in
cohort B (BPH ⁄ ED) reported reading 60% (mean
62%, SD 33%), a significant difference (P ¼ 0.01,
Mann–Whitney U-test, Table 3). Other parameters of
e-mail utilisation were similar between the cohorts
(Table 3). A post-hoc analysis of the e-mail structure
indicated that the e-mails for cohort A were
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Duration of Spaced Education
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s 
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t


0


8
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14


Spaced Education
Controls


Effect size
0.73


Effect size
1.01


Effect size
0.43


Effect size
0.20


p=0.005*p=0.004*


p=0.076*


p=0.296*


0-2 months 3-5 months 6-8 months 9-11 months


Figure 2 Composite end-of-year test
scores (n ¼ 93 students) as a function of
the duration over which spaced educa-
tional e-mails were received. Overall,
scores were significantly different be-
tween cohorts (P < 0.001, paired t-test).
*To correct for multiple subgroup
comparisons, the threshold for statistical
significance is P ¼ 0.013.


Table 2 Mean ± SD for the end-of-year test scores, under an intention-to-treat analysis


Test scores on PC ⁄ PSA Test scores on BPH ⁄ ED
Intervention


cohort A


(PC ⁄ PSA)


Control


cohort B


(BPH ⁄ ED)


Control


cohort A


(PC ⁄ PSA)


Intervention


cohort B


(BPH ⁄ ED)


All students 10.4 ± 3.2 9.4 ± 2.8 8.8 ± 3.1 9.5 ± 2.9
Duration since rotation


0–2 months 11.0 ± 3.2 10.9 ± 2.8 9.9 ± 3.5 10.3 ± 3.1
3–5 months 10.3 ± 3.4 9.6 ± 2.8 9.1 ± 3.3 9.6 ± 2.6
6–8 months 9.9 ± 3.4 8.1 ± 2.7 7.8 ± 2.8 8.6 ± 2.7
9–11 months 10.4 ± 2.8 9.2 ± 2.5 8.2 ± 2.2 9.4 ± 3.0


Gender
Male 10.3 ± 3.1 9.4 ± 2.4 8.9 ± 3.1 9.2 ± 2.7
Female 10.5 ± 3.2 9.5 ± 3.3 8.5 ± 3.0 9.8 ± 3.1


Site of clerkship
Beth Israel Deaconess Medical 9.8 ± 3.3 10.3 ± 2.6 8.8 ± 3.5 9.6 ± 3.1
Brigham & Women’s Hospital 10.9 ± 3.2 9.3 ± 3.5 9.0 ± 3.0 9.6 ± 2.7
Mass. General Hospital 10.4 ± 3.1 8.8 ± 2.2 8.6 ± 2.9 9.2 ± 2.9


Degree programme
MD 10.5 ± 3.1 9.4 ± 2.9 8.8 ± 3.0 9.4 ± 2.9
MD ⁄ PhD 10.0 ± 4.2 9.0 ± 2.3 8.7 ± 3.6 9.5 ± 3.6
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significantly shorter than those e-mails sent to the
students in cohort B (mean 218 versus 290 words,
respectively, P < 0.001, 2-sample t-test). However,
these e-mail utilisation variables were not associated
significantly with the test scores (mixed effect model
analysis, adjusting for covariates). Limited cross-over
between cohorts was reported by students (Table 3).


Students reported that the spaced educational e-mails
were effective educational tools (median 4.0, mean
3.9, SD 1.0 on a 5-point scale: 1, not effective, 5, very
effective). If spaced education programmes were
started in other specialties, 96% of students indicated
that they would want at least 1 spaced educational
e-mail per week. Overall, students reported that 5
e-mails a week (median 5.0, mean 5.0, SD 3.7) would
be the maximum that they would want to receive.


DISCUSSION


This randomised controlled trial demonstrates that
spaced education consisting of case scenarios and
clinical questions distributed weekly via e-mail can
significantly improve students’ retention of medical
knowledge. These retention improvements were
topic-specific and increased with the duration over
which spaced educational e-mails were received. In
addition, students perceived the e-mails to be effect-
ive educational tools, with almost all students indi-
cating that they would want to receive spaced
educational e-mails in the future.


These results are not surprising: repeated reinforce-
ment of learning would be expected to improve its
retention over time, consistent with previous psy-
chological research.1,6,13–15 Even so, this study is


novel in that it demonstrates that principles of spaced
education can be applied to a large dispersed student
population via the distributive power of e-mail and
the internet, resulting in significant improvements in
retention of clinical knowledge. This pedagogical
model for improving retention of knowledge may
have a broad application in medical education and in
education in general. For instance, 1 repeated criti-
cism at our institution is that students arrive at their
3rd-year surgery clerkship with a dearth of anatomic
knowledge, in spite of an intensive course in human
anatomy in their 1st year. A spaced educational
programme in human anatomy administered be-
tween the 1st and 3rd years may be able to halt this
decline in anatomical knowledge.


The results of this study also directly challenge the
value of an extremely common outcomes measure in
educational research, namely short-term learning as
measured by a post-test taken closely following an
educational intervention. There is an assumption
that short-term learning gains are maintained, but
the forgetting curves demonstrated in this paper
argue strongly against such an assumption. This study
emphasises the value of knowledge retention (longer-
term learning) as an important outcomes variable by
which educational interventions should be judged.


There are several limitations to this study, including
the moderate participation rates and the narrow
subspecialty focus of the educational intervention. In
addition, the study design did not control for the
differences in time that students spent learning the
specific urology topics. It remains to be demonstrated
whether this pedagogical model can be generalised
to other topics and to other students at various points
in their training. While the study demonstrated


Table 3 Utilisation characteristics of spaced educational e-mails reported by students. Median is listed, with interquartile range (IQR) posted in parentheses


Cohort A Cohort B P-value


What percentage of the weekly �spaced education in urology� e-mails did you
read on the topics to which you were randomised?


90%
(65–100)


60%
(25–100)


0.01


What percentage of the weekly �spaced education in urology� e-mails did you read
on the topics to which you were not randomised?


0%
(0–65)


5%
(0–50)


0.53


Please rate whether or not you feel the �spaced education in urology� e-mails were
effective educational tools? (5-point Likert scale: 1, not effective, 5, very effective)


4.0
(4.0–5.0)


4.0
(2.8–5.0)


0.13


On average, how many e-mails do you receive each day? 15
(10–25)


15
(10–20)


0.42


How often do you check your e-mail account(s) for new messages? (times per day) 3.0
(1.0–5.0)


3.0
(1.4–5.0)


0.84


If multiple specialties besides urology started spaced education e-mail programmes,
what would be the maximum total number of these e-mails that you would want to
receive each week?


5.0
(3.0–7.0)


4.0
(2.8–5.0)


0.06


Statistical comparisons performed with Mann–Whitney U-test.
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statistically significant score differences between
cohorts, it is reasonable to ask whether these seem-
ingly small score differences are educationally signi-
ficant. Ultimately, this is a question of validity: does
the test assess a construct which is clinically mean-
ingful, such that a difference of 1–2 points actually
matters? The rigorous methodology we followed in
constructing a validated test and validated spaced
educational e-mails argues that such a score differ-
ence does reflect a real knowledge difference of
clinical and educational import.


Strengths of this study include its randomised
controlled design and the rigorous methodology
followed in the development of the test and educa-
tional interventions. By analysing the results of the
randomised students and not just those who com-
pleted the end-of-year test, an intention-to-treat
analysis eliminates any potential bias in favour of a
positive result that may result from non-random
attrition of students. In addition, the intention-to-
treat analysis (which imputes end-of-year test score by
pre-test score for students who did not complete the
end-of-year test) is inherently conservative. Under
such a method of analysis, the impact of the spaced
education intervention is purposely diluted by the
inclusion of these non-completers who, by definition,
have made no improvement from their pre-test
scores. The fact that the results remain statistically
significant under such a conservative approach and
with such a high percentage of imputed data (38%) is
testament to the robustness and generalisability of
the findings.


Many questions about spaced education remain: what
are the optimal spacing patterns to facilitate retention
and learning, what is the optimal structure for the
educational materials, what is the optimal frequency of
spaced educational e-mails, etc. Another important
question is whether the principles of spaced education
can be applied online to facilitate the initial learning of
educational material, not just improve its retention.
While studies in the psychological literature suggest
that this is the case, this research has largely been
conducted in controlled settings with a relatively small
number of subjects and over relatively short dura-
tions.5,15,16 Two multi-institutional randomised trials
are currently under way to test this hypothesis.
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APPENDIX 1


Example of spaced educational e-mail


Spaced education in urology: erectile dysfunction


A 63-year-old-male comes into your office concerned
that his love of Barry Manilow songs might be
contributing to his development of erectile dysfunc-
tion (ED). Using all your patient–doctor skills, you
reassure him that Barry Manilow is an unlikely cause
of his ED, but recommend that he listen to Barry
White. You take a full history addressing risk factors
for ED and then move to the physical examination.
What components of a GU examination are import-
ant in the work-up of this patient’s erectile dysfunc-
tion? (please select all the answers which are correct)


(a) prostate – assessing for tenderness
(b) penis – assessing for scarring
(c) lower abdomen – assessing for surgical scars
(d) digital rectal examination – assessing for anal
tone and perineal sensation
(e) feet – assessing for pedal pulses


Scroll down for the answer…


Correct answers: B, C, D, and E (not A)


Take-home message:


The primary aetiologies for ED are vascular, neuro-
genic and iatrogenic, so your physical examination
should look for evidence for each: reduced pedal
pulse can indicate peripheral vascular disease, re-
duced anal tone or perineal sensation can raise
suspicion of a neurological component, and lower
abdominal scars may indicate pelvic surgery which
may have disrupted the nerve supply to the penis
(cavernous nerves). A detailed examination of the
penis should also be performed because, for instance,
scarring of the corpora cavernosa can lead to severe
curvature of the erect penis (Peyronie’s disease).


Explanation of incorrect answers:


(a) While it is important to do a prostate examination
as part of a thorough GU examination, disorders of
the prostate are not typical causes of ED.


Take-home message from last week: BPH


There are 7 basic BPH-related symptoms which fall
under the mnemonic WISE FUN:


W: weak urinary stream
I: intermittency of urinary stream
S: straining to urinate
E: incomplete emptying


F: frequency of urination
U: urgency of urination
N: nocturia (frequency of urination at night)


The WISE symptoms are obstructive in nature, while
the FUN symptoms are irritative in nature. These
symptoms form the basis of the validated Interna-
tional Prostate Symptom Score (IPSS), which is used
to quantitate and follow change in severity of BPH-
related symptoms.


Reference: J. Urol 2001; 166:1011.
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Transition of the SPM course assessment plan from a few critical unit exams to a system 
of scored coursework, more frequent mid-term exams, and a cumulative end-of-term final 







Full Terms & Conditions of access and use can be found at
https://srhe.tandfonline.com/action/journalInformation?journalCode=caeh20


Assessment & Evaluation in Higher Education


ISSN: 0260-2938 (Print) 1469-297X (Online) Journal homepage: https://srhe.tandfonline.com/loi/caeh20


Assess as you go: the effect of continuous
assessment on student learning during a short
course in archaeology


Sven Isaksson


To cite this article: Sven Isaksson (2008) Assess as you go: the effect of continuous assessment
on student learning during a short course in archaeology, Assessment & Evaluation in Higher
Education, 33:1, 1-7, DOI: 10.1080/02602930601122498


To link to this article:  https://doi.org/10.1080/02602930601122498


Published online: 11 Dec 2007.


Submit your article to this journal 


Article views: 395


Citing articles: 17 View citing articles 



https://srhe.tandfonline.com/action/journalInformation?journalCode=caeh20

https://srhe.tandfonline.com/loi/caeh20

https://srhe.tandfonline.com/action/showCitFormats?doi=10.1080/02602930601122498

https://doi.org/10.1080/02602930601122498

https://srhe.tandfonline.com/action/authorSubmission?journalCode=caeh20&show=instructions

https://srhe.tandfonline.com/action/authorSubmission?journalCode=caeh20&show=instructions

https://srhe.tandfonline.com/doi/citedby/10.1080/02602930601122498#tabModule

https://srhe.tandfonline.com/doi/citedby/10.1080/02602930601122498#tabModule





Assessment & Evaluation in Higher Education
Vol. 33, No. 1, February 2008, 1–7


ISSN 0260-2938 print/ISSN 1469-297X online
© 2008 Taylor & Francis
DOI: 10.1080/02602930601122498
http://www.informaworld.com
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10.1080/02602930601122498Assessment & Evaluation in Higher Education0260-2938 (print)/1469-297X (online)Original Article2008Taylor & Francis331000000February 2008SvenIsakssonsven.isaksson@arklab.su.se A continuous classroom assessment technique, ‘Five-minute’ essays, was applied during a
short course called Scientific Methods in Archaeology—Applications and Problems, given at
the Archaeological Research Laboratory, Department of Archaeology and Classical Studies,
Stockholm University, Sweden. There was a strong positive and statistically significant
correlation between the grades obtained by the students and time into the course. The results
showed no significant difference based on gender but there might be a gender-based difference
in approach. The ‘Five-minute’ essay was generally appreciated by the students even though
some found it stressful. There was no significant difference in this appreciation based on
gender. Several advantages of this assessment procedure in comparison with the more
traditional final exam are presented.


Introduction


During the spring semester of 2005 the Archaeological Research Laboratory at the Department
of Archaeology and Classical Studies, Stockholm University, Sweden, gave a short course
called Scientific Methods in Archaeology—Applications and Problems. The background to
giving this course was the increased use of chemical, physical and biological techniques in
archaeology and the lack of teaching on this area in the general archaeological curriculum. The
target groups for the course were students who had passed at least the basic and intermediate
levels in Archaeology or Classical Archaeology and Ancient History, and professional archaeol-
ogists. To enable this group to participate, the course was taught part time and in the evenings.
The course consisted of a two-hour lecture once a week for 10 weeks, the writing of an essay, a
two-hour group peer-review, a three-hour seminar and a five-hour field trip, spread out over a
period of 13 weeks.


Interdisciplinary and short-course problems


As archaeology falls under the Faculty of Arts, students’ previous knowledge of natural science
was expected to be rudimentary. The only compulsory literature for this course was a compen-
dium compiled of texts written by the different lecturers on the course, experts in the various
fields. These texts focused on the fundamentals of the different analytical techniques, and aimed
at providing basic understanding of the techniques, their possibilities, limitations, common
pitfalls and the proper on-site handling of samples. The lectures focused more on good and bad
examples and on case studies.
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2  S. Isaksson


In my experience evening classes tend to be quite lazy: the students sit through the lectures
and wait for the final exam before they do any studying. It is a structural problem not unique to
evening classes but to any course based on lectures and a final exam. This structure encourages a
learning strategy that promotes a surface approach to learning among students (cf. Brown, 1997).
To counteract this I wanted to try a structure on this course that increased the chances of the
students using a deeper approach, through appropriate learning activities. The nature of the course
and the situation at the department was such that the lecture series was the most suitable way of
teaching. Also, reviews of the research on lecturing (Brown & Manogue, 2001, p. 232) have
concluded that ‘lectures are at least as effective as other methods of teaching at presenting infor-
mation and providing explanations’. The style and structure of lecturing is something personal
and varies between lecturers (cf. Brown & Manogue, 2001, pp. 232–235). As course director this
was something I did not want to interfere with. What we needed were structural ways to increase
the students’ engagement at each lecture, to catch their attention. How do we get the students to
come as prepared and committed to the lectures as we expect them to perform for the essay, the
seminar and the field trip?


Having identified these problems I tried to apply the teaching of the Centre for Learning and
Teaching (UPC) at Stockholm University, Sweden. The instruction provided at UPC focuses on
the concept of the scholarship of teaching, to a large extent influenced by Biggs’s (2003) Teaching
for quality learning at university.


‘Five-minute’ essays


One way to increase preparedness and commitment is to make each lecture important to the
students. Something that is important to most students is their grade. Finding a way to make the
students realize that each lecture would have an effect, albeit not decisive, on their final grade
could increase preparedness and engagement. An approach that has been tested successfully
before and been appreciated by students is various forms of classroom assessment techniques
(cf. Harwood, 1999). I chose to try a version of the short essay that we called the ‘Five-minute’
essay, and used this for both formative and summative assessment.


The first lecture of the course was of an introductory character. The lecture focused on how
the application of scientific techniques can be incorporated into the framework of general archae-
ological theory and methods. In this way I hoped to connect the unknown with the familiar
(cf. Biggs, 2003, p. 76f).


Rust et al. (2003) have shown that the more the students are involved and understand the
assessment procedure the better they learn. Consequently the students were informed during
the first lecture that they were going to be assessed directly after each two-hour lecture through
the ‘Five-minute’ essay and how this would affect their final grade. The assessment criteria,
drawn from the curriculum through constructive alignment, were presented. They were further-
more presented with sample essays at the different grades in order to improve the students’ under-
standing of the assessment criteria and process. In this way we hoped to produce a positive
backwash effect (Biggs, 2003, p. 140f).


The grades for this course followed the Swedish three-level scale (Fail, Pass and Pass with
distinction) as the ECTS system had not yet been implemented. In short, the criteria used were as
follows: To obtain the grade of Pass the students should be able to give an account in their own
words of the basic fundamentals and potential problems of the analytical technique presented at
the lecture. This is on the multistructural level of understanding, using the SOLO taxonomy
(Biggs & Collis, 1982; Biggs, 2003, p. 47ff; cf. Hattie & Purdie, 1998; Chan et al., 2002). To
obtain the grade of Pass with Distinction (PwD) they should also be able to present an archaeo-
logical problem and explain how an application of the analytical technique might help in solving
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the chosen problem. This is on the relational level of understanding according to the SOLO
taxonomy. The focus of the course was thus on the application of the techniques and not on the
chemistry or physics of the techniques themselves.


The students were free to select any archaeological problem they wanted, in the hope of creat-
ing a value in the exercise itself for the students and building up motivation (Biggs, 2003, p. 60ff).
The question to be answered in each essay was, consequently: what have you learned on today’s
subject and how would you suggest applying this? This was a broad and open-ended question and
the students knew it well in advance. The extent of the essay was one A4 page and the time given
to the students was not necessarily only five minutes—it was not their skill in quick writing we
wanted to assess—sometimes a student would need up to 20 minutes to finish the essay, which is
something we accepted. The format of the text in the essay was completely up to the student to
choose. In its content and ideas the ‘Five-minute’ essay as we implemented it is very similar to
Ritter’s (2000) controlled assessment procedure (CAP). The ‘Five-minute’ essay as an assess-
ment technique was new to all the students, and also to the teachers.


Each lecturer graded the essays from his or her lecture, following these criteria, and also gave
short written feedback to each of them. The graded essays with feedback were returned to the
students at the following lecture.


The class


Thirty-five students were accepted on the course, 20 female and 15 male. Of these, 30 students
completed the course. Twenty-six students answered the course evaluation after completion,
13 female and 13 male. Six of these were professional archaeologists. Seven of the graduate
students had more than four years at the university behind them, the remainder being quite evenly
distributed between one and four years of university studies.


Results


A quite steady increase in the number of essays obtaining the grade of PwD was observed as the
course went on. An analysis shows that there indeed is a strong and statistically significant corre-
lation (r = 0.874, r2 = 0.764, t = 4.76, p = 0.0021) between the number of weeks into the course
and the relative number of essays with the highest grade (see Figure 1).
Figure 1. Relationship between the relative number of ‘Five-minute’ essays obtaining the grade of Pass with Distinction (percentage PwD of total number of essays graded) and the number of weeks into the courseThe coefficient of determination (r2) shows that circa 76% of the variability in the data is
explained by the model, i.e. the linear relationship between the relative number of high-grade
essays and the time into the course. As there were seven different teachers (four female and three
male) assessing the nine bundles of essays it is unlikely that this is the result of any bias with the
assessor. The criterion for PwD was to be able to suggest an application of analytical techniques
to archaeological problems that the technique may help in solving. This is, as already stated, on
a relational level of understanding and more and more of the students reached this level.


Separating female and male students and describing the model by its linear function (y = m·x
+ b, where y is Relative number of PwD in % and x is Number of weeks) for each gender is rather
revealing: 


Female: y = 2.50·x + 24.5 (r = 0.736, r2 = 0.542, t = 2.88, p = 0.024)


Male: y = 3.01·x + 6.54 (r = 0.805, r2 = 0.648, t = 3.59, p = 0.0089)


The higher value of b for the female students than for the male shows that a higher percentage of
the female students obtained the higher grade in the early stages of the course. This may be
inferred as showing that more female students were already reasoning at the relational level of
understanding at the beginning of the course than did male students. The higher value of m for
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the male students than for the female shows that the increase in the percentage of students obtain-
ing the higher grade was stronger among male students. The female students produced on average
more essays with the highest grade (5.3 ± 2.4 PwD/student, min. = 2, max. = 9, n = 16) than the
male students (3.7 ± 2.6 PwD/student, min. = 0, max. = 8, n = 14), but the difference is not statis-
tically significant (t = 1.67, df = 28, p = 0.11).


Course evaluation


After completion of the course the students were asked to evaluate it, including the ‘Five-minute’
essay. Twenty-six students handed in the evaluation form. On a scale from 1 (really bad) to 5
(really good) the ‘Five-minute’ essay got a high grade from the students answering the course eval-
uation (4.04 ± 0.92, min. = 2, max. = 5, n = 26). The distribution of grades is presented in Figure 2.
Figure 2. Distribution of grades given by the students to the ‘Five-minute’ essay. The question answered was: ‘What do you think of the “Five-minute” essay as an assessment technique?’
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Figure 1. Relationship between the relative number of ‘Five-minute’ essays obtaining the grade of Pass
with Distinction (percentage PwD of total number of essays graded) and the number of weeks into the course.
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Figure 2. Distribution of grades given by the students to the ‘Five-minute’ essay. The question answered
was: ‘What do you think of the “Five-minute” essay as an assessment technique?’
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The female students thought a little better of this form of assessment (4.15 ± 0.80) than the
male students (3.92 ± 1.04) but the difference is not statistically significant (t = 0.635, df = 24,
p = 0.531). The category of professional archaeologists enjoyed it more (4.50 ± 0.55) than the
graduate students (3.76 ± 0.97). The reliability of this difference is stronger than that between the
genders but still non-significant at the 5% level (t = −1.74, df = 21, p = 0.096). Seventeen students
gave comments on the ‘Five-minute’ essay; most were happy about it, some were ambivalent and
a number were negative. Eight said it was stressful, tense or that they were short of time, but 13
said they thought it was an excellent form of assessment. One interpretation of this is that the
students who did not like the essay experienced too much stress, while students who were positive
found the high level of stress productive. This is reflected in some of their comments. A selection
follows: 


5—a bit tense though.


Ambivalent. Something stressful that is on one’s mind during the lecture and one loses focus on the
lecturer.


It increases attention during lectures.


I prepared myself before the lecture which made it was easier to follow, but it was stressful.


Very good because I read through and thought through before the lecture and got more out of the
course.


It makes it difficult to get a free ride.


Provides good learning.


Good for the memory.


Feels good to have finished each part at once, instead of waiting for a forthcoming final exam. More
alert at once when reading.


The students liked the ‘Five-minute’ essays better than the seminar (t = 2.55, df = 24, p = 0.016),
but liked the longer essay they also had to write better than the ‘Five-minute’ essays (t = −2.38,
df = 25, p = 0.025). There was no significant difference in the students’ appreciation of the ‘Five-
minute’ essay and of the field trip (t = −0.679, df = 23, p =0.50).


Reflections


The big drawback of this paper is of course the lack of a control group. From the data available
it is impossible to tell whether the continuous assessment through ‘Five-minute’ essays is worse
or better than any other assessment technique. The strong correlation between grades and time into
the course shows that it worked not only as an assessment technique but also as a learning activity
for the students. With the criteria used they had to think for themselves to obtain the grade of PwD
and could not just copy down their notes from the lecture. A prerequisite for this assessment tech-
nique to function as a learning activity is, however, the rather direct feedback given to the students.
With this feedback it has been possible for the teachers to guide the thinking of the students in the
desired direction. Indeed, much of the strength of the correlation seen in Figure 1 may rather be
an effect of the continuous and direct feedback than an effect of the ‘Five-minute’ essay itself.


However, the students knew that each essay would affect their final grade, which probably
meant that they put in some effort before each lecture. The assessment technique also provided
the students with an opportunity to sort out their impressions from the lecture, gather their
thoughts and put them into writing, with the impact of the lecture still fresh in their minds (Biggs,
2003, p. 188f). Thus, they had read about the subject, they had heard and seen about it, they had
thought about it and they had written about it when they submitted their essay after a lecture. This
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is a quite long list of learner activities (cf. Biggs, 2003, p. 79ff) and at least some of the effect
seen in Figure 1 has to have its source in this. At least some of the students’ comments seem to
corroborate this.


Judging from the course evaluation, this is an assessment technique that is popular with
students familiar with ordinary final exams. On top of their insightful comments on the supposed
effect on learning is the one comment on fairness, i.e. the difficulty of getting ‘a free ride’. The
importance to students of feeling that an assessment is fair has been reported previously (e.g.
Olsson, 1997, pp. 22–25). There was no significant difference in the number of essays with the
highest grade per student or in like or dislike between female and male students, so this form of
assessment does not seem to discriminate between genders from this point of view. However,
closer examination of the results seems to indicate a gender-based difference, with the female
students starting at a higher level of understanding than the male students. This was compensated
as the male students had a higher increase in the level of understanding as the course went on. It is
not possible from this limited study to tell whether this is an effect of a gender-based difference
in approach to studying in general or if it is a gender-based effect caused by this assessment proce-
dure in particular. It is probable that the truth lies somewhere in between (cf. Biggs, 2003, p. 17f).
Through the use of generous time limits we tried to avoid discrimination based on writing skills,
but the ‘Five-minute’ essay may discriminate against students with various degrees of dyslexia.


Thanks to the clear assessment criteria the grading of the essays was quite straightforward and
the work progressed surprisingly quickly for the lecturers considering the number of essays they
had to grade. It was also stimulating to read the students’ various solutions in these essays in
comparison with the often tedious grading of answers to the same questions in an ordinary final
exam. In addition it provided the means to follow the progress, or lack of it, of each student as the
course went on, something that is not possible from a final exam alone. The fact that the students
came well prepared to each lecture resulted in insightful questions and comments from the
students, something that stimulated the lectures rather than halting them.


Conclusions


The application of continuous summative assessment in the form of ‘Five-minute’ essays after
each lecture, combined with direct feedback, resulted in a strong positive correlation between
obtained grades and time into the course. More and more students reached a higher level of under-
standing. The assessment technique was appreciated by the students, though some found it too
stressful. There was no significant difference in this appreciation based on gender. The grades on
essays showed no significant gender-based difference but there might be a difference in approach
between female and male students. The continuous assessment provided good insight into the
students’ progress and facilitated the means to give the students direct feedback. The ‘Five-minute’
essay may in many teaching situations prove to be a favourable alternative to more traditional
assessment techniques such as the written final exam.
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Abstract Frequent testing provides opportunities for students to receive regular
feedback and to increase their motivation. It also provides the instructor with
valuable information on how course progresses, thus making it possible to solve
the problems encountered before it is too late. Frequent tests with noncumula-
tive contents have been widely analysed in the literature with inconclusive results.
However, cumulative testing methods have hardly been reported in higher educa-
tion courses.


This paper analyses the effect of applying an assessment method based on
frequent and cumulative tests on student performance. Our results show that, when
applied to a microeconomics course, students who were assessed by a frequent,
cumulative testing approach largely outperformed those assessed with a single
final exam.


1 Introduction


Motivated students have a good basis for learning. Since the assessment method
used in a course can drive students’ motivation, it is of paramount importance to
design assessment methods that properly motivate students to learn. As expressed
by Biggs and Tang (2007, 163), “what and how students learn depends to a major
extent on how they think they will be assessed”.


Testing, as a part of the assessment procedure, is more than simply taking
a sample of what students have learned. It promotes learning, even in the case
in which no explicit feedback is provided (Dempster, 1991). However, providing
prompt and proper feedback increases motivation and learning to a greater extent
(Race, 1995; Dochy, 2008; Kuo and Simon, 2009).


When testing is performed frequently, students can receive regular feedback,
which enhances their motivation. By increasing frequency of testing, class atten-
dance also improves since students might fear missing a test, and consequently
part of the course grade (Leeming, 2002; Kling et al, 2005). Moreover, a higher
attendance rate helps improve student learning (Chen and Lin, 2008). However, it
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should be bear in mind that testing might involve unintended consequences such
as increased test anxiety and stress (Dochy, 2008).


Frequent testing also generates feedback the other way round. The student-
to-instructor feedback provides educators with valuable information on how the
course progresses, and allows them to identify students’ weaknesses and strengths,
and to distribute class time accordingly.


A wide variety of research studies has analysed the effect of different test
frequencies on students’ achievement in higher education courses. Although some
of these works found that test frequency is positively related to student academic
performance (Miller, 1987; Casem, 2006), most described an ambiguous relation
(Fulkerson and Martin, 1981; Deck, 1998; Haberyan, 2003; Kling et al, 2005).
The common ground for these studies is that they focus on tests that cover non-
cumulative contents. This way of designing assessment activities contrasts with
the perspective of the psychological theory, which considers that learning improves
when the same material is repeated in all the learning activities (Kuo and Simon,
2009). For this reason, an assessment method based on frequent, cumulative testing
could potentially improve learning. However, this methodology applied to a higher
education course has hardly been explored in the literature.


The main purpose of this article is to analyse the effect of frequent testing when
implemented in a cumulative fashion, and also its influence on higher education
students’ performance. Cumulative means that each test includes all the materials
from the beginning of the course. This method was applied to an intermediate
microeconomics course and was put into practice as weekly cumulative tests. The
analysis was performed by considering three different points of view: i) comparing
the academic performance of frequently tested students with others who were less
frequently tested; ii) collecting students’ impressions about the assessment method;
and iii) testing the validity of the assessment method.


2 Literature Review


2.1 Feedback and motivation


The behaviourist approach bases the learning process on the reward expected
after following a behaviour (Skinner, 1974). Grades can be viewed as extrinsically
motivating drivers since they are material rewards offered by lecturers to reinforce
good studying behaviour (Adelman and Taylor, 1990). Thus the assessment and
grading play an essential role in the learning process.


Assessment has been traditionally categorised into two types: summative and
formative (Scriven, 1967). While summative assessment measures student achieve-
ments up to a certain point, the main purpose of formative assessment is to provide
students with feedback (Taras, 2005; Trotter, 2006) to help them be fully aware of
the standards that are expected of them, as well as their achievement level. This
feedback is actually two-way (Brown et al, 1997; Boston, 2002; Yorke, 2003; Mar-
riott and Lau, 2008) since it also provides instructors with a useful performance
indicator of their teaching techniques. When it is timely, feedback allows students
and lecturers to reshape their learning/teaching methods (Yorke, 2003; Nicol and
Macfarlane Dick, 2006). In fact, assessment can be used as a means to consolidate
and steer learning (Dochy, 2008).
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Since feedback gives students the opportunity to reflect on their progression,
it should be frequent and timely. That is, feedback has to be provided when it
is still useful to identify and correct any deficiencies (Chickering and Gamson,
1987; Crooks, 1988; Gibbs and Simpson, 2005; Marriott, 2009). For this reason,
a formative assessment scheme is a powerful practice that underpins high-quality
learning and teaching; gauges student progress and provides them with suitable
support by means of timely, effective feedback. Likewise, it encourages personal
reflection and involvement in the students’ learning process (Marriott, 2009).


Motivation should be promoted by good feedback practice (Nicol and Mac-
farlane Dick, 2006). As mentioned above, designing an assessment method that
allows instructors to give regular feedback to students is of capital importance
since feedback also plays a powerful motivational role.


However, the provided feedback should be the ‘good’ one. Just giving marks
to students poorly contributes to the learning process and can even prove very
damaging as it favours social comparisons, which may discourage students who
have problems to perform or weak self-esteem (Gibbs and Simpson, 2005). What
students need to know is in which questions they have badly performed and why to
have the chance to improve (then they feel motivated because of the expectations
of a new opportunity).


Although students may have similar levels of motivation to perform a given
task, their internal motivation (i.e., self-generated motivation, interest in the sub-
ject, learning goals) may be different in nature (Marriott, 2009). In this vein,
lecturers can have a (positive or negative) impact on students’ external motiva-
tion (Nicol and Macfarlane Dick, 2006) as they may influence their point of view
of the subject and their involvement in the assessment process (Marriott, 2009).


2.2 Frequent testing


Assessment frequency needs to be designed to benefit both students and lectur-
ers (Marriott, 2009). Following Kuh (2003), the more the students practice and
get feedback on their performance in a given subject (including writing, analysis
and problem solving), the more skillful and capable they become. In addition, fre-
quent testing and regular feedback help reduce anxiety related to one shot testing
(Crooks, 1988).


The relation between frequency of exams and student achievement has been
largely studied in a wide variety of frequencies. However, most of these studies
obtained ambiguous results.


Deck (1998) and Kling et al (2005) examined students’ performance in final
exams of marketing courses. Both research works compared the effects of taking
weekly tests versus monthly tests, with no overlapping test content in both fre-
quencies; i.e. non-cumulative contents. Neither work was able to conclude that
the frequent-tested group performed better than the control group. Similar re-
sults were described by Fulkerson and Martin (1981) when considering two-weekly
versus monthly tests for a psychology course. They also considered tests with no
overlapping test contents.


The experiment reported by Casem (2006), however, showed a positive relation
between test frequency and student performance. In this work, the students in a
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biology course that took nine tests per semester better performed than those taking
only three. Here tests with no-overlapping content were also implemented.


De Paola and Scoppa (2011) identified two effects related to increased exam
frequency: workload division effect and feedback provision effect. Their study anal-
ysed two introductory economics courses in which a setting of two non-cumulative
exams per semester was compared to a final examination method. The results
showed that students who were more frequently tested obtained higher grades
than those examined only once. The authors found that this was due exclusively
to the workload division effect, whereas the feedback provision effect was insignif-
icant.


The ambiguity as to how test frequency and its related feedback affect students’
performance may be caused by the non-cumulative nature of the tests under study.
According to Dempster (1991), the use of cumulative questions in tests is essential
to learn effectively. In the same vein, Kuo and Simon (2009) mentioned that,
following the psychological literature, the positive effect of frequency is found when
the same material is repeated in all learning activities. However, higher education
experiences of frequent and cumulative tests are scarce.


In short, the literature review on feedback, motivation and testing suggests
that frequent testing can increase motivation as students develop self-efficacy, be-
come more engaged and feel less anxious before taking an exam. This assessment
method may also help them acquire more profound and long-lasting knowledge.
To reinforce these findings, more research in this line has to be done.


3 Assessment method


3.1 Course


The method under study was applied to an intermediate microeconomics course
taught at the Universitat Politècnica de València (Spain) during the academic year
2011. This is a mandatory course taught during the second semester of the first
year of the Bachelor Degree in Business Administration and Management, which
has a scope of 240 credits over four academic years. This microeconomics course
includes 6 credits representing 60 hours of teaching activity.


The frequent cumulative testing method described below accounted for 85% of
the course grade, and the activities done in labs represented the remaining 15%.
These activities consisted in four sessions where students had to develop a project
related to the course contents, which had to be presented orally during the last
lab session. The grading system in Spanish universities follows a numerical scale,
for which a minimum of 50% of the total score is required to pass the course. For
this reason, grade and score will be used interchangeably in the remainder of the
paper.


3.2 Frequent Cumulative Testing (FCT)


The frequent cumulative testing (FCT) method was designed to replace the final
exam. Students were assessed by hand-written in-class tests that were taken most
of the weeks throughout the semester. By the end of the semester, ten tests had
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been taken by students, and the average score accounted for 85% of the course
grade. Additionally, two extra tests were scheduled for allowing students to make
up two missed or low-scored tests. This evaluation system was compulsory for all
the students, who had no option to sit a final examination to pass the course.


These tests had three specific characteristics: firstly, they lasted 30 minutes.
The aim of this short duration was to promote the development of the ability to
solve problems quickly, and to prevent tiredness.


Secondly, tests were prepared to cover all the content taught to date. The inten-
tion of this cumulative content nature was to help students consolidate the knowl-
edge acquired as they had to revise learned material week after week. Roughly, half
of the test dealt with recent contents (taught in the last 2 weeks), while the other
half dealt with content taught earlier. As more contents were covered, fewer ques-
tions per already tested content were asked to maintain the 30-minute duration in
all the exams. Students were aware of this test structure in advance.


Finally, two types of tests were prepared: multiple choice and problem or es-
say question tests. These test types were taken on alternative weeks. Hence both
theoretical and applied learning were tested. Multiple choice tests, which included
between 10 and 12 questions with four options, were automatically corrected with
optical mark recognition (OMR) software. Problem or essay question tests included
one to three questions.


To allow students to receive prompt feedback, suggested answers were imme-
diately handed out in class and posted online to facilitate their revision. Marks
were also made available on the same day the test was done or the next day at
the latest. The fact that answers and marks were quick published provided stu-
dents with timely feedback on their performance, and enabled them to identify
and amend their weaknesses in good time.


Feedback was also useful in the students-to-instructor direction since it allowed
us to quickly detect weaknesses. For this reason, the questions that the majority
of students got wrong, as well as related topics, were tackled in class to ensure
that they were well understood.


4 Empirical Analysis


As mentioned above, the main objective of this study was to evaluate the influence
of applying a frequent cumulative testing (FCT) scheme on students’ performance.
For this purpose, an empirical analysis taking three different perspectives into
account was performed.


In the first part, students’ academic performance was evaluated by a statistical
analysis. Data from the academic year in the FCT scheme were compared to data
from the previous year in which a final exam (FE) method was followed. The
analysis particularly focused on the impact that the assessment method had on
exam scores and pass rates.


In the second part, student opinions on the assessment method were analysed
to obtain a wider view of their perspective. To this end, students in the FCT
group were asked to freely and anonymously write their opinion on the assessment
method on the last day of class. Written opinions were analysed by outlining the
main ideas of each student and then they were classified by a thematic approach.
In this way, it is possible to draw general conclusions on each topic.
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Finally, the third part analysed a questionnaire that was completed by the
students assessed by the FCT scheme. It was designed following the guideline
provided by Dochy (2008) to evaluate the edumetric quality aspects of educational
assessment. Specifically, the questionnaire evaluated the validity of the assessment
tasks, the validity of the assessment scoring and the consequential validity of the
assessment method.


4.1 Comparing student academic performance


This subsection aimed to provide a quantitative assessment of the outcomes of
the FCT method described above. As mentioned earlier, academic performance
of the students under FCT treatment was compared to the performance of those
students that took the course during the previous academic year, in which a final
examination (FE) method was followed. Particularly, the analysis focused on how
the assessment method affected the probability of passing the exam and the exam
scores obtained by students.


Students following the final examination method were required to pass a single
exam covering all the course contents to earn the credits. This exam, which took
the same structure as that of the tests prepared for FCT students, accounted for
90% of the course grade. It combined essay and multiple choice questions retrieved
from the same test bank. Lab sessions were organised in the same way in both
years. If a student failed his/her first chance to pass the course, he/she had only
one chance to retake it 3 months later. All the results presented herein refer to the
exam result of their first opportunity. Accordingly, these results were compared to
the first chance of passing under FCT; that is, excluding the two make-up tests.


4.1.1 Data


The data set used in these analyses included graded students of three microeco-
nomics course classes. One of the classes (48 students) was assessed by the FCT
method, while the other two (101 students) were assessed by an FE method. The
three classes were taught by the same instructor to avoid biases in teaching. A few
exchange students attended the course both years, but they were not included in
the data set because most of the control data for them were missing.


Table 1 provides descriptive statistics for the variables included in the study.
Score is expressed as a percentage of the highest potential score, the final exam
score for students assessed by the FE method and the average of the ten in-class
test scores for students assessed by the FCT treatment. To allow a fair comparison,
make-up tests were not considered in both methods. Therefore, tests missed by
FCT students were considered to score 0 points. In this case, the average grade
for the considered cohort was about 53%. Pass is a dummy which takes a value
of 1 if the student passed the exam. According to the Spanish higher education
grading system, this occurs when the exam score is more than 50% of the highest
possible score.


Some control variables were also included to capture the individual character-
istics that might affect academic performance, apart from the assessment method.
All the control variables were retrieved from university records and are expressed
as follows: Female is a dummy to control for students’ gender that was included
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Table 1 Descriptive statistics


Variable Obs Mean Std. Dev. Min Max
Pass 149 0.611 0.489 0 1
Score 149 52.998 17.46 12 95.1
FCT 149 0.322 0.469 0 1
Average 149 66.832 6.316 52 90
Female 149 0.611 0.489 0 1
Enrolled Credits 149 60.97 10.169 30 94.5
Acquired Credits 149 41.265 11.983 6 84
Retake 149 0.027 0.162 0 1


because results on testing frequency may differ depending on gender. For instance,
the literature suggests that males perform better in final exams and worse in con-
tinuous assessment methods than females (McNabb et al, 2002). This suggestion
falls in line with the females’ preference for continuous assessment, as found by
other research work (Furnham and Chamorro-Premuzic, 2005; Cano, 2011). Av-


erage, which ranges from 50 to 100, represents the students’ grade point average
(GPA). This variable encompasses data for all the courses taken during the first
academic year, except for the course which is being analysed in this paper. Acquired


credits represents the credits for the courses passed, apart from the course under
study. Both Average and Acquired credits are expected to positively relate to the
course grade. In contrast, Enrolled credits, which account for students’ workload
during the year, are expected to negatively affect student performance. Retake is
a dummy that equals 1 when students are retaking the course. As Eikner and
Montondon (2001) suggested, retaking the course may have an impact on stu-
dents’ expectations and performance. According to their study, which consisted
in finding factors of success in an intermediate accounting course, students who
were retaking the course better performed in pretests than first-time students, but
worse in final grades. However, other studies have found evidence that students
retaking the course achieved higher course grades if compared with first-time ones
(Emerson and Mencken, 2011).


Since student assignment to classes was not randomised, it is important to
check that individual characteristics are similar across treatments. Table 2 com-
pares the control variables for both assessment methods. As observed, the pro-
portion of female students is higher in those groups assessed with the final exam
method (64% vs. 54%), as was the proportion of students retaking the course (3%
vs. 2%). The students in the FCT group acquired more credits (42 vs. 40.9) with
a slightly higher GPA at the end of their first academic year (67.3% vs. 66.6%),
whereas they were enrolled in fewer credits (58.75 vs. 62). Although none of the
described differences was statistically significant at the 5% level, this should be
cautiously interpreted because the sample was not random and some differences
in unobservable variables might exist.


4.1.2 FCT effects on exam scores


This section aims to quantify the effect of applying a frequent cumulative testing
method on exam scores. For this purpose, several linear regressions in the course
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Table 2 Student characteristics across the FCT and FE groups


Means Differences
FCT FE FCT vs. FE


Average 67.333 66.594 0.739
(1.109)


Female 0.542 0.644 -0.102
(0.086)


Enrolled Credits 58.750 62.025 -3.275
(1.768)


Acquired Credits 42.000 40.916 1.084
(2.112)


Retake 0.021 0.030 -0.009
(0.029)


Standard errors in parentheses


exam score were tested. These regressions are specified as follows:


Scorei = β0 + β1FCTi + φXi + εi (1)


where Scorei is student i’s exam score, FCTi is a dummy that equals 1 when
student i followed the FCT method, and Xi is a vector of the control variables for
student i. The estimation results are summarised in Table 3.


The regression shown in column 1 includes the assessment method as the only
regressor on the exam score, with no other controls. According to the estimations,
the application of FCT significantly affected students’ scores, which increased by
12 percentage points if compared to the final exam score method. The effect of
FCT was still strong and statistically significant when the control variables were
included in the regression, as column 2 shows.


The marginal effects of the control variables displayed the expected behaviour.
Variables related to student performance in other courses (Average and Acquired


credits) positively affected student performance in the course under study. The
variable relating to students’ workload during the academic year (Enrolled credits)
had, as expected, a negative impact on their exam scores. The effect of the Female


variable was ambiguous a priori since the tests included both multiple choice and
essay questions (Lumsden et al, 1987). Similarly, no hypothesis was assumed about
the effect of retaking a course.


Columns 3 and 4 examine the effect of FCT on males and females separately.
The coefficients on the treatment variable apparently show that the effect of FCT
was stronger on females (their grades increased by 10.4 points) than on males (their
grades increased by 7.6 points). This difference could be in line with females’ higher
preference for continuous assessment, which has been found by other research work
(Furnham and Chamorro-Premuzic, 2005; Cano, 2011). However, if the interaction
term between the assessment method and students’ gender was included in the
regression (see column 5), its effect was non-significant. That is, the effect of FCT
on exam scores was similar for male and female students.


4.1.3 FCT effects on pass rates


Similarly to what has been previously shown for estimating marginal effects on
course grades, this section aims to quantify the impact of a frequent cumulative
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Table 3 Estimates of the effect of the assessment method on exam scores. Dependent variable:
Score


( 1 ) ( 2 ) ( 3 ) ( 4 ) ( 5 )
All All Males Females All


FCT 12.113∗∗∗ 9.659∗∗∗ 7.601∗∗ 10.377∗∗∗ 8.292∗∗∗


(3.700) (1.214) (3.115) (0.490) (2.738)
Average 1.606∗∗∗ 1.617∗∗∗ 1.563∗∗∗ 1.591∗∗∗


(0.194) (0.359) (0.233) (0.214)
Acquired credits 0.271∗∗∗ 0.142 0.350∗∗∗ 0.270∗∗∗


(0.102) (0.178) (0.124) (0.102)
Female -1.734 -2.516


(1.629) (2.189)
FCT × Female 2.379


(2.697)
Enrolled credits -0.327∗∗∗ -0.404∗∗∗ -0.325∗∗∗ -0.329∗∗∗


(0.089) (0.136) (0.117) (0.0851)
Retake 20.408∗∗∗ 16.787∗∗ 24.922∗∗∗ 19.940∗∗∗


(5.467) (6.388) (8.037) (6.190)
Constant 49.160∗∗∗ -48.248∗∗∗ -37.982 -50.719∗∗∗ -46.516∗∗∗


(3.700) (9.740) (25.269) (7.822) (11.265)
R-squared 0.106 0.608 0.670 0.587 0.609
Observations 149 149 58 91 149


Robust clustered standard errors in parentheses (clustered by class)
∗ (p ≤ 0.1), ∗∗ (p ≤ 0.05), ∗∗∗ (p ≤ 0.01)


testing method on the probability of passing course examinations. Formally, the
logit model used to estimate this probability can be expressed as:


Prob(Passi) =
1


1 + e−Zi


Zi = β0 + β1FCTi + φXi


(2)


where Passi takes the value of 1 when student i passed the exam, FCTi equals
1 if student i followed the frequent cumulative testing method, and Xi represents
the vector of the control variables. A positive value for the β1 coefficient indicates
a positive relation between the FCT method and the probability of passing the
exam. Table 4 reports the estimates for the equivalent specifications to those in
Table 3.


Column 1 presents the estimation results for the specification in which no
control variables were included. These results show that the odds ratio of passing
the exam with the FCT method was 9.30. The estimation of this effect became even
better when the control variables were included in the specification (see column
2). As observed, the effects of the control variables were similar to their effects on
the course score, and they also presented the expected direction.


Unlike what was found for exam scores, the marginal effect of the assessment
method was apparently more marked for male students than for their female coun-
terparts, as columns 3 and 4 show. To further investigate this difference, the in-
teraction term between the assessment method and gender was included in the
logistic regression. Column 5 presents the estimation for this equation, in which
the interaction term had a non-significant coefficient. Therefore, the assessment
method similarly affected both genders.
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Table 4 Estimates of the effect of the assessment method on the probability of passing the
exams. Dependent variable: Pass


( 1 ) ( 2 ) ( 3 ) ( 4 ) ( 5 )
All All Males Females All


FCT 2.230∗∗∗ 3.062∗∗∗ 3.176∗∗∗ 2.717∗∗∗ 3.260∗∗∗


(0.314) (0.397) (0.989) (0.101) (0.635)
Average 0.260∗∗∗ 0.263∗∗ 0.267∗∗∗ 0.264∗∗∗


(0.043) (0.105) (0.021) (0.264)
Acquired credits 0.028 0.037 0.032∗∗ 0.029


(0.024) (0.054) (0.013) (0.025)
Female 0.502 0.590


(0.583) (0.704)
FCT × Female -0.585


(0.750)
Enrolled credits -0.035∗ -0.051 -0.035 -0.035∗


(0.019) (0.052) (0.024) (0.020)
Retake 3.960∗∗ 2.191 10.403∗∗∗ 4.405∗∗


(1.939) (1.368) (1.062) (2.047)
Constant -0.0785 -16.792∗∗∗ -16.367∗∗ -16.709∗∗∗ -17.180∗∗∗


(0.3142) (2.480) (8.312) (0.858) (2.033)
Pseudo R-squared 0.222 0.573 0.603 0.568 0.574
Observations 149 149 58 91 149


Robust clustered standard errors in parentheses (clustered by class)
∗ (p ≤ 0.1), ∗∗ (p ≤ 0.05), ∗∗∗ (p ≤ 0.01)


4.2 Students’ comments on the assessment method


During the last class of the academic year, students were asked to complete a
questionnaire about the FCT method (which is analysed below), and to optionally
write their opinion on this assessment scheme anonymously. This was done to
obtain a broader view of their perspective. Nine of the 48 students in the FCT
group wrote some valuable comments, which were classified into three main themes
to make their analysis easier.


FCT contributed to work more frequently.The initial purpose of introducing weekly
tests was to prevent cramming exams near the end of the semester, which in
previous years led to surface learning and poor academic performance. With FCT,
students were forced to work seriously on the course from the very first day of
class. Despite students being reluctant to study every week at the beginning, most
of them expressed that taking a weekly exam made them study more frequently
than otherwise1.


I think that the followed assessment method is quite correct since it allows
us to keep up to date with the course and permits the exam to cover all
the materials presented in class (Student 4)


In general, the experience of this new assessment mode is positive. It helped
me to learn and to study more frequently (Student 1)


Some of the students also reported that studying frequently made it easier to
pass the course, if compared to an assessment method that centres on a final exam.


1 It should be noted that students’ comments were translated into English, and the accuracy
in what students wanted to transmit may have been somewhat lost.
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If you make some effort throughout the semester, it is not difficult to pass
(Student 8)


I think that this assessment method is not as hard as a final exam and,
at the same time, it gives us a chance to get higher marks than in a final
exam (Student 5)


Weekly tests give you the opportunity to avoid the risk of sitting a final
exam (Student 6)


FCT helped increase learning and academic performance.Improving students’ aca-
demic performance and, therefore, their learning, was the main purpose to imple-
ment the FCT scheme. Although the effects of this assessment method on academic
performance have been analysed above, improvements in learning and performance
were also emerging themes in the students’ comments. Despite the fact that stu-
dents’ perception of their increased learning and academic performance was not
enough to infer that FCT actually contributes to this improvement, this percep-
tion reflected a positive attitude, which undoubtedly contributes to the learning
process. Around half the students’ comments were in this direction.


I think that the method employed in class led to good outcomes for most
students. In the end, I think it is worth making the effort to sit weekly tests
(Student 9)


I liked the assessment method. It made it easy to learn and the course
seemed easier to pass (Student 7)


The assessment method was pertinent and appropriate to help retain knowl-
edge in your mind (Student 2)


Personally, I very much liked the assessment mode of this course. Sitting
tests made me to study every week. I think that this way of evaluating
is advantageous for all students. I feel that I have learned lots of things,
beyond test scores (Student 3)


Negative effects.Only one student described some cons of being frequently tested.
This comment was related to the little grade weight given to each test. In our
opinion, obtaining most of the course grade progressively allows students to work
only to ensure that they have obtained the desired grade, and then they can spend
time on studying other courses with final exams.


I think that sitting so many exams means that, in the end, one makes less
effort in it (Student 1)


4.3 Quality aspects of FCT as an assessment method


This section analyses the replies to a questionnaire on the frequent cumulative
testing method. It was designed following the guideline provided by Dochy (2008)
to evaluate the edumetric quality aspects of educational assessment. It was handed
out during the last class of the semester, when some students had already passed
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the course, so the attendance rate was lower. This meant that completed question-
naires were collected from 34 students (population=48), which is a response rate
of 71%. The questionnaire, which consisted in eight items measuring the validity
of the assessment method, is presented in Appendix 1.


The first item related to the validity of the assessment tasks. A set of assessment
tasks is valid when the content specifications properly match the competence mea-
sured. Questionnaire responses yielded a positive result since over 90% of students
agreed/strongly agreed that FCT had completely covered the microeconomics con-
tent (see Appendix 1).


The purpose of evaluating the validity of assessment scoring was to identify
possible weaknesses when interpreting scoring, for which the subsequent five items
(2-6) were used. The results showed that over 80% of students agreed with four
of them, which means that the assessment criteria were appropriately used and
seemed fair for all the students. Only in statement 4, “FCT lets you show your
learning”, did the percentage of students who agreed with it lower to 59%. This
lower, although favourable value, is consistent with the study of Nowell and Alston
(2007) about the overconfidence that students often exhibit in economic courses
as they consistently overestimate their grades.


The last two sentences in the questionnaire are related to consequential as-
sessment validity. Student responses revealed that actual assessment consequences
are in line with the expected ones. In this context, it is worth noting that, after
considering the responses to statement 8, FCT provided students with relevant
feedback to make progress.


Overall, the questionnaire responses showed that FCT meets the quality re-
quirements that student-centred assessment modes should follow.


5 Conclusions


This paper has analysed the effect of implementing an assessment method based on
frequent, cumulative testing in an intermediate microeconomics course. The results
of this research evidence that this method should be considered by economics in-
structors. Students who were assessed by the frequent cumulative testing approach
largely outperformed those assessed with a single final exam. FCT, as the main
assessment method in the course, induced students to work on a weekly basis,
rather than cramming work in for the final exam at the end of the semester. This
evaluation method was also perceived very positively by students, who considered
it to be valid and motivating. This fact encouraged us to use it in subsequent
years.


Our study also shows the positive effects of FCT on both scores and pass
rates. Frequent testing allowed students to receive prompt, timely feedback at a
time when which they still had time to react. A cumulative basis allowed them to
go more deeply into knowledge and find relations between the concepts explained
throughout the semester. Our results support the findings of Casem (2006) and
De Paola and Scoppa (2011) about frequent testing, but by considering cumulative
rather than non-overlapping tests.


Cumulative testing also enabled students to measure their efforts. This effect
can be considered negative since some students, once they were about to achieve
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their desired grade, displayed reduced external motivation and academic perfor-
mance. Although this was not common, very few students seemed to adopt this
behaviour.


One of the concerns that instructors had before putting FCT into practice
was loss of class time derived from conducting the tests. However, the fact that
students revised the whole course content weekly allowed them to form stronger
grounds, which made them understand new contents more easily and learn faster.
Despite spending 30 minutes each week, the whole course content was covered by
the end of the academic year.


The main drawback of FCT is probably the extra effort made by instructors to
mark tests and the difficulty to apply it to larger classes, unless computer-based
tests are used. This drawback was partially alleviated by the fact that 50% of
tests consisted in multiple choice questions, which were marked automatically by
optical mark recognition software. In any case, the tests including essay questions
or problems should be carefully prepared to make them easy to mark. The prompt
availability of test solutions and marks also reduced the number of situations in
which students disagreed with their test marks.


This study has several limitations. Firstly, the research was not based on an
experimental design. Although appropriate control variables were included for in-
dividual student characteristics, it is possible that other factors were confounded
when the FCT method was adopted. This, together with the small sample size,
limits the generalisation of the results. Another limitation of this work is that,
as the only comparison made was between the final exam assessment method re-
sults and the FCT method results, no data about another form of frequency in
taking exams is available. That is, the study cannot provide evidence that this
assessment frequency is the optimum choice to obtain the best gains in student
learning. However, this is the first work to explore weekly and cumulative tests as
the main assessment method in a higher education course and, despite the limi-
tations, this method yielded better student performance. Further research in this
direction could confirm these findings.
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Abstract


Assessment plays a critical role in learning and teaching


and its power to enhance engagement and student out-


comes is still underestimated in tertiary education. The cur-


rent project considers the impact of a staged redesign of an


assessment strategy that emphasized relevance of learning,


formative assessment, student engagement, and feedback


on student performance, failure rates and overall engage-


ment in the course. Significant improvements in final


grades (p < 0.0001) and written performance (p < 0.0001) in


the final examination were noted that coincided with


increased lecture attendance and overall engagement in the


course. This study reinforces the importance of an inte-


grated approach to assessment that includes well developed


formative tasks and a continuous summative assessment


strategy. VC 2016 by The International Union of Biochemistry


and Molecular Biology, 44(4):412–420, 2016.


Keywords: curriculum assessment; learning and curriculum


design; medical education; tertiary-specific education


Introduction
The pervading epistemological belief of biochemistry is that
it is a difficult discipline where students struggle to find
enduring relevance [1, 2]. By nature, Metabolic Biochemis-
try as a course contains a large amount of content. A sig-
nificant portion of didactic teaching has been utilised in the
past for this discipline and is widely considered necessary
in biochemical education [3]. Such heavy reliance on the
didactic methodology has been suggested to perpetuate stu-
dents’ difficulty with biochemistry [1, 4], and was consid-
ered a contributing factor in the challenges experienced in
the cohorts studied in this project.


Metabolic Biochemistry at the Griffith University School of
Medical Science is a semester long (13 week), second year
course, that is a prerequisite for bachelor degrees in Biomedi-
cal Science, Health Science, Medical Science, Biomolecular
Science and Nutrition and Dietetics. The course is designed


with four typically transmissive-style lectures per week of one
hour duration and fortnightly laboratory sessions of three
hours. Over a number of years the teaching team experienced
difficulty motivating the class and maintaining student engage-
ment throughout the semester. Secondary to the engagement
issue, students consistently displayed difficulty answering long
answer questions on the final examination, with high failure
rates in these questions and in the course overall.


When considering the constructive alignment frame-
work presented by Biggs [5] it appeared that the assess-
ment strategy although aligned with the learning objectives
for the course, sat removed from the student learning expe-
rience and was structured as an assessment OF, rather
than FOR, learning [6]. It is widely recognized that assess-
ment is important in driving student learning [7], shaping
student outcomes and improving teaching practice [8, 9],
and as such a redevelopment of the assessment strategy
was considered that drew upon a learning-oriented frame-
work [10] for this second semester second year Metabolic
Biochemistry course from 2009 to 2011.


Methods
Changes to the Course Assessment
In redeveloping course assessment a much greater empha-
sis was placed on: [1] formative assessment and the use of
the online learning environment, previously demonstrated
to have a positive impact on the student learning


Volume 44, Number 4, July/August 2016, Pages 412–420
*Address correspondence to: School of Medical Science, Menzies
Health Institute, Griffith University, Southport, Queensland, Australia.
E-mail: J.vanderlelie@griffith.edu.au.
Received 14 September 2015; Revised 13 January 2016; Accepted 26
January 2016
DOI 10.1002/bmb.20962
Published online 23 March 2016 in Wiley Online Library
(wileyonlinelibrary.com)


Learning-Oriented Assessment Increases


Performance and Written Skills in a Second


Year Metabolic Biochemistry Course


412 Biochemistry and Molecular Biology Education







D
e


ta
il


o
f


th
e


a
s
s
e


s
s
m


e
n


t
s
tr


a
te


g
y


fo
r


M
e


ta
b


o
li
c


B
io


c
h


e
m


is
tr


y
fo


r
th


e
p


e
ri


o
d


2
0


0
7


–
2


0
1


1


P
ri


o
r


to
2


0
0


9
2


0
0


9
2


0
1


0
2


0
1


1
S


ig


L
a


b
S


tr
u


c
tu


re
&


W
e


ig
h


ti
n


g


5
la


b
s


2
0


%
5


la
b


s
2


0
%


5
la


b
s


2
0


%
5


la
b


s
2


0
%


1
w


ri
tt


e
n


re
p


o
rt


1
w


ri
tt


e
n


re
p


o
rt


1
w


ri
tt


e
n


re
p


o
rt


1
w


ri
tt


e
n


re
p


o
rt


1
th


e
o


re
ti


c
a


l
e


x
a


m
1


th
e


o
re


ti
c
a


l
e


x
a


m
1


th
e


o
re


ti
c
a


l
e


x
a


m
1


p
ra


c
ti


c
a


l
e


x
a


m


M
e


a
n


8
2


.2
2


6
9


.7
3


7
8


.9
5


6
1


0
.1


1
7


4
.1


4
6


9
.0


5
^


8
1


.4
5


6
8


.7
0


*
*


N
S


^
p
<


0
.0


0
0


1


R
a


n
g


e
6


.9
0


–
9


5
.6


7
3


4
.5


–
9


7
.0


1
2


.5
–
9


3
.4


5
3


.5
–
9


4
.8


3


F
a


il
%


1
.6


0
.9


8
3


.4
0


Q
u


iz
ze


s
S


tr
u


c
tu


re
&


W
e


ig
h


ti
n


g


3
Q


u
iz


ze
s


2
0


%
3


Q
u


iz
ze


s
3


0
%


3
Q


u
iz


ze
s


3
0


%
1


0
Q


u
iz


ze
s


1
0


%


�
3


0
M


C
Q


�
3


0
M


C
Q


�
2


0
M


C
Q


�
1


0
M


C
Q


�
1


0
m


a
rk


s


S
h


o
rt


a
n


s
w


e
r


M
e


a
n


7
0


.1
4


6
1


3
.9


1
6


9
.5


1
6


1
5


.0
8


6
8


.1
0


4
6


1
6


.2
0


7
2


.0
8


6
1


1
.8


3
*


*
N


S


R
a


n
g


e
1


2
.7


3
–
9


4
.5


0
2


2
.0


–
9


8
.0


2
9


.9
7


–
9


6
.0


1
5


3
9


–
9


2


F
a


il
%


8
.6


9
.8


1
5


.1
7


3
.4


M
id


S
e


m
e


s
te


r


e
x


a
m


S
tr


u
c
tu


re
&


W
e


ig
h


ti
n


g


1
h


o
u


r
e


x
a


m
2


0
%


�
3


0
m


a
rk


s
s
h


o
rt


a
n


s
w


e
r


�
1


0
m


a
rk


s
lo


n
g


a
n


s
w


e
r


M
e


a
n


6
9


.5
6


6
1


7
.5


7


R
a


n
g


e
1


1
.2


5
–
9


7
.5


F
a


il
%


1
4


.2


C
re


a
ti


v
e


g
ro


u
p


p
ro


je
c
t


S
tr


u
c
tu


re
&


W
e


ig
h


ti
n


g


5
m


in
u


te


c
re


a
ti


v
e


m
u


lt
im


e
d


ia


p
ro


je
c
t


1
0


%


M
e


a
n


8
.8


6
6


0
.9


3
6


R
a


n
g


e
4


.6
–
1


0
.0


F
a


il
%


0
.7


T
A


B
L


E
I


Vanderlelie and Alexander 413







(C
o


n
ti


n
u


e
d


)


P
ri


o
r


to
2


0
0


9
2


0
0


9
2


0
1


0
2


0
1


1
S


ig


F
in


a
l


E
x


a
m


S
tr


u
c
tu


re
&


W
e


ig
h


ti
n


g


3
h


o
u


r
e


x
a


m
6


0
%


3
h


o
u


r
e


x
a


m
5


0
%


3
h


o
u


r
e


x
a


m
5


0
%


3
h


o
u


r
e


x
a


m
4


0
%


�
8


0
M


C
Q


�
2


0
M


C
Q


�
2


0
M


C
Q


�
2


0
M


C
Q


�
8


0
m


a
rk


s
s
h


o
rt


a
n


s
w


e
r


�
1


4
0


m
a


rk
s


�
1


0
0


m
a


rk
s


�
1


0
0


m
a


rk
s


�
1


4
lo


n
g


a
n


s
w


e
r


�
1


0
lo


n
g


a
n


s
w


e
r


�
1


0
lo


n
g


a
n


s
w


e
r


M
e


a
n


5
8


.5
4


6
1


5
.8


9
5


8
.9


2
6


1
8


.8
7


5
9


.1
7


6
2


1
.6


6
7


6
.1


3
6


1
6


.2
4


*
*


p
<


0
.0


0
0


1


R
a


n
g


e
1


5
.6


8
–
9


0
.6


2
0


.3
2


–
9


5
.9


3
8


.3
4


–
9


7
.9


2
2


5
.8


3
–
9


8
.3


3


F
a


il
%


3
4


.5
3


1
.3


7
1


8
.6


6
.8


*
*


p
<


0
.0


0
0


1


F
o


rm
a


ti
v


e


a
s
s
e


s
s
m


e
n


t


S
tr


u
c
tu


re
&


W
e


ig
h


ti
n


g


6
W


o
rk


s
h


o
p


s
6


W
o


rk
s
h


o
p


s
6


W
o


rk
s
h


o
p


s
6


W
o


rk
s
h


o
p


s


1
2


O
n


li
n


e


q
u


iz
ze


s


1
2


O
n


li
n


e
q


u
iz


ze
s


1
2


C
a


s
e


s
tu


d
ie


s


F
in


a
l


g
ra


d
e


M
e


a
n


6
8


.1
8


6
1


1
.7


8
6


2
.9


5
6


1
7


.6
6


6
5


.1
7


6
1


7
.4


5
7


4
.8


2
6


1
5


.0
2


*
*


p
<


0
.0


0
0


1


R
a


n
g


e
1


1
.3


3
–
9


1
.7


0
1


1
.3


–
9


2
.8


6
8


.6
8


–
9


6
.2


6
2


1
.1


4
–
9


5
.4


3


F
a


il
%


9
.8


2
1


7
.8


1
0


.3
3


.9
*


*
p
<


0
.0


0
0


1


T
A


B
L


E
I


Biochemistry and
Molecular Biology Education


414 Learning-Oriented Assessment







experience [11]; [2] student feedback and [3] strategies to
increase student engagement and improve performance.
No alterations were made to the learning outcomes for the
course, and the teaching team and delivery remained con-
sistent for the years studied. The aim of the project was to
evaluate the impact of the revised assessment strategy.


The assessment strategy (Table I) for years prior to
2009 consisted of a heavily weighted final exam (60%), a
large proportion of multiple choice based assessment and
little formative assessment. In 2009, the final examination
the number of multiple choice questions was reduced and
a greater number of long answer questions, many concep-
tual in nature that covered the integration and regulation
of core concepts were added. A standard practice exam
was released to all cohorts from 2009 to 2011, however
the questions from previous examinations were not
released.


In 2010, 12 formative online multiple choice quizzes
were introduced to support student learning. Additionally,
short answer questions were embedded into the three sum-
mative quizzes delivered throughout the semester to pro-
vide an opportunity to examine written communication
skills prior to the final examination, and deliver feedback
to the cohort (Table I).


In 2011 three further key changes were made:
The three quizzes delivered throughout the semester


were replaced with low weighted, weekly summative
quizzes from week 3-12 (Table I). Quizzes were supported
by a series of online clinical case studies with embedded
formative questions made available each week and directly
linked to course learning objectives. After the completion of
each online quiz, students were able to review the quiz,


with their answer and the correct answer highlighted with
written feedback explaining the correct response.


A mid semester examination was introduced to provide
students with a low stakes opportunity to attempt long and
short answer questions in a similar format to the final
examination. Within one week of the mid semester exami-
nation, students were provided with a detailed feedback
session where model answers and common misconceptions
were discussed. For all students who failed the mid semes-
ter examination, an individual 1-hour feedback session was
provided, to discuss areas of concern.


To develop a more collaborative approach to study for
the course, a creative group project was introduced, where
students were asked to develop a 5 minute multimedia pro-
duction of a fundamental biochemical pathway that was
uploaded to the course website and available for all stu-
dents to utilize as study tools [11].


Overlying the entire 2011 assessment strategy was a
commitment to provide timely, detailed, feedback to stu-
dents regarding their performance in both the formative
and summative assessment tasks.


All questions contained within summative assessment
items were written by the course convenor and reviewed
by the Head of Discipline for Biochemistry. Mid- and end-
of-semester written responses were marked by the course
convenor and moderated by the Head of Discipline for Bio-
chemistry with less than 3% variance between recorded
scores for the questions.


To establish whether there were differences in the nat-
ural ability levels of the different cohorts, student assess-
ment performance in a preceding first semester biochemis-
try course (Structural Biochemistry), a prerequisite for


Distribution of overall course performance for Metabolic Biochemistry (2009–2011) and prerequisite Structural Biochem-


istry course.FIG 1
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progression to the second semester course, was compared
(Fig. 1).


To evaluate the effectiveness of the assessment strategy
on student engagement, satisfaction and performance in
the 2011 cohort, a number of measures were used. Per-
formance in the individual components of the assessment
structure and overall achievement in the course was ana-
lyzed for years 2007–2011. There was no significant differ-
ence in student achievement data for the years 2007 and
2008. Performance scores for this period were averaged to
establish a point of comparison for the Metabolic Biochem-
istry course prior to implementation of changes to the
assessment strategy in 2009 and data for this period is rep-
resented as “prior to 2009” in Table II.


Individual assessment tasks were evaluated in the final lec-
ture of the 2011 semester using a written questionnaire with
both qualitative and quantitative questions. Students rated the
quantitative questions on a five-point Likert-type scale, from 1
(never or only rarely true of me) to 5 (always or almost always
true for me). Qualitative questions assessed the usefulness of
individual assessment tasks in the students’ learning process,
the likelihood that students would utilize resources developed
as part of the creative assignment for their study and overall
engagement in and enjoyment of the course.


Additionally, a formal University Student Experience of
the Course (SEC) was conducted each semester and data
were analyzed for the years 2010–2011. These evaluation
questionnaires contain standard university-wide questions,
shown in Table II under evaluation. In 2011, two additional
questions were added to the SEC that specifically evaluated
assessment and can also be viewed in Table II. Prior to 2009,
the SEC evaluation was conducted in a paper based format
with different questions and as such was not used in the cur-
rent analysis. All questionnaire data was anonymous and all
performance data were de-identified prior to analysis.


To facilitate direct comparison of achievement between
the 2010 and 2011 cohorts and to control for variation in
examination difficulty, twenty of the multiple choice ques-
tions and four of the 10 mark long answer questions
remained constant for the years 2010 and 2011. The con-
trol questions included two items that assessed basic theory
including stage one protein metabolism and overall ATP
yield from the oxidation of glucose. The remaining two con-
trol questions examined more complex integration of meta-
bolic pathways and associated regulation including the
relocation of ammonium from various tissues and the pen-
tose phosphate pathway and its regulation.


Statistical Analysis
Analysis of student performance data for the years 2007–
2011 was conducted using unpaired t tests and One Way
ANOVA with Tukey’s post-hoc comparisons as relevant,
with data presented as mean 6 standard deviation. Statisti-
cal analyses were conducted using SPSS with a p value less
than 0.05 considered significant. Reliability analysis of the
assessment tasks was analyzed using Cronbach Alpha.


Results
The cohorts did not significantly differ in their performance
in the first semester prerequisite biochemistry course
(Structural Biochemistry) (Fig. 1, Table II), suggesting that
there were no major differences in ability levels upon entry.
Reliability analysis was performed on all questions across
all tasks for assessment strategy in 2011 with an overall
Cronbach alpha of 0.87 for the course and a range of 0.73–
0.94 for individual assessment items within the strategy
(Table III).


In the years prior to 2009, students achieved an aver-
age final grade of 68.2% (2007, 2008 n 5 102) with approxi-
mately 10% of students failing. Performance in the written
component of the end of semester examination hindered
overall success in the course with an approximate 50% fail-
ure rate in written questions. Introduction of long answer
conceptually based questions to the final examination in
2009 did not significantly improve the overall performance
in the course (Table I), the failure rate for the course, or
the grades for the final examination, however there was a
significant improvement in the ability of students to answer
the written component of the examination (Table II) with a
17% reduction in the failure rate for the long answer
questions.


The addition in 2010 of an improved formative assess-
ment strategy using MCQs and the inclusion of short
answer questions into the three quizzes conducted during
the semester, resulted in no significant improvement in the
performance on the long answer questions on the final
examination. However there was a significant improvement
in the performance in the multiple choice component of the
final examination (p<0.001) in this year (Table II). Thus,


Reliability analysis for all components of the


2011 Metabolic Biochemistry assessment


strategy


Cronbach’s alpha


Lab 0.937


Quizzes 0.842


Mid Semester Exam 0.805


Group Project 0.729


Final Exam 0.875


� Written 0.907


� MCQ 0.831


Overall for course 0.875


TABLE III
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as expected, practice in the multiple choice question format
improved performance in these questions in the final
examination.


In 2011, the introduction of the mid semester examina-
tion and creative group assignment resulted in a significant
improvement in the overall grade for the course
(p<0.0001) with an average grade of 74.8% recorded for
the cohort (n 5 155) (Table I), with benefit seen across all
grade boundaries when compared to previous cohorts and
the prerequisite course (Fig. 1). This improvement coin-
cided with a significant reduction in the failure rate for the
course with 3.3% of students failing the course overall.
Analysis of the performance scores revealed that the over-
all improvement in grade was independent of the quiz and
laboratory components of the course which showed no sig-
nificant improvement over the 5 years analyzed.


In the Student Evaluation of Course (SEC), 89.1% of
students responded positively that the online quizzes were
helpful to their learning. This may suggest that although
students performed equally in the quizzes for all years, the
weekly quizzes in 2011 contributed more significantly to
keeping students on track with their studies and this may
have improved their readiness for the final exam. Indeed,
this was commonly reported in the qualitative questions
regarding the weekly quizzes “The weekly assessments
were a very good way to make me revise every week, espe-
cially when I probably wouldn’t have otherwise.”


The overall increase in student achievement for the
course may be attributed to significantly improved perform-
ance in the final examination (p<0.0001). The 2011 cohort
achieved an average grade of 76.1% 616.2 for the task,
with improvement extending across both the multiple
choice and written components of the examination. The
written component however improved most significantly
with an 18% increase in grade for this section when com-
pared to previous years (p<0.0001) (Table II). This
improvement was associated with a corresponding reduc-
tion in the failure rate for the long answer component of
the final examination to less than 10% for the cohort.


Analysis of the four long answer questions utilized as a
control for the 2010 and 2011 examinations, indicated that
student achievement improved across all question difficulty
levels. For straightforward, recall style questions such as
the stage one metabolism of protein, mean scores
increased from 5.79 6 3.07 in 2010 to 8.66 6 2.18 out of
10 in 2011; (p<0.0001). Similarly for the more complex
questions concerning ammonium relocation (3.91 6 3.39 to
6.59 6 2.76; p<0.0001) and the pentose phosphate path-
way, varying products and regulation (4.78 6 3.26 to
6.80 6 2.97; p<0.0001) scores also improved. It is impor-
tant to reiterate here that the 2009–2011 cohorts had
access to the same practice examination and at no point
were these control questions released to the students.


These results indicate that the cohort was better pre-
pared for all aspects of the final examination, which may


be due to increased opportunities to practice questions in a
similar format to the end of semester examination through
the addition of the mid semester examination and clinical
case studies. Evaluation of the mid semester examination
demonstrated that 88.5% of students considered the mid
semester examination helpful for preparation for the final
examination and 89.2% responded positively that the mid
semester examination helped them identify areas in the
theory that required further study. Qualitative feedback
from students for both the case studies and mid semester
examination were positive with comments such as “I strug-
gled with the mid sem but it really helped me understand
what we needed to know” and “the case studies were use-
ful in helping me see the relevance of biochemistry”.
Importantly the mid semester examination provided an
opportunity to identify students at risk of failure who were
not identified through the multiple choice assessment
items. A total of 22 (14.2%) students failed the mid semes-
ter examination and were identified for academic interven-
tion. Of these students, only six (3.9%) continued on to fail
the final examination and course overall.


The creative project may have also improved student
preparedness for the final examination with 80.8% of stu-
dents positively responding to the question ‘the creative
group project helped my understanding of content.” How-
ever, further analysis revealed that the creative task did
not alter the failure rate for the course. More detailed anal-
ysis of the group project is published elsewhere [12].


In addition to the improvement in student achievement
for the course in 2011 we noted a 20% increase in lecture
attendance (measured at each lecture) that was consistent
throughout the semester and in the student evaluation of
the course 91.9% of students responded positively to the
question “This course engaged me in learning.” Overall the
following qualitative comment neatly summarises the stu-
dent experience of the assessment strategy “The quizzes
kept me up to date, the laboratories assisted with consoli-
dating concepts from lectures, the group assignment
allowed me to engage deeply with my chosen topic, the
exams were clearly explained and a fair test. I always
knew what was expected of me.”


Discussion and Conclusion
One reported downfall of a didactic teaching methodology,
is that students generally do not acquire the skills neces-
sary to apply knowledge obtained from one area of bio-
chemistry in order to gain insight into another and there-
fore knowledge is treated as non-overlapping sets of
information [4]. It is well understood that a teaching
approach constantly reinforcing the concept of integration
of knowledge is required [4], to transform student episte-
mological beliefs and facilitate self directed, deeper
approaches to learning [13]. Assessment design plays a
powerful role in shaping student approaches to learning
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[14] and with this in mind, the current project aimed to
assess the impact of a comprehensive redesign to an
assessment strategy that drew upon the concepts of assess-
ment for learning [4, 6, 14, 15] and learning-oriented
assessment [16].


At the core of a learning-oriented assessment frame-
work [10, 16] is a focus on the design of activities to enrich
students learning experiences through an integrated
approach of evaluating understanding, engagement with
feedback and through the building of discipline specific
ways of thinking and practicing [17]. From this standpoint
the redesign approach for the course targeted the design of
assessment that clearly demonstrated the relevance of
learning, encouraged student engagement, provided oppor-
tunities for students to practice questions and delivered
timely and detailed feedback. The impact that this redesign
had on student performance, failure rates and overall
engagement in the course was analyzed.


Central to the redesign strategy was the embedding of
formative assessment opportunities for students linked to
weekly learning objectives. The emphasis of these tasks
was on the application of theoretical knowledge in clinically
relevant scenarios to encourage deeper understanding and
showcase the relevance of biochemistry to real life. The
linking of these case studies with written and multiple
choice assessment options with immediate feedback,
increased the exposure of students to variation in assess-
ment tasks which has been shown to improve performance
[9] and was considered a contributing factor for the
improvements in written communication in this course.


When one considers the learning-oriented assessment
framework it is clear that the assessment redesign of the
course benefited from an approach that drew together
assessment activities designed to facilitate student learning
in a continuous manner, whilst providing students with an
opportunity to identify areas of content that required fur-
ther study through the provision of timely and constructive
feedback [16]. The capacity to deliver timely feedback to
students is a common issue faced by academic staff and in
this particular course student performance in the online
quizzes and mid semester examination enabled the teach-
ing team to receive rolling indications of areas of difficulty
for the cohort and respond within one week of the delivery
of content by opening an assessment dialogue [18]. By dis-
cussing areas of difficulty with the entire cohort students
were facilitated to develop greater skills in developing their
evaluative expertise and effectively close the loop of the
student learning process, empowering them to move
beyond assessment as a summative exercise and towards
assessment that shaped their learning experiences [16].


Students’ capacity to answer integrative long answer
questions was highlighted as a particular area of concern
in this course. The nature of the degree programs meant
that until this point the vast majority of assessment (>70%)
had been conducted in a multiple choice format. Although


multiple choice assessment has been shown to provide rea-
sonable capacity to examine integration of concepts and
deep understanding [19], students coming into Metabolic
Biochemistry were not adept at conveying knowledge in a
written format under examination conditions. With stu-
dents reporting “the thing I’m most scared about is doing
the long answer part of the exam”. Despite attempts to pre-
pare students for the altered final examination format in
2009, 31.37% of the class failed the task, increasing the
yearly fail rate to 17.8%. In response, the redesign of the
assessment strategy that included a written mid-semester
examination in 2011 resulted in improved performance in
final examination (76.13 6 16.24, reduced failure rates for
written questions (2009: 33%, 2011: 9.7%) and an overall
reduction in the failure rate for the task to 6.8% (p
>0.0001). The mid semester examination was found to be
the most powerful item in-terms of effecting student learn-
ing in the assessment strategy. This may again be linked to
feedback processes and the learning-oriented approach.
This is particularly pertinent when considering that mid
semester assessments provided in a structure with limited
opportunities for formative feedback and support have pre-
viously been shown not to support student learning [6]. In
this study, the integrated and continuous nature of the
2011 assessment structure and level of student support
provided, was a key feature of the methodology and rein-
forces the power of learning-oriented assessment [16] to
assist student learning across the Biochemistry discipline.


Alterations to the assessment strategy implemented in
2011 resulted in significant improvement in the overall
level of achievement for the course, the final examination
and the capacity for students to answer written long
answer questions that integrated theoretical concepts.
Overall evaluation of the assessment strategy in both a
quantitative and qualitative manner demonstrated that stu-
dents found the assessment items helped to keep them on
track with their studies, identified gaps in their knowledge
and provided feedback and resources they could utilize to
improve their understanding of the content in preparation
for the final examination. When considering the level of
improvement of the 2011 cohort it is important to mention
that no other changes were made to the delivery of the
course or the teaching team and there was no significant
improvement in the evaluation of teaching scores for the
lecturers in the teaching team.


These results reiterate the importance of the construc-
tive alignment framework [5] where assessment is directly
integrated with course learning objectives and activities.
Particular benefit for the current course was derived from
the learning-oriented approach [10, 16] that placed student
engagement and participation at the center of quality
learning and teaching and provided opportunities for stu-
dents to participate in assessment tasks designed to scaf-
fold understanding and supported by strong feedback
practices.
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In conclusion, redeveloping the assessment strategy to
place a greater emphasis on student participation through-
out the entire semester and opportunities to attempt writ-
ten questions of varying levels of difficulty and clinical case
studies in both a summative and formative fashion, signifi-
cantly improved performance in the course, and in particu-
lar, in the written component of the final examination.
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ABSTRACT
Individual student success is influenced by the educational
environment and student characteristics. One adaptation of the
educational environment to improve student success is the
introduction of continuous, or in-course, assessment. Previous
research already identified several student characteristics that are
related to student success as measured by student achievement,
like previous achievements, motivation, self-efficacy and gender.
The two facets are investigated in a group of first-year
undergraduate Law students in the Netherlands, by examining the
relationship of different types of continuous assessment and
student characteristics with academic achievement. A
questionnaire, measuring demographic information, self-
regulation and motivational constructs, was completed by 94
students and their grades were requested from the student
administration. Repeated measures ANCOVAs with assessment
type as the within-subject factor identified that student
achievement is not dependent on the type of continuous
assessment. Students with higher high-school GPAs got higher
scores across assessment types. Male students performed worse
than their female peers in courses without continuous assessment,
but in courses using any type of continuous assessment, this
gender difference disappeared. Intrinsic motivation was a negative
predictor of achievement in courses using writing assignments
and mandatory homework assignments. Results from the current
study indicate that continuous assessment may be a potent
measure to improve male students’ success by closing the gender
achievement gap, and that students with high levels of intrinsic
motivation do not benefit from continuous assessment.
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Introduction


Student success in higher education has been a topic of interest for several decades (e.g.,
McKenzie & Schweitzer, 2001; Pascarella & Terenzini, 1991). Prior to this, Tinto (1975)
started to develop his model on student drop out, and Feldman and Newcomb (1969)
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investigated how college education affects student outcomes. Yet student success is still a
topic of research and is defined in many ways. Studies in the Netherlands have used drop
out (van den Bogaard, 2012), study progress (Kamphorst, Hofman, Jansen, & Terlouw,
2013; van den Bogaard, 2012), and perceived competence (Kamphorst et al., 2013) as defi-
nitions. Some other examples are employability (Qenani, MacDougall, & Sexton, 2014), or
academic achievement (McKenzie & Schweitzer, 2001). Research on student success is not
just about operationalisation, but also about what variables influence student success.
Student success can be influenced by the university environment (e.g., van Berkel,
Jansen, & Bax, 2012), student characteristics (e.g., Richardson, Abraham, & Bond, 2012)
or both. Van Berkel et al. focus on student success in terms of graduation rates, and
Richardson et al. in terms of GPA. However, Qenani et al. (2014) pose that employability
can also be influenced by factors in the university environment as well as in students. In
the current article, we will focus on academic achievement as a measure of student success
and investigate the university environment as well as student characteristics as explaining
factors for academic achievement.


The university environment and student success


Several facets of the university environment can play a role in student success. Tinto’s
(1975) model, for example, focuses on interactions between students and faculty.
Additionally, Thomas (2002) posits that what she terms institutional habitus, the norms
and practices of the institution, can influence student retention, and that retention is great-
est when students’ habitus corresponds with the institutional habitus. According to van
Berkel et al. (2012), it is a university’s responsibility to shape the curriculum in a way
that optimises student success. In their book, several curriculum optimisation measures
are presented, like preventing competition of several different course activities, introdu-
cing active learning activities and adjusting the assessment program. The current article
will explore this final measure, and more specifically, the use of continuous assessment,
since previous research has shown that an adjusted assessment programme is a potent
driver of student learning (Cohen-Schotanus, 1999). Furthermore, using a ‘range of assess-
ment tools’ is also one of the measures for adapting the institutional habitus proposed by
Thomas (2002, p. 439).


Continuous assessment refers to the use of one or several assessments during the course
period, instead of a single final exam in the last weeks of the semester. It is also referred to
as frequent assessment (e.g., Rezaei, 2015). Continuous assessment in higher education
can be used to improve student learning (e.g., Rezaei, 2015) as well as student engagement
(e.g., Holmes, 2015). In both cases, continuous assessment can be used to provide feedback
to students (e.g., de Kleijn, Bouwmeester, Ritzen, Ramaekers, & Van Rijen, 2013) and tea-
chers (e.g., Domenech, Blazquez, de la Poza, & Munoz-Miquel, 2015). Furthermore, con-
tinuous assessment can be used as a reward system for desired studying behaviour
(Admiraal, Wubbels, & Pilot, 1999), which also relates to the cognitive principle of
reinforcement learning (Daw & Frank, 2009). Additionally, several of Gibbs and Simp-
son’s (2004) conditions that assessment must meet to support learning correspond to
factors of continuous assessment. In a previous study (Day, van Blankenstein, Westenberg,
& Admiraal, 2017) we indicate that, at our institution, university teachers employ continu-
ous assessment to keep students working during the course period and to be able to assess
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different knowledge and skills. With this second goal in mind, it is apparent that continu-
ous assessments can have different types, like essays, presentations, as well as partial
exams. Continuous assessments can be either voluntary or mandatory. However, using
voluntary assessments may promote self-selection. Thomas et al. (2017), for example,
were unsure whether increased usage of online self-tests could explain higher grades, or
whether high achieving students chose to use self-tests more often. To overcome this
problem with self-selection, in the current study a constraint for continuous assessment
is that the assessment is mandatory and completion is checked by the teacher.


Continuous assessment has two main cognitive benefits. First, there is the testing effect
(Roediger & Karpicke, 2006) which states that repeated testing of information leads to
better retention of this information. According to Butler (2010), the testing effect also
extends to final assessments with new information, denoting a transfer of knowledge.
The second benefit can be referred to as the spacing effect (Kornell, 2009), spreading
your studying across the study period leads to longer retention than last minute cramming
does. Dunlosky, Rawson, Marsh, Nathan, and Willingham (2013) cited evidence from the
lab and the classroom and stated that practice testing (testing effect) and distributed prac-
tice (spacing effect) are the most beneficial study methods. Furthermore, continuous
assessment leaves students with time to reflect on their learning and their results. Accord-
ing to Moon (1999), ‘reflection makes deeper and better considered knowledge available to
us’ (p. 155).


Several studies have found that using continuous assessment in higher education
courses improves student achievement (e.g., Domenech et al., 2015; Nelson, Robison,
Bell, & Bradshaw, 2009; Tuunila & Pulkkinen, 2015). However, this research usually
does not contrast different types of continuous assessment. Therefore, there is no infor-
mation on whether some types of continuous assessment are more beneficial to student
achievement than others.


In sum, continuous assessment can lead to more effective study behaviour and promote
student academic achievement. After discussing continuous assessment as a change in the
educational environment to promote student success, we now continue with the role
student characteristics play in academic achievement.


Student characteristics and student success


Research into the relationship between student characteristics and academic achievement
has identified a wide variety of predictors. Student characteristics include motivational
constructs, previous achievement and more demographic information. McKenzie and
Schweitzer (2001), for example, found that previous achievement, self-efficacy and
whether students had a job were significant predictors of academic achievement. An
oft-cited article discussing student characteristics related to academic achievement is
the meta-analysis by Richardson et al. (2012). This meta-analysis identified 41 character-
istics that are correlated with academic achievement. These were cognitive characteristics,
like high-school GPA, as well as non-cognitive characteristics, like motivation and
self-regulation. To narrow down the list of correlates, the current article focus is on the
strongest correlates which are high-school GPA, academic self-efficacy, effort regulation
and performance self-efficacy, showing medium-to-large correlations. In addition, we
focus on a few of the conceptually related smaller correlates like learning goal orientation,
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academic intrinsic motivation and metacognition. Furthermore, we also include gender, a
small correlate in Richardson et al.’s study.


Continuous assessment and student characteristics


Continuous assessment and student characteristics can influence academic achievement
independently, but they can also influence each other. Possible interplays between
continuous assessment and student characteristics are specifically interesting in the
light of optimising the curriculum for student success. When different groups of students
get different benefits, this may present a case for more individualised assessment paths.


The most apparent case that continuous assessment and student characteristics relate to
each other may be that of students who lack the self-regulation skills for independent
study throughout the semester. Teachers and students praised the fact that continuous
assessments help to keep students on track (Day et al., 2017) and in Peat and Franklin’s
(2002) study, students remarked mainly on using self-assessment modules as learning
guides and not as assessment tools.


Looking at student ability and continuous assessment, research shows that higher
achieving students benefit more from intermediate exams (De Paola & Scoppa, 2011)
or that lower achieving students perform better each continuous assessment, while
higher achieving students started regressing to the mean (Kerdijk, Tio, Mulder, &
Cohen-Schotanus, 2013).


When relating motivation to continuous assessment and achievement, Ibabe and Jaur-
egizar (2010) found that students with higher motivation made more use of the online self-
assessment tool and that students who used the tool had higher achievement. However,
even students with lower motivation levels used online self-assessment.


Several researchers have looked at gender differences in academic achievement.
When looking at general achievement, Richardson et al. (2012) identified that female
students perform better than their male peers. In the case of continuous assessment,
this picture is less clear. Domenech et al. (2015) found no significant gender differences
for students taking frequent cumulative tests. However, they discerned a trend where
women got higher grades but men had higher exam passing rates. Research by Cano
(2011) suggests that when students have the opportunity to choose whether they want
to participate in continuous assessments, women more often opt-in than men. Further-
more, female engineering students rate themselves and their female peers lower on
peer and self-assessment tasks than their male counterparts do (Torres-Guijarro &
Bengoechea, 2017).


To summarise, there seems to be interplay between continuous assessment and several
student characteristics. Unfortunately, this relationship is still largely unclear. Therefore,
in the current study, we try to answer the following two research questions:


(1) To what extent does the type of continuous assessment relate to academic
achievement?


(2) What role do gender, high-school achievement, motivation and self-regulation play in
this relationship?
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Methods


Context


The study was conducted during the 2014–2015 academic year at the undergraduate law
school of a research university in the Netherlands. This law school offers bachelor degrees
in Criminology, Law, Fiscal Law, Notarial Law, Business, International Business Law, and
Law and Economics. During the first year, which is a foundation year, the majority of
courses are the same for all law majors and about 45% of courses is also a part of the crimi-
nology program. A full overview of the courses in the program and, when applicable, their
continuous assessment, can be found in Table 1. To reiterate, continuous assessments are
checked for completion by teachers, assessments that are graded are marked in the table.
Courses without continuous assessment generally do have required readings or homework
assignments, but there is no check to see if these are actually completed. All course infor-
mation was gathered from the university’s e-prospectus. Both majors take courses
amounting to 1680 hours of study work.


Participants


Ninety-four first-year students (42.6% male) completed the full questionnaire. The
majority of students majored in Law (64.9% Fiscal, Notarial or Law, 24.5% other),
whereas only 8% were Criminology majors. Over three quarters (77.7%) of students
were 18 or 19 years old, with the remainder of students being older. Eighty-one per


Table 1. Overview of the first-year courses in the 2014–2015 academic year, their continuous
assessment and final exam results.
Course no. and description of the continuous assessment Major N M (SD)


LLP L + C
1. – L + C 85 7.06 (1.21)
2. Short written assignment(s) L + C 86 5.73 (1.09)
3. Partial exam (case, open ended)a L 79 6.03 (1.37)
4. Homework assignments (e.g., debate, plea, case) L + C 85 5.66 (1.23)
5. – L 76 5.61 (1.59)
6. – L 79 7.06 (1.15)
7. Short written assignment(s) L + C 89 7.29 (1.30)
8. Written assignmenta,b L 38 7.63 (0.91)
9. Written assignmenta,b L 16 7.19 (0.75)
10. Three written assignmentsa,b L 1 8.00 (–)
11. Written assignmenta,b L 13 6.23 (1.01)
12. – L 74 5.78 (1.17)
13. – L 74 6.32 (1.26)
14. – L 72 6.85 (1.07)
15. Portfolio of homework assignmentsa C 8 6.38 (0.74)
16. Presentation, prepositions, mini-experiment and report C 8 5.75 (1.40)
17. Written assignmentsa C 8 5.88 (0.64)
18. Partial exam (essay questions), presentationa C 7 6.63 (1.41);


5.86 (1.57)
19. Paper based on interviewa C 7 6.29 (1.11)
20. Three written assignments C 7 7.29 (0.76)


Note: C: Criminology; L: Law.
aDenotes courses where the continuous assessment counts towards the overall grade.
bCourse 8 is taken by Law, Fiscal Law and Notarial Law majors, Course 9 is taken by Business majors, Course 10 is taken by
Economic majors, Course 11 is taken by International Business Law majors.
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cent of students are of Dutch origin and almost 90% entered undergraduate studies
directly after high school.


Materials


Student characteristics
Demographics, self-regulation and motivation were measured using a slightly adapted
version of the Motivated Strategies for Learning Questionnaire (MSLQ; Pintrich, Smith,
Garcia, & Mckeachie, 1993). The following eight scales were used: Intrinsic Goal Orien-
tation, Extrinsic Goal Orientation, Task Value, Control of Learning Beliefs, Self-Efficacy
of Learning and Performance, Time and Study Environment, Metacognitive Self-Regu-
lation and Effort Regulation. All questions were translated to Dutch based on the trans-
lation used by Blom, Severiens, Broekkamp, and Hoek (2004) and adapted to be
applicable to the whole course program instead of one specific course. A translation
back-translation procedure was used to check the accuracy of the translated items. All
items were answered on a Likert scale ranging from 1 (not at all applicable to me) to 5
(very applicable to me). The eight MSLQ scales encompassed a total of 50 questions.
Table 2 shows an overview of the reliabilities of the scales. In addition to the 50 MSLQ
questions, students were asked to answer questions about their major, age, cultural back-
ground, high-school exam grade and prior education. For all these questions, the expected
most frequent answers were supplied as multiple choice options, with an open ended
‘other’ option added.


Student achievement
To get a measure of student achievement, first-try final exam grades were collected from
the student administration. Based on the assessment type they use, the courses can be
classified into six groups. These are: ‘no continuous assessment’ (course N = 6), ‘written
assignment(s)’ (N = 8), partial exam (N = 2), ‘mandatory homework assignments’
(N = 2), ‘interview and paper’ (N = 1) and ‘presentation, proposition and mini-experiment’
(N = 1). For each of these groups, an average grade on all courses was calculated as a
composite score.


Procedure


The questionnaire was handed out during the coffee break of a lecture of Course 7, where
approximately 275 students attended (response rate 34.2%). This course was chosen


Table 2. Reliabilities and mean scores for motivated strategies for learning questionnaire scales.
MSLQ Scale Item N Reliability M (SD)


Intrinsic Goal Orientation 4 0.654a 3.53 (0.55)
Extrinsic Goal Orientation 4 0.710a 3.57 (0.64)
Task Value 6 0.731 3.98 (0.42)
Control of Learning Beliefs 4 0.755a 3.83 (0.57)
Self-Efficacy of Learning and Performance 8 0.819 3.75 (0.51)
Time and Study Environment 8 0.702 3.65 (0.57)
Effort Regulation 4 0.748a 3.63 (0.65)
Metacognitive Self-Regulation 12 0.640 3.20 (0.43)
aSpearman–Brown predicted reliability for scale length six items.
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because it is taught to all majors simultaneously and takes place during the second seme-
ster of the academic year. Therefore, students already had a full impression of what their
major was like, and early drop outs were not going to participate in the research. The
objectives of the study were introduced briefly before the break in a plenary announce-
ment by the first author.


Ethics


The current research was approved by the ethical committee of the psychology depart-
ment of our university. The first page of the questionnaire was an informed consent
letter that explained additional information about the research and asked students’ per-
mission to access their grades. A translated version of the consent letter can be found
in the supplementary online materials. Students were asked to fill in their student ID
number, to be able to connect questionnaire data to student results, but confidentiality
of results was guaranteed. Only questionnaires including a signed consent form were
included in the study.


Results


Descriptive statistics


Mean exam scores for the courses can be found in Table 1, and mean scores on all MSLQ
scales can be found in Table 2. Mean scores for the assessment-type composite scores can
be found in Table 3. The composite scores for interview and presentation were excluded
from further analysis since both have a student N lower than 10.


Preliminary regression analyses


Hierarchical regression analyses were run for each assessment-type composite score indi-
vidually to investigate which predictors were related to achievement. Variables were
included in the model based on the article by Richardson et al. (2012). The strongest pre-
dictors high-school GPA, self-efficacy and effort regulation were added in the first step.
The weaker correlates gender, age, intrinsic goal orientation, extrinsic goal orientation,
task value, metacognitive self-regulation, and time and study environment were included
in the second step. The third and final step included the variable control of learning beliefs,
which is not discussed by Richardson et al. Outcomes (not pictured) show that the only
significant predictors were High-School GPA, Intrinsic Goal Orientation, Task Value


Table 3. Descriptive statistics for assessment-type composite scores.
Assessment-type composite score Course N Student N M (SD)


No continuous assessment (Courses 1, 5, 6, 12, 13, 14) 6 89 6.39 (0.95)
Written assignment (Courses 2, 7, 8, 9, 10, 11, 17, 20) 8 89 6.68 (0.91)
Partial exam (Courses 3, 18) 2 87 6.04 (1.35)
Mandatory homework assignment (Courses 4, 15) 2 85 5.73 (1.15)
Interview and paper (Course 19) 1 7 6.29 (1.11)
Presentation, proposition, mini-experiment (Course 16) 1 8 5.75 (1.39)


Note: Course numbers for each assessment-type composite score correspond to course numbers in Table 1.
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and Gender. These four variables were added to the repeated measures ANCOVAs as
between-subjects variables.


Student characteristics, assessment type and student achievement


To fully investigate the relationship between student characteristics, assessment character-
istics and student performance, two repeated measures ANCOVAs were conducted. To be
able to fully investigate the relationship between the different variables, individual
regression parameters were requested in SPSS.


Contrasting courses with and without continuous assessment
In the first analysis, investigating the role of student characteristics in courses with and
without continuous assessment, the within-subject variable assessment had two levels.
The between-subject variables were high-school GPA, intrinsic goal orientation, task
value and gender, the latter of the four is dichotomous, the other variables are continuous
and therefore added as covariates.


Results from this analysis indicate that students’ achievement is not dependent on
whether their course has continuous assessment, F(1, 79) = .021, p > .05. Main effects
were found for three variables. First, high-school GPA, F(1, 79) = 36.09, p < .001, partial
η2 = .314, which indicates that students’ who had higher previous achievement also have
higher achievement in university. Second, intrinsic goal orientation, F(1, 79) = 7.10, p
= .009, partial η2 = .084 where higher levels of intrinsic goal orientation lead to lower
achievement. The third and final significant main effect is that of gender, F(1, 79) = 5.28,
p = .023, partial η2 = .064 indicating that female students perform better than their male
peers. This gender effect, however, is characterised by an assessment by gender interaction
effect, F(1, 79) = 7.68, p = .007, partial η2 = .089 where there is only a gender difference on
courses that do not have a continuous assessment. For courses that do have continuous
assessments, there is no difference in score for men and women. The individual influence
of each variable on the two types of courses can be found in Table 4.


Investigating the three types of continuous assessment
We subsequently ran another Repeated Measures ANCOVA, with a three-level within-
subject variable to investigate whether there are different outcomes for different assess-
ment types. The three levels were written assignments, partial exam and mandatory


Table 4. Parameter estimates for ANCOVA comparing courses with and without continuous
assessment.
Use of continuous assessment Parameter B SE t p Partial η2


No continuous assessment Intercept 2.24 1.10 20.3 .046 .050
High-School GPA 0.80 0.15 5.49 <.001 .276
Male Gender −0.57 0.18 −3.17 .002 .113
Intrinsic Goal Orientation −0.40 0.17 −2.35 .021 .065
Task Value 0.05 0.24 0.22 .829 .001


Continuous assessment Intercept 2.16 1.06 2.05 .044 .05
High-School GPA 0.77 0.14 5.50 <.001 .277
Male Gender −0.18 0.17 −1.02 .311 .013
Intrinsic Goal Orientation −0.43 0.16 −2.58 .012 .078
Task Value 0.08 0.23 0.36 .718 .002
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homework assignments. The same four between-subject variables as in the previous analy-
sis were included.


The assumption of sphericity was violated for assessment type, χ2(2) = 18.62, p < .001;
therefore, Huynh–Feldt estimates of sphericity were used to correct the degrees of freedom
(ε = .88).


There was still no main effect of assessment type F(1.76, 131.76) = 1.49, p > .05, indicat-
ing that students scored similarly on courses with different assessment types.


There was a main effect of high-school GPA F(1, 75) = 37.26, p < .001, partial η2 = .332
indicating that a higher high-school GPA was related to higher university grades. There is
no main effect of gender in this analysis, F(1, 75) = 2.78, p > .05, which shows that men’s
scores do not differ from those of their female peers across all three continuous assessment
types.


There were no main effects for intrinsic goal orientation and task value, but both these
variables interacted with the assessment type, F(1.76, 131.76) = 3.79, p = .03 and F(1.76,
131.76) = 4.95, p = .011, respectively. Investigation of the parameter estimates indicates
that intrinsic goal orientation is a negative predictor of students’ grades on courses with
written assignments, suggesting that students with higher levels of intrinsic goal orien-
tation for their Law program get lower grades for these courses. This contrasts with the
result from the comparison of courses with and without continuous assessment, where
intrinsic goal orientation was a negative predictor for all courses. Task value is a negative
predictor of students’ grades on courses with mandatory homework assignments, again
suggesting that students who have a higher task value of their studies score lower on
courses with mandatory homework. A full overview of all parameter estimates for each
assessment-type composite score can be found in Table 5.


Discussion


This article focused on two research questions. The first was to what extent the type of
continuous assessment relates to academic achievement, and the second investigated
the role of gender, high-school achievement, motivation and self-regulation in this
relationship.


Table 5. Parameter estimates for ANCOVA comparing the three assessment-type composite scores.
Assessment-type composite score Parameter B SE t p Partial η2


Written assignment Intercept 2.55 1.05 2.42 .018 .073
High-School GPA 0.76 0.14 5.47 <.001 .285
Male Gender −0.19 0.17 −1.11 .270 .016
Intrinsic Goal Orientation −0.48 0.16 −2.94 .004 .103
Task Value 0.17 0.24 0.69 .490 .006


Partial exam Intercept 0.06 1.76 0.04 .97 <.001
High-School GPA 1.01 0.23 4.36 <.001 .202
Male Gender −0.46 0.29 −1.63 .108 .034
Intrinsic Goal Orientation −0.52 0.27 −1.90 .062 .046
Task Value 0.24 0.40 0.60 .551 .005


Mandatory homework assignment Intercept 2.27 1.51 1.50 .14 .029
High-School GPA 0.91 0.20 4.57 <.001 .217
Male Gender −0.25 0.25 −1.00 .319 .013
Intrinsic Goal Orientation 0.12 0.24 0.50 .616 .003
Task Value −0.83 0.34 −2.42 .018 .072
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Results from the current study indicate that the type of continuous assessment does not
influence academic achievement. This result suggests, first of all, that students do not
perform differently depending on whether they need to complete written assignments, a
partial exam or homework assignments.


However, the second suggestion of the lack of a main effect of assessment type is that
students do not perform better on courses whether these courses use continuous assess-
ment or not. This contrasts with previous research that discovered that, in most cases,
continuous assessment positively influences students’ achievement (e.g., Domenech
et al., 2015; Ibabe & Jauregizar, 2010; Rezaei, 2015). A possible explanation for the
lack of results is the structure of the curriculum. Cognitive advantages of continuous
assessment like distributed practice (Dunlosky et al., 2013) or time for reflection
(Moon, 1999), could be cancelled out by the fact that all courses have distributed edu-
cational meetings. Students may have prepared for meetings irrespective whether they
had continuous assessments or not, independently distributing their practice through-
out the semester.


With respect to the second research question, we see results for four student character-
istics. Surprisingly, the seven other characteristics in the research did not relate to student
achievement. Based on the results we can paint the following picture.


First of all, students with a higher high-school GPA score higher on courses with all
different assessment types. High-school GPA is one of the stronger correlates of university
achievement (Richardson et al., 2012), and this article presents more evidence for this case.


The second characteristic that plays a role in continuous assessment is gender. On
average male students get lower grades than their female peers. However, in the present
study, this difference was only significant in the case of courses that use no continuous
assessment. This result is interesting in the light of previous research (Richardson et al.,
2012) that suggests that the achievement of male students lags behind. The fact that
one gender outperforms the other is often called the gender achievement gap. Several
studies found that female students perform better than their male counterparts, not just
in higher education, but across all educational levels (Machin & McNally, 2005; Richard-
son et al., 2012). However, depending on the discipline, the gender achievement gap may
be reversed (Miyake et al., 2010). A gender achievement gap is generally unwanted, and
several measures to bridge this gap are researched. Miyake et al. (2010), for example,
used a values affirmation intervention to improve female performance. Our results
show that introducing continuous assessment into the curriculum may be a potent inter-
vention in supporting male students. However, when introducing continuous assessment
to bridge the gender achievement gap, gender differences in assessment achievement
should be considered. As mentioned before, Torres-Guijarro and Bengoechea (2017)
found that female students do not score as well on peer and self-assessments as their
male peers. So it seems that some types of continuous assessment only benefit men and
not women, and probably vice versa. Supporting male achievement by introducing con-
tinuous assessment should not be simultaneously detrimental to female achievement.


For the third characteristic, the results indicate that students with a higher level of
intrinsic goal orientation get lower scores on courses using writing assignments as con-
tinuous assessment. This contrasts with the results of Richardson et al. (2012), who
found that intrinsic goal orientation is a positive correlate of achievement.
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The fourth, and final, characteristic is task value, which exhibits a negative relationship
to student achievement for courses that use homework assignments. Again, this result is
the opposite of the results suggested by Richardson et al. (2012).


Both intrinsic goal orientation and task value are aspects of student motivation. Intrin-
sic goal orientation is comparable to learning goal, or mastery, orientation and task value
to academic intrinsic motivation, and both measures are small correlates of academic
achievement (Richardson et al., 2012). However, there are also several studies that ident-
ified different relationships. Neroni, Meijs, Leontjevas, Kirschner, and De Groot (2017) for
example, discovered that mastery approach goals were no significant predictor of student
success, measured as achievement, for the distant education students in their sample. One
possible explanation they give for this lack of a relationship is that distant education stu-
dents with a mastery orientation possibly are not driven by grades at all, and only enrol in
the courses for their own interest, subsequently not participating in the final exams.
Additionally, Baker (2004) also did not find an influence of any motivational construct
on student achievement. Her hypothesis for this lack of an effect is that motivation
may have influenced achievement indirectly, via perceived stress and adjustment.


A major difference between the two aforementioned studies and our results is that
where those found an absence of a relationship between motivation and achievement,
our study actually found a significant negative association for motivation on two types
of continuous assessment. One explanation for this is that the first year is a foundation
year. In this foundation year, students are presented with courses that introduce them
to the different facets of their major, which may not all hold their interest. Since the ques-
tionnaire is formulated on a course program level, this difference in interest for specific
disciplines could have influenced the way students answered the questions. For
example, a student with a large interest in criminal law may have reported high levels
of interest in their course program with criminal law courses in mind, but subsequently
not achieved very well on the other foundation courses. Additionally, individual course
difficulty levels also may have influenced student achievement.


The fact that motivation is related to lower achievement for only two out of four assess-
ment-type composite scores complicates the situation even further. It is notable that this
relationship does not occur in the courses using a partial exam.


According to Macfarlane (2015), the current higher education climate makes several
demands of students. They are expected to attend obligatory class meetings, and to com-
plete assessments during these meetings, a process he calls presenteeism. Furthermore, stu-
dents need to show active participation in the meetings and assessments, which
Macfarlane deems learnerism. Macfarlane posits that these two processes negate student
autonomy to shape their own educational process. Under self-determination theory, a
lack of autonomy leads to lower motivation and results (Deci & Ryan, 2000), which can
explain the negative impact of motivation in the current study. That is to say, students
who report high levels of motivation in the current study may have been demotivated
by the lack of autonomy their courses offer. The results of Ibabe and Jauregizar (2010)
where motivated students chose to use the self-assessment tool more often also links in
to this case of autonomy.


Another explanation for the negative relationship of motivation for writing and home-
work assignments may be due to a perceived lack of alignment. Results from our previous
study (Day et al., 2017) indicate that students prefer continuous assessments that clearly
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relate to the final exam. It can be argued that this is especially the case in courses that have
a partial exam, and less for the other two types of continuous assessment discussed. In the
current study, we cannot comment on this possible lack of alignment, since we did not
observe the classes and course materials.


It is striking that the current study did not find support for a relationship between
continuous assessment, student characteristics and achievement for six out of eight
MSLQ scales. Two of these (self-efficacy and effort regulation) were marked as
medium strength correlates by Richardson et al. (2012). The lack of influence of effort
regulation may be explained by the design of the curriculum. Peat and Franklin
(2002) already mentioned that students used the continuous self-assessments as study
guides instead of as assessment tools, and items measuring effort regulation focus on
persistence in studying. However, all continuous assessments in the current study
were mandatory, and there was no option for students to not persist. In a way, their
effort was regulated for them. A possible explanation for the lack of self-efficacy may
be that, even though the second semester had already started, students were still
unsure of their self-efficacy for their course programs, because of their limited experi-
ence with studying in these programs.


Limitations and directions for future research


The main limitation of the current study is the low response rate of almost 35%. The
authors suspect that this is partly explained by the fact that the questionnaire was pre-
sented as the first step in planned additional research. This additional research requested
a more prolonged time investment of students, which may have deterred participation.
Low response rates usually lead to biased samples, but when inspecting the average
final exam results, the sample does not seem to consist of exceptionally high or low
scoring students. The current study could be repeated without the additional require-
ments, hopefully boosting participation rates.


Furthermore, our study only focused on a subset of the student characteristics
investigated in the meta-analysis of Richardson et al. (2012). To expand our results, the
relationship between continuous assessment types and other student characteristics like
socio-economic status or personality traits should be studied.


As an expansion of our definition of student success focusing on academic achieve-
ment, future research could also investigate how continuous assessment and student
characteristics relate to other student success outcomes like employability, or perceived
competence.


Future research also should take a more extended view into courses by not only exam-
ining student achievements, but also looking at course materials in depth. Furthermore,
qualitative data in the form of teacher and student observations or interview could be
included.


Another direction for future research should focus on motivational development
during foundation years, and how continuous assessments relate to this development.
This research should also extend to other disciplines, to investigate whether the current
outcomes hold true for students studying science and humanities as well.
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Concluding remarks


The results of the current article indicate the following:


(1) Continuous assessment supports student success of male students more than that of
female students.


(2) There does not seem to be a particular type of assessment responsible for this gender
difference.


(3) Writing assignments and mandatory homework assignments may be detrimental to
students’ motivation.


We believe that teachers who want to improve student achievement by introducing
continuous assessment can benefit by carefully aligning the continuous assessment with
the final examination of the course. Additionally, perceived usefulness of the continuous
assessment is of importance to keep ‘students motivated’ as well. When these points are
taken into account, continuous assessment can be a potent measure to improve student
achievement.
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This paper reports the effect of continuous summative assessment on the behaviour and learning
environment of students. Assessing the performance of students is considered to be the most impor-
tant thing a teacher can do for their students and it can have a profound effect on their learning.
Continuous summative assessment was introduced as a form of assessment on a module within an
undergraduate degree at a UK university. Student perceptions of the process were sought via a ques-
tionnaire and interviews. The paper describes the effect the assessment had on student motivation,
their approach to learning and the change to their learning environment. The conclusion reached is
that while continuous summative assessment may be time-consuming to administer, the rewards of
an enhanced learning environment for students outweigh the additional burden on staff. The results
should be of interest to those academics who are concerned with assessment and its impact on
behaviour.


Background


Ellington (1999) and Race (1995) both advocate that the most important thing that
teachers do for their students is assess their performance. Assessment is a generic
term for a set of processes that measure the outcome of students’ learning (Quality
Assurance Agency) and previous researchers are of the opinion that one of the best
ways of improving student learning is by altering the method of assessment (Brown
et al., 1997; Greer, 2001). Kolb’s (1984) model of professional development involv-
ing the self-reflective cycle of observation, reflection, planning and action was
adopted by the leader of a business taxation module on an undergraduate accounting
degree at a UK university. As a result of this process, the method of assessment on
the module was altered to incorporate the submission of tutorial files throughout the
semester. Tutorial files consist of answers to tutorial and workshop questions. These
files are submitted for assessment three times during the semester. Consistent with
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the role of the reflective practitioner, the module leader was interested to engage in
critical reflection, observe and appraise the context, the effects and effectiveness of
this new form of assessment and incorporate any necessary changes the following year
(Schon, 1983; Rowntree, 1985; Larrivee, 2000).


This evaluation process is consistent with the model for action research where the
practice-based emphasis, incorporating evidence gathering and reflection, offers obvi-
ous advantages for the change agency role of educational development (Hand, 1998;
Cowan & Weedon, 1999; Cousin, 2000). Although through its unique epistemology
it is considered to be an inclusive practice-enhancing process, through which it is
possible to develop education theory (Robertson, 2000), the module leader was of the
opinion that further evidence was required before the theory could be postulated that
tutorial files are a legitimate learning and assessment tool.


The submission of tutorial files was introduced as a method of assessment on the
Business Taxation module on the BSc (Hons) Finance and Accounting programme
at a UK university. Past students had found this module difficult and the new module
leader for the 2001/02 cohort was concerned to assist students in their learning
process. In 2001/02 and 2002/03 as part of the module evaluation, students were
briefly questioned on their opinion of the tutorial files. The questionnaire and results
are shown in Appendix 1. The responses were extremely positive with students
commenting that they liked the fact that the files contributed to their overall grade for
the module, the regular submission allowed them to keep up to date with the required
work for the module and they thought the files helped with their revision for the final
exam. The module leader was interested in delving further into the reasons why
students liked the assessment and investigating in what way students perceived that
the files improved their learning environment. She was also interested in discovering
if there were any negative aspects related with the assessment. A selection of students
in the 2003/04 cohort were interviewed. This paper discusses the results of the ques-
tionnaires in 2001/02 and 2002/03 and the findings from the interviews with students
in the 2003/04 cohort.


The module is taken by around 45 students in the final year of a 3-year degree, and
is worth 20 credits of the total 360 credits on the degree. The tutorial files account
for 10% of the total marks on this module, with the other assessments being 15%
essay and 75% final examination. As well as lectures, students attend a workshop
each week with the whole cohort and one tutorial with half the cohort. Questions for
tutorials and workshops are given out in advance and students prepare answers for
tutorial and workshop classes. Tutorial questions tend to be short numerical ques-
tions and also theoretical questions requiring narrative type answers and quite a bit of
reading, while workshop questions are all longer numerical type. All questions are of
exam standard. Students’ answers are discussed in tutorial and workshop classes with
students being allowed to correct and update their original answers before submitting
their file. This happens for three weeks and at the beginning of the fourth week the
files of the previous three weeks’ tutorials and workshops are collected for marking.
Tutorial/workshop files are collected three times during the semester. Files are
returned the week after collection, marked out of ten and with comments for
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improvement. Suggested answers are then posted on the Blackboard web site.
Originally students could word-process their answers, but as an improvement after
the first year of submitting files, to ensure students do not cut and paste answers and
to provide a better preparation for the hand-written exam, the requirement to hand
write answers was introduced.


Key concepts in assessment


Assessment consists, essentially, of taking a sample of what students do, making infer-
ences and estimating the worth of their actions (Brown et al., 1997). This is basically
how to assess but perhaps a more important question is why. There are a variety of
purposes of assessment and from these the main purposes of the tutorial file as a form
of assessment have been identified as to: 


● provide feedback to students to improve their learning
● give the teacher feedback on how effective and successful they are at promoting


learning
● motivate students
● enable students to correct errors and remedy deficiencies
● consolidate student learning
● convey to students what we want them to learn


(Brown et al., 1997; Brown & Smith, 1999; Biggs, 1999b)


These purposes can be condensed into three main topics: feedback, motivation and
student learning.


Feedback


Assessment can be either formative or summative. Traditionally, summative assess-
ment measures student achievement and formative assessment creates feedback to
students about their learning achievements with the intention of enhancing learning.
Summative assessment provides information about the level of a student’s perfor-
mance. Knight (2001, p. 3) describes summative assessment as providing ‘feedout’
to be used as a performance indicator. It can be linked with the concept of high-stakes
assessment where the result of summative assessment can affect the student’s future
in some way. The greater the impact, the higher the stake.


Formative assessment should provide feedback to students to allow learning to
be enhanced and is considered to be the lifeblood of learning (Rowntree, 1987).
Assessment is a time-consuming process for all concerned, so it seems like a wasted
opportunity if it is not used as a means of letting students know how they are doing,
and how they can improve (Brown et al., 1996). A good teacher will be effective at
promoting learning. The Institute for Learning and Teaching (now the Higher
Education Academy) recognises that an excellent teacher will include the use of
formative feedback to foster student learning. There are a number of performance
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indicators in connection with assessment which can be linked to teaching quality.
Race (1993) recognises two of these as being when coursework is set regularly and
marked promptly. He also acknowledges that the greater amount of feedback that
learners can receive before the end of course assessment, the greater the opportunity
to learn from such feedback. The timing of traditional assessments is usually too late
for early feedback (Light & Cox, 2001), therefore assessment should be timely with
opportunities for rehearsal and feedback (Brown et al., 1996). It is important for
students to have a sense of their own progression through the course and how they
are coping with it (Light & Cox, 2001). Race (1995) identifies good feedback as that
providing not only grades and scores but also feedback discussion and written
comments on assessed work. Chickering and Gamson (1987) recognise that students
need appropriate feedback on performance to benefit from courses and that assess-
ment without timely feedback contributes little to learning. They promote the
prudent use of model answers, taken either from students’ work or specially written
by the lecturer, as an excellent form of feedback.


The dangers of feedback, however, are that students can become over-dependent
on this support. The ultimate aim in students becoming professionals is that they are
no longer highly dependent on others for judgements about the quality of their work
(Light & Cox, 2001).


Motivation


Assessment can be used to provide motivation. Snyder (1973) and Gibbs (1988)
found a considerable amount of evidence that assessment systems dominate what
students are oriented towards in their learning. Strategies for modifying the assess-
ment system that can influence students’ approaches include integrating assessment
into the learning process so that what is assessed is the total learning experience. This
is assessing process rather than product and will go a good way towards encouraging
a deep approach to learning. Rowntree (1987) is also of the opinion that assessment
can be used to encourage students to learn. His following comments replicate the
function of assessed tutorial files in motivating and encouraging learning: 


Assessment can be used as an instrument of coercion, as a means of getting students to do
something they might not otherwise be inclined to do … Some teachers consider it as
much a necessary part of their duties to supply students with motivation as it is to supply
them with objectives and structured lessons … Consider the teacher whose aim is for the
student to become autonomous enough to develop his own goals and learning strategies.
Even he may feel that the student’s motivation will be all the better for some external stim-
ulus from assessment. Many such a teacher, while valuing his own freedom as to how he
spends his time, will admit how the occasional deadline or external stimulus like the need
to deliver a lecture, or prepare a report for a committee, can concentrate and energise his
activities. (Rowntree, 1987, p. 379)


Extrinsic motivation is an unconvincing part of higher education, while intrinsic
motivation, i.e. love of learning and intellectual development, is generally considered
to be more valuable, driving deep learning and the best academic work (Biggs, 1999a;
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Light & Cox, 2001). Although Chickering and Gamson (1987) recognise that
students need help in learning effective time management, Rowntree (1987) has
noted that for every student who confesses themselves in need of a constant prod from
assessment there will be another who claims to be distracted and enervated by it.


Student learning


There is an increasing emphasis on the learning enhancement purpose of assessment
(Holroyd, 2000). Heywood (2000) takes the view that, since students learn in part to
be assessed, their learning should be assessment led in the most positive meaning of
the phrase. Good assessment will be as useful to students as possible, should be a key
part of the learning process (Ellington, 1999) and will probably have a greater influ-
ence on how and what students learn than any other single factor (Boud, 1988). In
fact, assessment methods and teaching/learning methods are now very often the
same thing. In aligned teaching, assessment reinforces learning (Biggs, 1999a).
Included as the first rule in Ramsden’s (1992) fourteen rules for better assessment in
higher education is: ‘link assessment to learning … assess during the experience of
learning as well as at the end of it’. Elton and Johnston (2002, p. 204) believe there
is a growing trend towards a ‘post-positivist’ approach to assessment where educa-
tors are increasingly searching for ways to encourage learning processes in line with
learning theory.


Practicable and realistic


In addition to fulfilling the purposes of providing feedback, enhancing motivation and
consolidating student learning, assessment should also be efficient. The burden on
staff should not be excessive, nor should be the demands on students undertaking the
assessment tasks (Brown et al., 1996). It is important to ensure that tasks set can be
achieved in the time available and that assessment workloads are realistic. However
Chickering and Gamson (1987) recognise that time plus energy equals learning and
that there is no substitute for time on task. Any system of assessment must be accept-
able to faculty and not unduly increase their already excessive workload (Light &
Cox, 2001). Heywood (2000) has said that some assessment methodologies are time
consuming and need to be subject to benefit–cost analysis, but this should take into
account the advantages and disadvantages of the existing system and this should not
be done in isolation from student learning and development.


It is difficult for one element and type of assessment to satisfy all the criteria. Lines
and Gammie (2004) have an interesting and amusing way of describing assessments
depending on how well they satisfy the criteria of being educationally effective and
management and resource efficient. ‘Stars’ are both educationally effective and
management and resource efficient while ‘WOTs’ (waste of time) are neither. ‘Big
Macs’ (fast food but ultimately lacking in taste) are those methods that are highly effi-
cient but not necessarily very effective educationally while a ‘Persian Cat’ (exquisite
to look at, fussy and time consuming to look after) are highly effective in educational







510 E. Trotter


terms but require a great deal of staff time in supervising and assessing (Lines &
Gammie, 2004, p. 72). Part of the purpose of this research is to determine into what
category tutorial files would fall.


Research method


The model suggested by Mason (1996) was used to formulate a research plan. This
model ensures that the purpose of the research is clearly defined and linked with the
research questions and that there is alignment of the research questions with appro-
priate, compatible and justifiable data sources and research methods. The purpose of
this research is twofold: first to consider whether tutorial files are a legitimate form of
assessment and secondly to evaluate their influence on the learning environment.
This leads on to specific research questions. The function of research questions is to
explain specifically what the project will attempt to learn or understand (Maxwell,
1996) and with this in mind the following questions were formulated: 


1. Do tutorial files satisfy the criteria for effective and efficient assessment as
detailed in the theory?


2. Has the introduction of tutorial files improved the student learning environment?


There were three parts to the research. A literature review on the theory of assessment
was conducted and the practice of tutorial file assessment was compared with this. A
questionnaire was completed by the first two cohorts of students who were assessed
using tutorial files. The questionnaire and responses are included at Appendix 1.
Semi-structured interviews were conducted with a selection of students from the third
cohort. Eleven students from a cohort of 44 students were invited to interview.
Students were selected to ensure that all grades achieved on the module were repre-
sented. Eight students came for interview. Two students failed the module and both
of these students declined to be interviewed. The topics discussed at interview were
informed by the literature and represented the areas that were identified from the
literature review and the previous questionnaire responses as being relevant to this
form of assessment. The invitations to interview and the actual interviews were
conducted by an assistant who had not previously met the students and had no
connection with their degree.


The data was analysed by utilising a thematic approach. Interview transcripts were
read a number of times and emerging themes were noted and coded. A spreadsheet
for each theme was produced on which sub-themes and frequency of comments on
these were recorded. In this way overall conclusions on each theme could be
surmised.


Results


Student comments which were included on the questionnaire are denoted as Q, and
interviewee responses are denoted as S followed by a number to denote which of the
eight students made the response.
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Students enjoy the extrinsic motivation of continuous summative assessment


80% of questionnaire respondents wished to have tutorial files retained as a form of
summative assessment (see Appendix 1). The subject of business taxation is progres-
sive, requiring reasonable knowledge of the previous topic to obtain an understanding
of the next one. The rationale for incorporating the submission of tutorial files was to
motivate students to study throughout the semester. The requirement to submit files
to be assessed meant that students were motivated to alter their behaviour and adopt
a more continuous learning style. 


It changed your behaviour ’cause instead of leaving stuff to the last minute and not doing
any work through the semester I was working constantly. It might have been in three week
chunks where work increased towards the end of a three week period but it still made me
learn as I went along. (S4)


In every other module, I would just leave everything till a few weeks before the exam before
I even looked at anything. (S7)


All students interviewed commented that they would normally leave most of the
work for a subject until much closer to the end of semester and the examination
period. For some students and some subjects, this is not necessarily a problem. Some
students are able to cope with ‘cramming’ for their examinations and may perform
equally as well as if they had worked throughout. However, what is interesting from
students’ responses is that they actually appreciated having the external stimulus of
assessment and they recognised that without it they would not have worked as well or
continuously. Students preferred to work throughout the semester rather than leaving
it all to the end. They were also stimulated to ‘work harder’. 


I would have said you were definitely more motivated knowing that your work actually
counts for something in the tutorials and so you prepare your work knowing you are going
to get marked on it therefore you do it to the best of your ability, more so than you would
otherwise I think. (S5)


The tutorial files which were assessed have been an important feature of my learning giving
me the motivation to read more widely and expand my subject knowledge. (Q)


I wouldn’t have spent nearly as much time doing them if they didn’t have to be handed in
… I wouldn’t have researched them as much and covered them in so much detail. (S3)


In the main, students commented that they spent more time on the subject than
they otherwise would and admitted they would not have done as much work if the
files had not contributed towards their final grade. 


I can be quite lazy so I don’t think I would have put as much effort into doing the questions
… ’cause we wouldn’t have been giving them in to be marked. I think that that is the incen-
tive to do the work. (S6)


If they didn’t count in my mark, the standard just wouldn’t have been there ’cause some
weeks I probably wouldn’t have been even bothered doing them and it would have just
been lazy. (S7)


We did have another module which did a sort of similar thing but there were no marks for
it and you didn’t really tend to have it as neat as you would have normally … that [the files
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counting towards the final grade] was good ’cause you were getting rewarded for really
putting some effort in … with the one that we didn’t have marked [on another module]
you weren’t encouraged to have it set out as neatly or ensure that it was totally complete.
You had sort of notes all over the place, it wasn’t as good. (S8)


Students also appreciated being rewarded for their hard work. 


Because the files are assessed, I feel that I am getting something back directly for the work
I put in. (Q)


Sometimes if you got your marks then you would think, yeah, you know you did deserve
that mark after doing all that work. (S1)


Negative responses with regard to motivation focused on the time required to
complete the tutorial files. 42% of questionnaire respondents thought the tutorial files
took too long to prepare while 38% were non-committal on that question. While 43%
of questionnaire respondents then concluded that the time spent was no more than
would have been spent on the subject anyway, the comments from interviewees
supports the conclusion that the time spent during the semester would be less, with
the time being made up by some students during the revision period. Discussion of
students’ revision strategy is provided later in the paper.


Student comments at interview favoured the opinions that there were ‘probably too
many questions and took too much time’ (S7) and ‘the level of work was probably too
much for one module’ (S4). One student found the amount of work to be demotivating
and said that she missed classes as a result of the time taken to prepare the tutorial files.
Students spent less time on other subjects, although not necessarily as a result of the
time spent on business taxation. In fact two students suggested that the fault was with
other modules. They should ‘see what they can do to them to make you work’ (S4).


While students commented on the additional work required and allocated by them
to this module, only one student thought that it reduced their time spent on leisure
activities. Instead some students managed their time better by often doing the work
for the tutorial files in the time between classes. 


As we were in uni, we used to do the tutorial questions while we were actually in uni in the
gaps we had, so it wasn’t affecting leisure time. (S5)


It made me use the library more, you know, stay here and do work in university time. (S7)


The conclusion here is therefore that the submission of regular work for assessment
is welcomed by students and is effective at motivating them to study. Consistent with
the findings of Elton and Laurillard (1979), students like the fact that their hard work
is rewarded by it counting towards their final grade, even though the amount allo-
cated may only be small and not considered to be high stakes. Submission of regular
work for assessment motivates students to work continuously throughout the semes-
ter, encourages them to spend more time on the subject than they otherwise would,
enables them to better manage their time and inspires them to produce a better qual-
ity of work. However attention should be given to the amount of work required to
ensure that it is not so time consuming that it affects the time allocated to other
modules or becomes demotivating.
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Students welcome and respond to regular and early feedback


I think regular feedback helps to give me an idea of how well I am doing. (S2)


All students indicated that they obtained useful feedback resulting from the exercise
of preparing and submitting work for assessment. Interestingly, the feedback took the
form of not only the grade and comments from the tutor, but also personal feedback
from the exercise which clarified weaknesses for students and allowed them to be
rectified at an early stage in the semester rather than being identified only at the revi-
sion stage. 


I think the tutorial files give you the indication that something’s not going very well or
you’ve not understood that perfectly well. (S8)


You know when you do a piece of work whether it is good or not. (S3)


The feedback from the first tutorial file enabled students to learn from the experi-
ence and alter their behaviour accordingly. The tutorial files are therefore fulfilling the
formative purpose of assessment. Students who had not performed as well as
expected were motivated to improve their result, while those who obtained a good
grade were encouraged to continue this form. 


After the first time, you just start preparing as soon as you get the questions, whereas the
first time you may have saved it till a bit later on. You get everything done before the tuto-
rial and so they help you to understand when they are explaining it during a tutorial. (S2)


I worked even harder because once I got my mark I thought, well I want to maintain that
now. I want to stay at that level. I don’t want to be going down the way, so you are contin-
ually motivated to attain that level again. (S8)


It made me look at the time available. I knew that after I had handed in the first file I had
learned a good lesson ’cause I thought I had more time than I did really handing that file
in. That file was probably, I admit it was rushed, whereas the other two, it was like I learned
from that mistake and I spent more time throughout the three week period on them. (S4)


The first mark I got back was slightly lower than what I thought I would have got, but then
again that spurred me on to do even better on the next two. (S5)


This finding is important. In recent years, the portfolio approach to assessment has
become a popular method of assessing the process of learning (see for example
Baume et al., 2004; Lines & Gammie, 2004). It generally requires the portfolio to be
worked on throughout the period of study and submitted for assessment at the end.
Every student who was interviewed responded in some way to the feedback obtained
from the first tutorial file. An assessment strategy which encourages students to work
continuously throughout the semester but does not ask for regular submissions will
deny students the opportunity to learn from that feedback.


Traditionally, summative assessment measures student achievement and formative
assessment enhances learning (Light & Cox, 2001). Knight (2001) has questioned
whether the purposes of formative and summative assessment are mutually exclusive.
When a mark is allocated to the tutorial file, it becomes both formative and summative
assessment. To ask students to submit work for formative feedback only is unrealistic.
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As noted above from student comments, they generally need some extrinsic motiva-
tion to do so. Knight (2000, p. 249) argues that ‘there is no reason why that feedback
should not contain an indicative mark’, thereby allowing the work to be both forma-
tive and summative. This research provides the evidence that it is possible to utilise
assessment that is both formative and summative. The low-stakes assessment of tuto-
rial files is consistent with this approach.


Students perceive that their learning has improved as a result of the regular submission of 
assessed work


94% of questionnaire respondents thought that the tutorial files improved their
understanding of the subject. This paper is not trying to demonstrate that every
student’s grade was improved as a result, but is instead emphasising that students
perceived that their learning was improved. The fact that students had to submit tuto-
rial files affected their approach to their studies by encouraging them to pay more
attention in classes and being more careful with their preparation for them. 


I think we would have learned less (without submitting tutorial files) because it really did
help us with the nine weeks that we had tutorials, we did find ourselves paying more atten-
tion to tutorials. (S2)


It would probably have improved the learning ’cause there is probably more emphasis on
picking up in lectures, the theory and how to do calculations, so you can go on to do the
tutorial file and hopefully get some sort of right answers before you get to the tutorial. (S6)


I think I definitely got a better mark overall because of the tutorial file … because it
pronounced what I knew, I think it helped in the final exam. (S5)


It had a major impact, I wouldn’t have done as many questions, I wouldn’t have spent as
much time, I wouldn’t have done as well in tax, that’s it. (S4)


Improvement to learning and grade is difficult to prove, especially on this module
where the requirement to complete tutorial files was introduced at the same time as
a number of other changes to the module. However what is just as important is the
fact that students perceive their learning to be enhanced by this form of assessment.
The continuous assessment makes them feel good about their commitment to their
studies and is enhancing their learning environment.


Students commented that the tutorial files compelled them to improve their time
management by utilising their available time more efficiently. They instigated group
discussion both within and outwith the classroom and encouraged practice as an aid
to learning. All students interviewed had a perception that they had learned more
during the semester than they otherwise would. Two students thought that this would
have been made up during the revision period.


Students found the tutorial files useful as a revision tool


The tutorial files had a major impact on the students’ approach to and experience of
revision. 91% of questionnaire respondents found the files useful as a revision tool.
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The comments of students who were interviewed centred around the fact that revision
was now much more meaningful as revision. Their experience of revision prior to this
was that too often subjects had to be retaught before revision could commence whereas
with business taxation they were able to remember topics sufficiently to be able to
attempt past exam questions. The file itself was also a useful source of revision material. 


It helped me to understand so when I did come to revise and do past papers, I had half a
clue how to go about it … it just makes your revision much more purposeful. (S7)


I think it was very useful ’cause the knowledge wasn’t just in the file but it was also like, I
also knew in my head the facts I needed to know. (S4)


I find that regular submission enables me to carry on revising while keeping on top of this
module. (Q)


For revision they were absolutely brilliant ’cause you had all the notes there to go
through. (S3)


When you come to revise, you can revise more as it doesn’t take as long to remember
things. (S5)


Although all students found the files useful in their learning process and for revi-
sion, when asked if they wished they had kept a similar file for other subjects, two
students answered ‘no’. Their reasons for saying this differed. One student said, ‘No,
we had so much work for it and just for 10%’ (S1), while the other student would not
have kept a file because, although he found the file useful, he would have done as
much work on each topic and for the exam. He preferred to do his revision using past
papers. It is interesting to note that the first student marginally passed the module
while the second obtained a first class pass.


Too good to be true


The overall impressions from the analysis of the transcripts of the student interviews
is that students welcomed the incentive to work throughout the semester, reacted to
the feedback provided and perceived that their learning had improved. However
within those responses there were also some negative comments and while these were
in the minority, they are worth reporting. Some negative comments are included in
the analysis above and others are further discussed below. The responses have been
further analysed to determine if there are differences between opinions depending on
the grade achieved. It is also necessary to consider the tutor’s perspective and how the
tutorial files impact on their already full workload.


Students were asked what they did not like about the tutorial files. One student
responded ‘nothing’. Five students mentioned the amount of work involved and this
has already been discussed above. Of those five, two tempered that with the observa-
tion that ‘you got used to it’ which perhaps is an indication of how the tutorial files
also improved students’ time management. Two students mentioned that the files
were ‘a bit of a pain at the time—but you got used to it’ and one found them a ‘bit
stressful, but not great’. During the interviews, one other student mentioned they
found the files stressful, while three did not find them stressful and three found them
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stressful but found the stress helpful. These responses are an indication that individ-
uals react differently to high workload situations, with some finding it enervating
while others find it stimulating. In this respect, higher education is no different from
the situation in any working environment and allowing students to find their response
to this type of circumstance is not necessarily a bad thing.


While all students found the files motivated them to work continuously through-
out, one student found that after putting so much effort into the first two files, she
lost her enthusiasm by the time it came to the third file. 


There was so much work involved in them that by the last one we just didn’t really want
to do it and didn’t put the effort in that we did on the earlier ones. (S3)


It is apparent that some students are more enthusiastic than others. Students who
obtained an overall mark in the 40% range tended to be less enthusiastic overall.
Whenever one or two students’ comments differed from the others, those dissenting
included at least one or more of the three students who obtained an overall grade in
the 40% range. The student quoted above is one of these. One student was the only
one who did not comment that she would have learned less if she did not need to
complete the tutorial file. This same student was the only one who decided to spend
less time completing the files after having her first file returned and did not mention
that she had used her time more efficiently as a result of the work required completing
the files. Another student was the only one who did not consider that the files were a
lot of work. He found the workload ‘alright’. These comments by lower graded
students are not unsurprising. If students do not fully engage with the process, then
they are unlikely to reap its benefits fully and this is reflected in their lower grades.
Two of these students resented being forced to work harder than they otherwise would.
However if it had the desired effect of preventing them from failing then it will have
been worthwhile, although it is not possible to say whether or not this was the case.


It is unfortunate that two of the students who declined to participate were the two
students who failed the module. It should be clarified that they did not decline in so
many words but just failed to turn up for interview on two occasions each and then
were unable to agree a date. This may be indicative of their approach to their studies
overall but could also be a reflection of their embarrassment over their final grade and
unwillingness to discuss their predicament. The interviewer was unaware of the grade
any of the interviewees had achieved.


Some comments that were not indicative of the interviewees as a whole also came
from the two students who achieved a grade of above 70%. These two students both
commented that the files were a good way of learning but disagreed that they spent
more time on the module that they otherwise would. One of these students would
have spent the same amount of time during the semester but appreciated having her
work organised in a file, while the other would not have spent the same time during
the semester but usually concentrated his efforts in the revision period and would
have caught up then. Both agreed they had learned more than they thought they
would have without the files, but had spent a similar amount of time studying the
subject overall that they would have anyway.
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This is different from the other students. Their perception was that they benefited
from improved learning as a result of the files but that the improved learning was
instigated in part by the additional time they spent on this subject that they would not
otherwise have expended.


The differences between the grades is related to their attitude to studying and
resultant behaviour. A summary of the differences in responses between the grades is
that the two students with a grade above 70% reported they would have spent as long
studying the subject, albeit using a different format and at different times than the
tutorial files requirement dictated. The three students in the 50%–70% band would
not have spent as much time studying the subject. They needed and appreciated the
incentive to work and while they spent less time on other subjects, the reason was not
because they spent too much time on business taxation but because the other subjects
were not continuously assessed. Students in the 40%–50% also needed the incentive
of continuous assessment to compel them to study regularly but saw it more as an
imposition and something that had to be done rather than being something that
would benefit them.


The final topic for discussion is to consider how efficient the assessment method is.
One of the criteria that a good assessment method should satisfy is that it should be
practicable and realistic. The costs should not outweigh the benefits for both students
and tutor. Students’ perceptions of the workload have been discussed above and it is
necessary for the tutor to consider how the workload can be reduced without decreas-
ing the perceived benefits to students. One solution is to reduce the number of ques-
tions to be completed, especially for the first file which generated the most comments
regarding the time taken to complete.


The submission of tutorial files to be assessed increases the workload of the tutor
both in terms of administration and marking. The question to be considered for any
tutor is whether this increased effort, mostly during the semester, is worth it, and
whether it can be reduced. The benefits to students in terms of an enhanced learning
environment need to be considered against the additional burden to the tutor. The
cohort size in this study is relatively small at 44 students and the time taken to mark
the files was not considered to be excessive. However, for a larger class, time spent
marking could perhaps be reduced by developing and incorporating computer gener-
ated letters that included standard comments and grades on files. It should also be
borne in mind that time spent assisting students with learning during the semester
may reduce the number of students required to resit and therefore the burden at that
time will be reduced.


The incorporation of peer assessment could be a solution to the problem. It would
certainly reduce the burden of assessment for the tutor. Although it increases the
workload for students, peer assessment can be a useful tool. It sharpens content learn-
ing (Biggs, 1999a), and can promote critical thinking (Brown, 1997). Peer marking
can be as reliable as tutor marking but is dependent upon the marking scheme used
and the training provided to students (Brown, 1997). However, planning the first try
of peer assessment is likely to be time consuming and the use of unduly complex
procedures can put a burden on students and staff (Brown, 1997). The introduction
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of peer assessment, contrary to popular opinion, could actually add to the burden
rather than reduce it.


Utilising the depiction of assessment contained in Lines and Gammie (2004), the
conclusion reached regarding the dichotomy between effectiveness and efficiency is
that tutorial files as a form of continuous summative assessment would probably be
sited in the ‘Persian Cat’ range of assessment. The student responses indicate that the
submission of tutorial files to be assessed throughout the semester is an effective form
of assessment in educational terms. However it takes time to read, assess and grade
the tutorial files. The grading of tutorial files adds to the tutor’s burden during the
semester and some may not consider it to be an efficient use of their time. However,
although time consuming to administer, tutors need to consider the advice of Heywood
(2000) and take into account the benefits to student learning and development.


Conclusion


The over-riding impression from the analysis of student interviews and the question-
naires is that students are extremely positive about the use of continuous, summative
assessment in the form of tutorial files. This approach to summative assessment has
provided the extrinsic motivation required to focus students’ activities on the required
tasks which results in a learning environment that encourages group discussion and
practice and inspires students to produce their best work.


The personal feedback from the task of preparing the tutorial files allows students
to remedy any deficiencies they are able to and the ensuing discussion in the tutorials
and workshops provides the opportunity for students to learn from others and to
articulate their own knowledge. The feedback when the files are marked and returned
motivates students to improve or maintain their performance.


The work involved in preparing tutorial files results in the embedding of knowledge
such that students are able to benefit properly from revision and the files themselves
are a useful source of revision material. The majority of students believe that as a
result of having to prepare tutorial files, they have learned more about the topic and
as a result, their grade has improved.


This overall positive result is tempered by the differing approaches to the task and
opinions of the various grades of students represented in the study. Tutors need to be
aware that the additional burden of continuous summative assessment may be a
disincentive for some students.


While continuous summative assessment may be a ‘Persian Cat’, the rewards
of an enhanced learning environment for students outweigh the additional burden
on staff.
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Appendix 1. Questionnaire to students


Results of questionnaire on Tutorial File


Do you find the tutorial/workshop files:


Please comment on any aspect regarding tutorial/workshop files:


Various comments were included and have been referred to throughout the paper.


Strongly 
agree


strongly 
disagree


No % No % No % No % No %


Useful as a revision tool 46 66 17 25 6 9
Take too much time to prepare 5 7 24 35 26 38 11 16 3 4
Don’t take any more time to prepare than 
would have been spent revising topic 
anyway


5 7 25 36 23 33 14 20


Help you to understand the topic 41 59 24 35 4 6
Mean other subjects suffer 3 4 23 33 20 29 19 28 4 6
Should be removed from assessment i.e. 
not handed in to be marked


5 7 1 1 8 12 15 22 40 58


Should be kept as they are 29 42 20 29 13 19 3 4 4 6


% = % of respondents
69 out of 84 students completed the questionnaire (82%).
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Abstract
This quasi-experimental study reports on the effectiveness of three assessment strategies for students’ 
performance. The primary goal was to determine whether there are any improvements in students’ 
conceptual learning when a frequent (weekly) quiz is used for grading purposes compared to using midterm 
and final examinations only. Another goal was to ascertain whether students perform better when they are 
allowed to work collaboratively on quizzes compared to students taking quizzes individually. The results 
showed that when the quizzes are open-book, and students have a chance to collaborate (discuss in pairs 
how to answer the quiz questions), they perform significantly higher in their final examinations and their final 
projects (an indicator of conceptual learning).
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Assessment strategies in higher education


The recent paradigm shift in higher education from a focus on teaching to a focus on learning has 
amplified the importance of assessment strategies in many countries (Rust, 2002). According to some 
educators, learning is so driven by assessment that the form and nature of assessment often swamp 
the effect of any other aspect of the curriculum (Boud, 1990). Generally, there are two main purposes 
of student assessment. The first one is called formative assessment which intends to improve the 
quality of learning, and the second is called summative assessment that concerns the accreditation of 
knowledge or performance (Boud, 1990). Frequent collaborative testing is introduced in this article 
as an assessment strategy in which both of these goals are targeted simultaneously.


Frequent assessment could be used as an integral part of teaching to engage students and to 
enhance their learning (Rezaei and Lovorn, 2010). It is suggested that frequent testing encourages 
students to stay on task in class, motivates learners to study and review more often, gives teacher 
a chance to correct students’ errors, and gives students the opportunity to figure out what is impor-
tant and what are they exactly expected to learn (Phelps, 2012). However, we need to learn how to 
use frequent testing as a way to involve students in meaningful and active learning. Several 


Corresponding author:
Ali R Rezaei, 1250 Bellflower Blvd, Long Beach, CA, USA, 90840. 
Email: al.rezaei@csulb.edu


589627 ALH0010.1177/1469787415589627Active Learning in Higher EducationRezaei
research-article2015


Article



mailto:al.rezaei@csulb.edu

http://crossmark.crossref.org/dialog/?doi=10.1177%2F1469787415589627&domain=pdf&date_stamp=2015-06-10





188 Active Learning in Higher Education 16(3)


approaches have been considered to improve students’ learning through frequent testing. Some 
educators have suggested using open-book tests while others recommend closed-book tests (Gharib 
et al., 2012). Some have argued that tests are more successful if teachers provide students with their 
notes, while others believe students should take their own notes (Raver and Maydosz, 2010). An 
important factor that has not received much attention in the literature is the effectiveness of col-
laborative test taking. The following literature review synthesizes the literature on frequent testing 
with an attempt to find the most effective ways in which teachers can engage students in concep-
tual learning.


Recently, technology has made it possible to design and administer tests much faster and easier 
than the past. Technology has also facilitated teachers’ communication with students and collabo-
ration among students. Consequently, three topics have been given special attention in the litera-
ture: first, the effectiveness of frequent testing on students’ achievement (Bangert-Drowns et al., 
1991; Başol and Johanson, 2009; Phelps, 2012); second, students’ access to teacher’s notes or the 
comparison of open-book, open-note, or open-web with closed-book tests and quizzes (Agarwal 
and Roediger, 2011; Gharib et al., 2012); finally, the use of PowerPoint and/or class notes in teach-
ing and the comparison of the time (before lecture vs after lecture) of students’ access to class notes 
(Westerkamp et al., 2013). As reflected in the following summary of the literature, the results of 
these investigations are limited because most of earlier investigations have focused on one strategy 
at a time.


Frequency of testing


Many studies have been conducted in the past to investigate whether students who are frequently 
tested learn better than those who are only tested at the middle and/or end of the semester (summa-
tive assessment). Summative assessment has been traditionally used in higher education, and still 
many teachers use them for grading purposes. However, as noted by some educators, summative 
assessments occur at the end of a semester when there is no time for correction in students’ projects 
or papers after receiving feedback from the instructor (Pokorny and Pickford, 2010). Others have 
argued that even when timely formative written feedback is provided, it may not be read, may not 
be understood, and may not be acted upon (Gibbs and Simpson, 2003). Therefore, frequent (daily 
or weekly) testing and frequent effective feedback has been suggested as a process of ongoing 
engagement through the provision of opportunities for self-assessment and dialogue (Race, 2008).


With formative assessment through frequent testing, teachers try to urge students to read and 
practice more. However, if the test or quiz is not graded or does not have marks (points) attached, 
many students will either not do it at all or only do it in a perfunctory way (Rust, 2002). Teachers 
also expect that frequent testing and immediate feedback will help both the teacher and students to 
identify their weaknesses and/or their misconceptions. Through frequent testing and immediate 
feedback “students generate internal feedback as they monitor their engagement with learning 
activities” (Nicol and Macfarlane-Dick, 2006: 2). Finally, frequent testing is expected to positively 
influence students’ study habits. However, researchers have not ascertained whether frequent test-
ing actually leads to higher order thinking and deeper understanding (conceptual learning) or sim-
ply increases factual knowledge.


Frequent testing is usually not an easy task for either students or instructors. Taking tests can be 
stressful for many students and designing and grading frequently could also be an overload for 
teachers. Furthermore, some teachers, particularly in higher education, are not convinced of the 
positive effects of frequent testing (Başol and Johanson, 2009). They believe that with frequent 
testing teachers will not have enough time for instruction and students may focus on how to per-
form better on the test rather than focusing on learning. Educators have criticized this phenomenon, 
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well known as “teaching to the test.” For example, Volante (2004) reported that while students’ 
scores rise when teachers teach closely to a test, learning often does not change. This viewpoint has 
led some higher education instructors to avoid tests and focus mainly on papers and projects. 
However, one should note that “teaching to the test” is more likely to happen in high-stake assess-
ments rather than daily or weekly quizzes.


Individual and meta-analysis studies have frequently reported the positive effect of frequent 
testing on students’ achievement. The positive effects of frequent testing have been observed in a 
variety of subject matters and grade levels (Bangert-Drowns et al., 1991; Başol and Johanson, 
2009; Phelps, 2012). Marsh and Sink (2010) report that long-term retention is generally better after 
testing as opposed to studying with no testing. Some have compared weekly testing with biweekly 
testing and others have compared one test with more than one test per semester. Kika et al. (1992) 
compared two classes taught by the same instructor, the only difference in the classes was the fre-
quency of tests—weekly versus biweekly. They found that mean scores were significantly higher 
during the weekly testing periods than during the biweekly period. Interestingly, qualitative 
research studies demonstrate even stronger relationships. For example, Phelps (2012) reported that 
93% of qualitative studies have reported on the positive effects of frequent testing while only 1% 
reported negative effects.


Although several researchers have reported that frequent testing has positive effects on stu-
dents’ achievement, the results of a meta-analysis by Başol and Johanson (2009) showed that the 
effectiveness of frequent testing does not differ according to the frequency level used in high-, 
medium-, and low-frequency group studies. This means that it is not clear how frequent is fre-
quent enough and which subject matter might be appropriate for frequent testing. Başol and 
Johanson (2009) report that among different subjects, frequent testing was most effective in 
mathematics. In contrast with the common belief among educators, they report that among the 
three levels of learning (factual, conceptual, and problem solving), frequent testing was most 
effective for conceptual learning. Similarly, Hamaker (1986) reported that students’ performance 
was better on higher order questions than on factual questions. His findings also indicate that 
when the instructor provides feedback to learners after each test, the effectiveness of frequent 
testing increases. Regarding the above meta-analyses and individual studies, while it is clear that 
frequent testing has positive effects in most cases, it is not evident what factors increase or 
decrease its effectiveness. For example, does it make a difference if the tests are open-book or 
closed-book?


Open-book testing


The literature on open-book tests is not as rich as the research on test frequency, and the results are 
not as positive either. Most students prefer open-book or open-note examinations over closed-book 
examinations (Agarwal and Roediger, 2011). However, as Gharib et al. (2012) report, there is not 
much agreement among investigators as to which testing style might be more effective in students’ 
learning and their active engagement in learning. In theory, open-book examinations are designed 
to encourage students to study more deeply and put less emphasis on memorization (Stalnaker and 
Stalnaker, 1934). Feller (1994) has argued that open-book examinations are more authentic because 
people have access to resources they need to perform their job in real life. Researchers have 
reported different results in comparing open-book and closed-book examinations. Westerkamp 
et al. (2013) reported that medical students scored significantly higher when preparing for closed-
book tests. Similarly, Block (2012) observed that when students were told the examinations were 
closed-book they came to the test better prepared. However, Gharib et al. (2012) reported that 
open-book examinations in psychology courses led to better test scores, less test anxiety, and 
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greater student satisfaction. Similarly, Krarup et al. (1974) reported higher student grades with 
open-book examinations.


A factor that has not been thoroughly investigated is the long-term effect and long-term reten-
tion of material after open-book quizzes. One study showed that while in the short term open-book 
examinations had positive effects, the effectiveness on long-term retention was not higher than 
closed-book examinations (Agarwal et al., 2008). Likewise, Patil (2012) did not find a significant 
difference between the two modes of examinations in terms of student learning over time.


A similar debate exists regarding comparing closed-notes examinations with open-notes exami-
nations (Gharib et al., 2012) and comparing open-web examinations with closed-web examina-
tions (Williams and Wong, 2009). Interestingly, Agarwal and Roediger (2011) concluded that 
expecting and preparing for open-book examinations may impair long-term retention compared to 
the situations where students study to prepare for closed-book tests “despite superior initial perfor-
mance on open-book tests and students’ preference for open-book tests” (p. 836).


Finally, as suggested by Westerkamp et al. (2013), with the increasing rate of online resources 
available to students, the use of open-book and open-web tests seems inevitable. Nowadays, an 
important educational task for students is to locate, assess, and properly apply these resources in 
their projects. According to the authors, students’ ability to locate, assess, and synthesize online/
in-print information in a short time period (1–2 hours of examination time) cannot be assessed 
through closed-book tests.


Collaborative test taking


The merits of cooperative learning for adult learners have been well documented in the literature 
(Dallmer, 2004). The range of benefits includes engaging students in active learning, promoting 
self-understanding, encouraging critical thinking, improving interpersonal skills, increasing 
motivation, and learning about teamwork. Recently, some educators have argued that a vast 
majority of today’s students will ultimately find work in which they have to interact with other 
people (Hurren et al., 2006). In order to be successful in the job market in the future, the authors 
argue that students need to develop an ability to work with others. Yet, not all research has sup-
ported collaborative learning activities. For example, Bacon (2005) found that students who 
completed a project in groups learned less of the project-related content than students who com-
pleted a shortened version of the project individually. He argued that some students slack off 
when they work collaboratively in pairs and that this free riding likely reduces the learning of 
some students. Similarly, Kennett et al. (1999) concluded that cooperative learning did not facil-
itate academic performance.


Despite some skepticism about collaborative learning, many instructors are using collaborative 
projects in their courses because the number of positive reports is significantly more (Billington, 
1994). A few studies have indicated the benefits of occasional collaborative test taking (Bloom, 
2006; Russo and Warren, 1999). However, systematic and frequent collaborative quiz taking as a 
teaching strategy rather than as an assessment method has not been investigated. Surprisingly, 
studies have mainly focused on retention or immediate performance on tests rather than on inves-
tigating effects on conceptual learning, critical thinking, and higher order thinking.


In sum, many educators agree on the benefits of frequent testing. While a couple of studies have 
questioned the effectiveness of frequent testing on conceptual learning, overall it is not yet clear 
whether frequent testing would simply improve students’ performance on factual tests or whether 
it would be helpful on higher order thinking and more conceptual questions as well. The literature 
on the comparison of open-book and closed-book tests is also inconclusive. It is not clear whether 
open-book examinations are simply offered to reduce students’ stress or whether, in fact, there is 
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real improvement in students’ learning when open-book quizzes are used. More importantly, there 
is a gap in the literature on frequent collaborative quiz taking as a teaching strategy.


Regarding the aforementioned gap in the literature, it could be concluded that there is a need to 
examine the effectiveness of frequent testing, open-book quizzes, and collaborative quizzes alto-
gether. There is a need for an experimental or quasi-experimental research to compare “frequent 
quizzes plus midterm and final examination” with the traditional “midterm and final examination 
only” assessment strategy. There is also a need to see whether students’ collaboration on a test has 
a short-term or a sustainable effect. It is proposed that if students are given a chance to discuss and 
collaborate in pairs as they answer the quiz questions, they would perform better both on weekly 
quizzes and on their final examinations as well as their final projects (an indicator of deep under-
standing and higher order thinking). Regarding the benefits of collaborative learning as discussed 
in the literature review, it is hypothesized that if students are allowed to discuss and work together, 
they will perform better at the end of the semester in comparison with an individual quiz-taking 
situation.


Methodology


A total of 288 students participated in this study. Various groups of participants took a “Quantitative 
Research Methods” course in 12 different sections during 5 years from fall 2009 to fall 2014. All 
participants were from California State University, Long Beach, United States. The age range of 
the participants was from 24 to 52 years. Some students took the course in regular semesters (Fall, 
Spring) and other groups took the course in Summer session. Regular semesters take 16 weeks and 
students meet only once a week. In summer sessions, however, students meet twice a week and the 
semester is only 6 weeks long.


The same instructor (the author) taught all sections of the course using the same textbook and 
the same table of contents in the same room. All classes were held in a computer lab where students 
could take the quizzes on a computer and had access to all their notes as well as the instructor’s 
PowerPoint slides. A midterm, a final examination, and a research project were required for all 
sections of the course. The midterms and finals had a similar format and the same level of diffi-
culty, but they covered different chapters of the textbook. For the final project, students were 
expected to choose a research topic and write a 10-page research proposal.


This study compared three phases of teaching using a different assessment strategy in each 
phase. Each phase consisted of three to five sections of the course being taught by the instructor at 
that time period. It might be argued that these sections were not comparable in terms of students’ 
characteristics and demography. However, since multiple sections of this course were studied in 
each phase, it was unlikely that the students in one phase were inherently and significantly different 
from the other two phases.


In the first four sections of the course (phase 1), the researcher used traditional assessment: 
students were assessed through a midterm and a final examination and a final project but no quiz-
zes were given. Students in these sections received lectures about each chapter of the book and 
thereafter participated in an activity related to that chapter. The questions on the examinations were 
a combination of factual and conceptual questions. For factual questions, students were asked to 
show their understanding of research terminology, and for conceptual questions, the instructor 
provided a scenario in which students were asked to propose the most appropriate approach to 
answer the research question(s).


In the next three sections of the course (phase 2), the instructor offered a quiz after each lecture. 
The quizzes were weighted only 30% of the total points given for the course. To ensure the equiva-
lency of the quizzes in multiple sections of the course, the same test bank was used in all sections. 
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Table 2. ANOVA comparison of students’ final performance under the three assessment strategies.


Sum of squares df Mean square F Significance


Between groups 2815.235 2 1407.618 47.198 0.000
Within groups 8499.733 285 29.824  
Total 11314.969 287  


ANOVA: analysis of variance.


For each quiz, a random of 20 questions were selected from the test bank. These quizzes were 
open-book and open-notes, but students were not allowed to work collaboratively on the test. 
Everything else in this phase was similar to the first phase of the study, including the final projects, 
midterms, and final examinations.


In the last five sections (phase 3) of the study, students took a quiz right after the lecture on a 
chapter. These quizzes were open-book and open-notes, and students were allowed to either work 
individually on the test or work in pairs to discuss and answer the questions together. Almost all 
students chose to do the test in pairs. They were not allowed to work with the same partner on dif-
ferent quizzes. Everything else was similar to the second phase of the study including the final 
projects, midterms, and final examinations. It should be noted that the midterm and final examina-
tions as well as final projects had to be done individually, not collaboratively, in all three phases of 
this study.


Results


One-way analysis of variance (ANOVA) was used to compare students’ learning in the three 
phases of teaching. The average of students’ scores on the final examination and their final 
project, labeled as “final performance,” was used to make this comparison. The midterms and 
student scores on weekly quizzes were not used in this comparison. Table 1 shows the descrip-
tive results, including the means and standard deviations of students’ scores on final perfor-
mance. Table 2 shows the results of the analysis of variance, and Table 3 shows the results of 
the post hoc test (Scheffe’s test). As shown in these tables, students’ “final performance” 
increased significantly from phase 1 (No Quiz) to phase 2 (Frequent Quiz) as well as from 
phase 2 to phase 3 (Collaborative Quiz).


During the second and third phases of the study, students took weekly quizzes. In order to show 
students’ progress during the semester, Table 4 compares students’ average scores in the “first two 
quizzes” with their average scores on the “last two quizzes,” in phase 2 and phase 3.


This table shows that in both cases, students’ performance on weekly quizzes increased. Table 5 
shows that in both phase 2 and phase 3, this increase was statistically significant.


Table 1. Descriptive statistics on students’ final performance (average of final examination and final 
projects).


N Mean Standard deviation Standard error


No Quiz 102 83.1176 6.81189 0.67448
Frequent Quiz 62 86.9194 5.04829 0.64113
Collaborative Quiz 124 90.2097 4.28511 0.38481
Total 288 86.9896 6.27893 0.36999
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Discussion and conclusion


It was proposed that if students take quizzes more frequently, they will perform better in com-
parison with students who simply take a midterm and a final examination. Comparison of stu-
dents’ performance in the first with the second phase showed that when students were tested 
frequently, their performance improved significantly. Regarding the majority of studies in the 
literature, this result was expected to a large extent. However, what was interesting was that 
frequent testing not only improved students’ performance in the short term (as reflected in their 
progress through quizzes) but also improved their deeper and more sustainable understanding, 
as reflected in their final examination (that addressed mostly higher order thinking and sce-
nario-based problem solving) and in their final project (developing a quantitative research pro-
posal). Therefore, frequent testing was not only helpful in factual learning but also in higher 
order and critical thinking.


Furthermore, the results showed that frequent testing reduced the individual differences initially 
observed among students. This means that, as shown in Table 4, both the range and the standard 
deviation of scores decreased in the final stages of the course. This finding—frequent testing as an 
equalizer—has not been reported in previous studies on frequent testing.


Table 3. Post hoc test result to compare each assessment strategy.


(I) Teaching type (J) Teaching 
type


Mean Difference 
(I − J)


Standard 
error


Sig.


No Quiz Frequent Quiz −3.80171 0.87944 0.000
 Collaborative −7.09203 0.73000 0.000
Frequent Quiz No Quiz 3.80171 0.87944 0.000
 Collaborative −3.29032 0.84943 0.001
Collaborative Quiz No Quiz 7.09203 0.73000 0.000
 Frequent Quiz 3.29032 0.84943 0.001


Table 4. Comparing students’ scores at the beginning and the end of the semester.


N Minimum Maximum Mean Standard 
deviation


Phase 2
 First quizzes 62 77.00 100.00 87.4839 5.66769
 Last quizzes 62 79.00 96.00 90.1290 3.71741
Phase 3
 First quizzes 124 73.00 93.00 84.0726 4.35456
 Last quizzes 124 84.00 100.00 92.4758 3.15059


Table 5. Test of significant difference between the first and the last two quizzes.


Mean Standard 
deviation


Standard 
error


t df Significance 
(two-tailed)


Phase 1 −2.64516 3.23960 0.41143 −6.429 61 0.000
Phase 2 −8.40323 3.04417 0.27337 −30.739 123 0.000
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While no systematic observation was initially planned as the methodology of this study, infor-
mal observation of students in phases 2 and 3 confirms earlier studies suggesting that open-book 
weekly quizzes lead to better test scores, less test anxiety, and greater student satisfaction. This 
finding was also evident in students’ evaluations of the instructor at the end of the last few semes-
ters. The results of this study disagree with some earlier studies (e.g. Agarwal et al., 2008) ques-
tioning the effectiveness of open-book examinations on deep understanding and higher order 
thinking. Considering students’ high performance on both their final examination and their final 
project (which was essentially a higher order and critical thinking activity), this study shows a 
sustainable, meaningful, learning after frequent open-book testing.


It was also predicted that if students were allowed to work together collaboratively in a test, this 
would increase their performance not only on that particular test but also on the final projects and 
examinations taken individually. The results strongly supported this hypothesis. Students in the 
third group performed significantly higher on their final performance in comparison with the first 
and the second group.


Regarding the fact that the final performance was done individually and it was composed of a 
research proposal and a conceptual (higher order thinking) final examination, it is concluded that 
collaborative learning leads to sustained and meaningful learning. Some have reported that 
although collaborative work produces higher examination scores, this happens at a cost of increased 
confidence for groups’ wrong answers (Puncochar and Fox, 2004). Students’ confidence was not 
directly measured in this study. However, the instructor tried to rectify students’ misconceptions by 
discussing the questions that were consistently answered incorrectly by students, after they com-
pleted the test.


In the first phase of this research, it was noticed that students had a hard time understanding 
the lectures, particularly when multiple new concepts were included in the lecture. Therefore, 
in the next phase, students were asked to read the text before the lectures and were told that they 
will be given a quiz right after the lecture. Reading the chapter before the lecture served to scaf-
fold the new concepts. It is interesting to note that initially this method was not fully successful. 
Many students came to class unprepared for the first few weeks. However, after a few weeks, 
they realized that if they did not read the chapter, they would not understand the lecture and/or 
they would not do well on the quizzes. In the third phase, gradually, students learned how to 
read the chapters, highlight the confusing parts, and ask the right questions during the lecture. 
The number of students’ questions in class was not measured systematically. However, it was 
observed that both the number and the quality of students’ question increased in comparison 
with the first phase where no weekly test was given and the second phase where the test was 
taken individually.


Some educators have argued that in collaborative activities some students might slack off, or not 
participate or contribute to the discussions (Bacon, 2005). This is particularly possible if students 
have a specific partner for the whole semester. In this case, it is possible that some students take 
advantage of their partners and enjoy the free ride. In order to address such concerns, in the third 
phase, the instructor had students switch their partners for each test. This policy allowed students 
to have discussions with a different student each time and to have the opportunity to hear different 
perspectives and different problem-solving strategies.


This study was not true experimental research. The main limitation of the study was lack of 
random sampling and random assignment. It could be argued that students taking the course at dif-
ferent times are not comparable. Therefore, any differences among the three groups could be attrib-
uted (at least to some extent) to individual differences. The other limitation of this study is that it 
was limited to only one course. It might be argued that different courses and different contexts 
might lead to different conclusions.
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While this study clearly shows the benefits of frequent testing and collaborative quiz taking, 
there are still many educators skeptical of these assessment strategies (Başol and Johanson, 2009). 
We need further research in other disciplines to examine the effectiveness of these assessment 
strategies. Particularly, more controlled experimental research is needed to examine the effective-
ness of open-book and collaborative quiz taking on students’ stress and their studying habits.


As reflected in the literature, many students and teachers believe that frequent testing is stressful 
for students (Russo and Warren, 1999). This study, however, shows that if the test is open-book, if the 
teacher urges students to read the book before the lectures, and if students get a chance to collaborate 
(discuss) how to answer the quiz, it leads to positive, meaningful, and sustainable effects. It should be 
noted that in phase 3 of this study, students were allowed to answer the quiz questions in pairs. This 
policy proved to be successful both quantitatively and qualitatively. Observing students having mean-
ingful and productive discussions about every single quiz question was very reassuring. Students did 
not appear to be stressed out before, during, or after the quiz. This type of teaching (assessment) was 
also rewarding for the instructor, as reflected in students’ anonymous evaluations of the instructor. If 
this policy works for a research method course, a course that is not usually the students’ most favorite 
one, it should most certainly work for courses that students like much more.


If you have tried frequent testing but stopped it due to students’ stress or their complaints, if you 
are skeptical about the effectiveness of open-book tests, or if you think students may not study for 
an open-book or a collaborative test, this research may help you to rethink about some of your 
assessment strategies.
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My advice to you in 2019 student selection
This guide offers recommendations for using MCAT scores in conjunction with all the information provided by 
each medical school applicant. It also describes how medical schools work with MCAT scores in the context 
of holistic review.


Applicants provide admissions committees with rich information about their experiences, attributes, and 
academic backgrounds through their applications, personal statements, and interviews. Letter writers also provide 
information about applicants’ academic and personal competencies. Your institutional mission, goals, and priorities 
provide a framework for using this rich and varied information in holistic ways to evaluate applicants and admit  
a class of capable, caring students who bring diverse interests, talents, and experiences to your institution.


Holistic review practices provide the foundation for selecting applicants with the academic and personal 
competencies that future physicians need. It is important to remember the following recommendations  
for considering data about academic preparation in the context of all the information collected during  
the admissions process.


• Carefully consider the rich and assorted data that applicants provide. Weigh these data about applicants’ 
experiences, attributes, and academic preparation in ways that help you meet your institution’s goals.


• Triangulate score information from the MCAT exam with information about applicants’ course 
completion, grades, grade trends, institutions attended, research experience, and other academic 
indicators. You should look for consistencies and inconsistencies in the stories these data tell.


• For MCAT scores in particular, consider the precision with which total and section scores measure 
applicants’ academic preparation. When making decisions about whom to interview and accept, 
remember: scores that are close together are not meaningfully different.


• Scores from the MCAT exam should not outweigh other application data in deciding which applicants 
will get secondary application invitations, interview invitations, or acceptance offers.


Considering these recommendations and the data presented in this guide will help your admissions committee 
construct a class that meets the academic, clinical, service, and research missions of your medical school. 


Please don’t hesitate to reach out to MCAT staff at mcatvalidity@aamc.org with questions. 


Sincerely,


Theodore Hall, MD 
The David Geffen School of Medicine at UCLA
Associate Dean for Admissions 
Director, Medical Student Education in Radiology
Chair, AAMC Group on Student Affairs Committee on Admissions (COA) 



mailto:mcatvalidity@aamc.org
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What does the MCAT exam measure?
The MCAT exam is designed to help admissions committees select students who are academically prepared 
for medical school. MCAT scores are among many sources of application data that admissions committees 
use in student selection. The scores help admissions officers interpret grades and other academic data coming 
from undergraduate institutions that have different curricular emphases and grading standards. 


The MCAT exam tests the foundational concepts and reasoning skills  
needed to be ready for today’s medical school.


The MCAT exam has four sections:


1. Biological and Biochemical Foundations of Living Systems


2. Chemical and Physical Foundations of Biological Systems


3. Psychological, Social, and Biological Foundations of Behavior


4. Critical Analysis and Reasoning Skills


Shown in Figure 1, the two natural sciences and the behavioral and social sciences sections of the MCAT 
exam test 10 foundational concepts and four scientific inquiry and reasoning skills that are the building blocks 
for learning in medical school. These sections ask test takers to combine their knowledge of concepts from 
courses in first-semester biochemistry, psychology, and sociology and year-long courses in biology, chemistry, 
and physics with their scientific inquiry and reasoning skills to solve problems presented in passages and test 
questions. The resulting scores provide information about applicants’ readiness to learn in medical school.


The Critical Analysis and Reasoning Skills section tests how well test takers comprehend, analyze, and evaluate 
what they read, draw inferences from text, and apply arguments to new ideas and situations. The passages are 
drawn from the humanities and social sciences. All the information test takers need to respond to the questions 
on this section appears in the passages or in the questions themselves (see Figure 1). 


Appendix A provides more detailed descriptions of the concepts and reasoning skills tested by each of the 
four sections of the exam.
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Figure 1. Foundational concepts and scientific inquiry and reasoning skills tested on the MCAT exam.


Biological and Biochemical Foundations of Living Systems


Scientific Inquiry and Reasoning Skills


MCAT questions on these three sections  
ask test takers to solve problems using  
the following scientific inquiry and 
reasoning skills.


Knowledge of Scientific Concepts 
and Principles
• Demonstrating understanding of scientific 


concepts and principles
• Identifying the relationships between 


closely related concepts


Scientific Reasoning and Problem Solving
• Reasoning about scientific principles, 


theories, and models
• Analyzing and evaluating scientific 


explanations and predictions


Reasoning About the Design  
and Execution of Research
• Demonstrating understanding of important 


components of scientific research
• Reasoning about ethical issues in research


Data-Based and Statistical Reasoning
• Interpreting patterns in data presented  


in tables, figures, and graphs
• Reasoning about data and drawing 


conclusions from them


Foundational Concept 1


Biomolecules have unique properties that 
determine how they contribute to the structure 
and function of cells and how they participate  
in the processes necessary to sustain life.


Foundational Concept 2
Highly organized assemblies of molecules, cells,  
and organs interact to carry out the functions  
of living organisms.


Foundational Concept 3


Complex systems of tissues and organs sense the 
internal and external environments of multicellular 
organisms and, through integrated functioning, 
maintain a stable internal environment within  
an ever-changing external environment.


Chemical and Physical Foundations of Biological Systems


Foundational Concept 4


Complex living organisms transport materials, 
sense their environment, process signals, and 
respond to changes using processes that can 
be understood in terms of physical principles.


Foundational Concept 5


The principles that govern chemical interactions  
and reactions form the basis for a broader 
understanding of the molecular dynamics  
of living systems.


Psychological, Social, and Biological Foundations of Behavior


Foundational Concept 6
Biological, psychological, and sociocultural factors 
influence the ways that individuals perceive, think 
about, and react to the world.


Foundational Concept 7
Biological, psychological, and sociocultural factors 
influence behavior and behavior change.


Foundational Concept 8
Psychological, sociocultural, and biological  
factors influence the way we think about  
ourselves and others.


Foundational Concept 9
Cultural and social differences influence  
well-being.


Foundational Concept 10
Social stratification and access to resources 
influence well-being.


Critical Analysis and Reasoning Skills


Examinees demonstrate their information processing skills in three areas.


Foundations of 
Comprehension 


• Understanding basic components of the text, such as the main idea and conclusions
• Inferring meaning from rhetorical devices, word choice, and text structure


Reasoning Within  
the Text


• Integrating different components of the text to increase comprehension or analysis


Reasoning Beyond  
the Text


• Applying or extrapolating ideas from the passage to new contexts, situations, possibilities, 
alternatives, options, or proposals


• Assessing the impact of introducing new factors, information, or conditions to ideas from the passage
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How is the MCAT exam scored?
The section and total score scales are centered on memorable numbers that draw attention to the center 
of the scales. Scores on the four sections of the exam are reported on numeric scales centered at 125 and 
ranging from 118 to 132. Scores from the four sections are summed to produce a total score centered at  
500 and ranging from 472 to 528. 


The MCAT score scales draw attention to the center of the scales to encourage  
admissions committees to consider applicants with a wide range of scores.


Research on the old exam (administered from 1991 to January 2015) suggests that the students who enter 
medical school with scores at the center of the scale succeed; they graduate in four or five years and pass 
their licensing exams on the first try (Dunleavy et al 2013). If history is a guide, applicants with a wide range 
of scores on the current MCAT exam who are admitted to medical school will also succeed. Early findings 
from this exam presented on page 16 show that 2016 entrants with a wide range of scores progressed  
to year 2 without delay. 
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Who takes the MCAT exam?
Figure 2 shows the percentages of the more than 186,000 examinees, from different backgrounds and 
experiences, who took the MCAT exam from 2015 to 2017. More than half of examinees were female. When 
describing their race/ethnicity, almost half of examinees identified as white, 10% as black or African American, 
11% as Hispanic, and 27% as Asian. About 7% were awardees of the AAMC’s Fee Assistance Program, almost 
20% reported that none of their parents had a bachelor’s degree, and about 1% tested with a nonstandard 
testing condition. Finally, 24% of examinees took the exam more than once from 2015 to 2017.


Figure 2. Percentages of MCAT examinees from 2015 to 2017, by gender, race/ethnicity, fee assistance 
status, parental education, testing condition, and repeater status.1
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54%


48%


10%


11%


27%
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<1%


4%


93%


7%


82%


18%


99%


1%
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24%
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- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -


Race/
Ethnicity2,3


- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Fee
Assistance4


- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Parental
Education2,5


- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Testing
Condition6


- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Repeater
Status7


1. The total number of 2015-to-2017 MCAT examinees was 186,450.
2. Percentages describe examinees who provided information about their gender, race/ethnicity, and parental education.
3. Percentages add up to more than 100% because racial/ethnic minority results include examinees who may have 


designated more than one race/ethnicity.
4. Fee assistance eligibility is limited to examinees who are U.S. citizens or U.S. permanent residents.
5. Starting in the 2016 testing year, examinees report the highest level of education for up to four parents. In 2016 and 2017,


124,781 examinees provided information about parental education.
6. Score reports do not indicate whether scores were obtained under standard or nonstandard testing conditions.
7. Repeaters are examinees who took the new MCAT exam more than once from 2015 to 2017.
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How do examinees prepare for the MCAT exam?
As described previously, the MCAT exam tests concepts from first-semester biochemistry, psychology, and 
sociology courses and year-long courses in biology, chemistry, and physics. It asks examinees to demonstrate 
that they can reason about research and data to answer questions about those concepts.


Data about the courses examinees completed show how they prepared in these areas (see Figure 3). Almost 
all examinees took biology, chemistry, and physics courses. Most examinees also took courses in biochemistry, 
psychology, and statistics before testing; many took courses in sociology and research methods. 


About half of examinees took either a commercial preparation course or a course based at a university or 
medical school before sitting for the exam. Examinees prepared for the MCAT exam in a variety of other 
ways, too. Fifty percent of examinees reported using the Khan Academy MCAT collection, which includes 
free, online, video-based lessons and test questions covering concepts and reasoning skills tested on the 
MCAT exam. On the AAMC’s Post-MCAT Questionnaire (2017), many respondents reported reading on 
their own, taking online courses, or volunteering or working in research labs or other settings that provided 
exposure to topics tested on the MCAT exam. (The 2017 Post-MCAT Questionnaire Report is available at 
aamc.org/data/pmq.)


Figure 3. Percentages of MCAT examinees from 2015 to 2017 who completed college coursework in the 
natural, behavioral, and social sciences or who prepared for the MCAT exam by using the Khan Academy 
or completing a test preparation course.1


87%


84%


50%


42%


83%


95%


93%


96%


94%


50%


6%


42%


Coursework2
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MCAT Preparation3


1. The total number of MCAT examinees from 2015 to 2017 was 186,450.
2. Percentages were calculated from the data supplied by respondents to the Post-MCAT Questionnaire (PMQ) who provided


information about their coursework. Respondents self-reported the courses for which they had Advanced Placement (AP), 
International Baccalaureate (IB), College Level Examination Program (CLEP), community college, four-year college,
postbaccalaureate, graduate, and professional school credit. The number of 2015-to-2017 respondents was 62,105. Results
are based on respondents' most recent responses for those who responded to the PMQ more than once.


3. Percentages were calculated from information from examinees who provided information about their MCAT test preparation 
after they completed the MCAT exam. The number of 2015-to-2017 examinees who provided this information was 185,782. 
Results are based on examinees' most recent responses for those who tested more than once.
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How well do examinees score on the MCAT exam?
Figure 4 shows the distribution of MCAT total and section scores for all exams administered from 2015 to 2017. 
These data include scores for students who tested more than once. The mean MCAT total score was 500.5, and 
the standard deviation was 10.5. Means and standard deviations for the section scores also appear in Figure 4.


Figure 4. Distributions of MCAT total and section scores for exams administered from 2015 to 2017.1


Figure 5 summarizes the MCAT total scores from 2015 to 2017 overall and for examinees from different 
backgrounds and experiences, including gender and race/ethnicity, status in the AAMC’s Fee Assistance 
Program, and highest level of parental education. It also shows scores from examinees who tested under 
standard and nonstandard testing conditions and first- and second-attempt scores for examinees who took 
the exam more than once. 


Figure 5 uses box-and-whisker plots to show the median (50th-percentile) score, along with 10th-, 25th-, 75th-,  
and 90th-percentile scores. The 10th- and 90th-percentile scores are shown by the ends of the “whiskers,” the 25th- 
and 75th-percentile scores are shown by the “box” (the left edge of each box shows the 25th-percentile score, and 
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the right edge shows the 75th-percentile score), and the median is shown by the vertical bar inside each box. For 
example, for female examinees, the 10th-, 25th-, median-, 75th-, and 90th-percentile scores were 485, 492, 499, 
507, and 513, respectively. The mean MCAT total score for each group appears in parentheses by the group label.


For every group, there are examinees with scores near the bottom,  
at the middle, and near the top of the MCAT total score scale.


There is variability in the median MCAT total scores for examinees from different sociodemographic 
backgrounds. However, there is a great deal of overlap in the scores for different groups. The similarities  
and differences in these data are similar to those reported in the literature for other admissions tests (Roth  
et al 2001; Sackett and Shen 2010). Research suggests that the differences in MCAT scores for examinees 
from groups underrepresented in medicine based on race/ethnicity and other background characteristics 
reflect societal inequalities in income, education, and other factors rather than test bias (Davis et al 2013).


Figure 5. MCAT total scores for exams administered from 2015 to 2017, overall and by gender, race/
ethnicity, fee assistance status, parental education, testing condition, and repeater status.1,2


Overall- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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Education5
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Repeater
Status7


1. The total number of exams administered from 2015 to 2017 was 239,681.
2. These results include multiple scores for the 24% of examinees who tested more than once from 2015 to 2017.
3. The numbers of exams in each racial/ethnic group add up to more than the total number of exams because racial/


ethnic minority results include scores for examinees who may have designated more than one race/ethnicity. Data 
for examinees who reported their race/ethnicity as "other" are not shown.


4. Fee assistance eligibility is limited to examinees who are U.S. citizens or U.S. permanent residents.
5. Starting in the 2016 testing year, examinees report the highest level of education for up to four parents. These


results are for the highest level of parental education for exams from 2016 to 2017.
6. Score reports do not indicate whether scores were obtained under standard or nonstandard testing conditions.
7. Repeaters are examinees who took the new MCAT exam more than once from 2015 to 2017.


Total (mean = 500.5; N = 239,681)
Male (mean = 502.1; N = 108,262)


Female (mean = 499.2; N = 130,777)
White (mean = 502.3; N = 105,696)
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Received (mean = 496.4; N = 15,025)
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No bachelor's degree (mean = 496.3; N = 27,493)
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How precise are examinees’ MCAT scores,  
and how should they be interpreted?
Four components are essential for interpreting MCAT scores: the total and section scores, the confidence 
bands, the percentile ranks associated with the scores, and the score profile. Figure 6 shows an example  
of an examinee’s score report that includes these four components. Details about the confidence bands, 
percentile ranks, and the score profile are included below. Other resources—including an interactive version 
of the score report; videos describing the concepts and reasoning skills tested by the new exam; and 
downloadable fact sheets describing the scores, confidence bands, percentile ranks, and score profile— 
can be found at aamc.org/mcatscorereport.


Figure 6. Example score report.


 



http://aamc.org/mcatscorereport
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Confidence bands
Like other measurements, MCAT scores are imperfect measures of examinees’ true levels of preparation. They 
are not perfectly precise. Examinees’ scores can be dampened by factors such as fatigue, test anxiety, and less-
than-optimal test room conditions, or they can be boosted by recent exposure to some of the tested topics.


Confidence bands remind admissions committee members  
not to overemphasize small differences in scores.


Confidence bands describe the precision of MCAT total and section scores. They show the ranges in which  
an examinee’s true scores probably lie. Reviewing applicants’ scores with the confidence bands in mind 
prevents overinterpretation of small differences in test scores. 


MCAT total scores are reported with a 68% confidence band of plus or minus two points, and MCAT section 
scores are reported with 68% confidence bands of plus or minus one point. Adding and subtracting two 
points to an MCAT total score of 500, for example, defines a confidence band that begins at 498 and goes  
to 502. This means that in 68% of cases, the true score for an examinee with a reported score of 500 lies 
within the band that goes from 498 to 502.


Figures 7 and 8 illustrate how confidence bands can be used to interpret MCAT total scores. The reported 
score for each examinee is shown as a square. The 68% confidence band around each examinee’s score  
is shown by the dashed lines in the figure. 


Figure 7 shows that examinee A scored 500 and examinee B scored 502. The 68% confidence bands around 
these scores overlap. The overlap between the two confidence bands suggests that the two reported scores 
may not be meaningfully different from each other. 


Figure 8 shows examinee A’s score of 500 and a score of 506 for examinee C. The confidence bands around 
their scores do not overlap, suggesting that the two scores are more likely to be meaningfully different from 
each other (compared with the scores for examinees A and B). 


Figure 7. Confidence bands for two examinees 
with similar reported scores.


Figure 8. Confidence bands for two examinees 
with dissimilar reported scores.
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Percentile ranks 
The percentile ranks for the total and section scores show how the scores of individual applicants compare 
with the scores of others who took the exam. The percentile ranks show the percentages of test takers who 
received the same or lower scores on the exam.


For example, the MCAT total score in Figure 6 is 501. It has a percentile rank of 52%. This means that 52% 
of MCAT scores were equal to or less than 501.


Every year on May 1, the percentile ranks for MCAT scores are updated using data from the previous three 
administration years. This is a common practice in the standardized test industry and ensures that percentile 
ranks reflect current information about applicants’ scores. The current percentile ranks are based on data 
from 2015, 2016, and 2017.


Because examinees change from one year to the next, the percentile ranks associated with scale scores may 
change over time. Basing the percentiles on data from three administration years instead of one year makes 
the results more stable, but it doesn’t prevent year-to-year changes.


That is why MCAT scores have more meaning than percentile ranks. The methods that MCAT developers use 
to write test questions and build and equate test forms keep the meaning of scores constant over test forms 
and time. The exam is not graded on a curve. No matter when applicants tested, whom they tested with, 
or what test forms they took, their scores have common interpretations. MCAT scores describe applicants’ 
academic readiness in relation to the body of knowledge and skills that medical school faculty have described 
as prerequisite for entering medical students.


Appendix B shows the MCAT total and section score percentile ranks that will be in effect from May 1, 2018, 
to April 30, 2019. Again, these percentile ranks are based on the scores of everyone who took the exam in 
2015, 2016, and 2017.


Score profiles
Score profiles highlight applicants’ strengths and weaknesses across the four sections of the exam through 
reported scores for each section. Figure 6 illustrates the score profile associated with an applicant’s MCAT 
section scores. Applicants’ strengths and weaknesses on the exam can be considered along with other 
information about their academic preparation (e.g., coursework and grades) and in relation to institutional 
missions and goals.
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How do examinees’ scores change when they retake the 
MCAT exam, and how do admissions officers use scores  
for applicants who test more than once?
MCAT examinees can test up to three times in one calendar year and four times across two calendar years. 
An examinee cannot take the exam more than seven times in their lifetime. About 24% of examinees tested 
more than once from 2015 to 2017.


Analyses of MCAT total scores for test takers who test more than once show the types of score gains obtained 
by these examinees. Figure 9 uses box-and-whisker plots (described earlier for Figure 5) to show the distributions 
of score gains (and losses) on examinees’ second attempts at the exam, by their initial scores. These results are 
from examinees who initially sat for the MCAT exam from 2015 to 2017 and then tested a second time before 
the end of the 2017 administration year.


The data show that retesters across a wide range of scores tend to obtain higher scores on their second exams. 
Figure 9 shows that the median gain for examinees who tested a second time and whose initial scores ranged 
from 472 to 517 was two to three score points, and for examinees whose initial scores ranged from 518 to 528, 
it was one point. It is important to note, however, that there was considerable variation in the magnitude and 
direction of score changes, with some examinees posting increases or decreases greater than four points.


Figure 9. Changes in MCAT total scores between the first and second attempts for MCAT examinees  
from 2015 to 2017 who retested.1
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1. These box-and-whisker plots show changes in MCAT total scores from the first
to the second attempt. Twenty-four percent (N = 44,858) of examinees tested
more than once from 2015 to 2017.
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A recent survey asked admissions officers how they work with retesters’ MCAT total scores in the admissions 
process (AAMC MCAT Validity Committee unpublished data from 2017). The results showed that admissions 
officers use different strategies for examining retesters’ scores. For example, some admissions committees 
use all exam scores in conjunction with other information about academic preparation that may explain any 
score changes. Other admissions committees use each applicant’s most recent exam scores in the admissions 
process or each applicant’s “best score” as represented by the highest total score from a single attempt. 
Other committees compute the average total score across the multiple attempts.


It is important for admissions officers to examine the information in applicants’ transcripts and applications 
in interpreting retesters’ scores. For example, gains in applicants’ scores over time may be explained by their 
completing a postbaccalaureate program or other coursework. 
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How do admissions officers use MCAT scores  
and other application data in the holistic review  
of applicants’ qualifications?
MCAT scores are among many sources of application data that admissions committees use to select medical 
students. The scores help admissions officers interpret grades and other academic data that come from 
undergraduate institutions with different curricular emphases and grading standards. In addition to applicants’ 
academic data, admissions officers examine applicants’ experiences and demographic and personal attributes. 
Applicants provide a great deal of data about their academic and life experiences, demographics, and personal 
characteristics through their applications, personal statements, and interviews. Letter writers also provide rich 
information about applicants’ academic, experiential, and personal attributes.


The procedures that admissions officers from different medical schools use to review these data on applicants’ 
qualifications differ in ways that reflect the schools’ unique educational missions and goals as well as the 
sizes of their applicant pools. To learn more about the holistic review of applicants’ qualifications, the AAMC 
surveys admissions officers about the importance of different academic, experiential, demographic, and 
personal attribute data in making admissions decisions (e.g., Mitchell et al 1994; Monroe et al 2013; AAMC 
Admissions Initiative unpublished data from 2013; AAMC and SRA International, Inc. 2016; AAMC MCAT 
Validity Committee unpublished data from 2017).


Reviewing more information about the experiences and attributes of applicants  
helps admissions committees put academic metrics in better balance.


Table 1 summarizes the results of a 2015 AAMC survey of admissions officers. The table highlights the 
importance of different types of data in admissions decision making. The results of this and previous AAMC 
surveys on the use and importance of data for making admissions decisions show that experiences, academic 
metrics, demographics, and attributes all weigh heavily in decisions to offer acceptances (Dunleavy et al 2011; 
AAMC Admissions Initiative unpublished data from 2013).


More recently, admissions officers were surveyed about the relative weight they give to undergraduate grade 
point averages (GPAs) and MCAT scores compared with other information in each applicant’s file to learn how 
they place these metrics in context at different stages of the admissions process. Gathering richer data about 
applicants’ experiences and attributes enhanced admissions officers’ understanding of how these factors shape 
applicants’ readiness for medical school (AAMC MCAT Validity Committee unpublished data from 2017). 


The importance of undergraduate GPAs and MCAT scores, relative to other criteria, decreases as more 
information is gathered. Admissions officers are better able to balance data about academic metrics when 
they are placed in the context of applicants’ experiences and attributes. For example, in moving from interview 
invitations to acceptance offers, a third more admissions officers rated other criteria just as or more important 
than undergraduate GPAs and MCAT scores; that is, 60% of admissions officers rated other criteria just as or 
more important in inviting applicants to interview, whereas 80% rated other criteria just as or more important 
in making acceptance offers. Placing applicants’ MCAT scores in the context of all the applicants’ information 
during the admissions process enables medical schools to meet their missions and goals and not overlook 
students who would make valuable contributions.
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Table 1. Mean Importance Ratings of Academic, Experiential, Demographic, and Interview Data Used  
by Admissions Committees for Making Decisions About Which Applicants Receive Interview Invitations 
and Acceptance Offers1


Mean 
Importance 
Ratings2 


Academic Metrics  Experiences  Demographics  Other Data 


Highest 
Importance 
Ratings 
(≥3.0) 


• GPA: cumulative 
biology, chemistry, 
physics, and math 


• MCAT total score 
• GPA: grade trend 
• GPA: cumulative total 
• GPA: cumulative total 


from 
postbaccalaureate 
premedical program 


• MCAT total score 
trend 


• Completion of  
premedical course 
requirements 


• Community 
service/volunteer: 
medical/clinical 


• Community 
service/volunteer: not 
medical/clinical 


• Physician 
shadowing/clinical 
observation 


• Leadership 


• U.S. citizenship/permanent 
residency (Public)3 


• State residency 
(Public)3 


• Rural/urban 
underserved 
background 


• Interview results4 


Medium 
Importance 
Ratings 
(≥2.5 and 
<3.0) 


• Completion of challenging 
upper‐level science 
courses 


• GPA: cumulative “all 
other” (not biology, 
chemistry, physics, and 
math) 


• Paid employment: 
medical/clinical 


• Research/lab 
• Other extracurricular 


activities 
• Military service 


• Race/ethnicity 
• U.S. citizenship/permanent 


residency (Private)3 
• Parental 


education/occupation/ 
socioeconomic status 
(SES) 


 


Lowest 
Importance 
Ratings 
(<2.5) 


• Degree from graduate or 
professional program 


• Completion of 
challenging 
nonscience courses  


• Selectivity of 
undergraduate 
institution(s) 


• Undergraduate 
major 


• Teaching/tutoring/ 
teaching assistant 


• Paid employment: 
not medical/clinical 


• Intercollegiate 
athletics 


• Honors, awards, 
recognition 


• Conferences 
attended, 
presentations, 
posters, 
publications 


• First‐generation 
immigrant status 


• Fluency in multiple 
languages 


• Gender 
• English language learners 
• State residency 


(Private)3 
• Legacy status 
• Community college 


attendance 
• Age 


 


1. Admissions officers at 130 medical schools completed the 2015 AAMC survey. The survey asked, “How important were the following data about academic 
preparation, experiences, attributes/personal competencies, biographic/demographic characteristics, and interview results in identifying the applicants to 
[interview, offer an acceptance]?” 


2. Importance was rated on a scale ranging from 1 to 4 (“Not Important,” “Somewhat Important,” “Important,” and “Very Important,” respectively). For each 
variable, we computed an overall mean importance rating based on admissions officers’ ratings of importance for making decisions about whom to 
interview and whom to accept (the mean importance rating for the interview variable is the exception to this rule because interview data were not 
available until applicants were invited to interview). We chose to classify variables using overall mean importance ratings because their mean importance 
ratings were similar for the interview and the acceptance phases. Variables are ordered by overall mean importance rating. 


3. Overall mean importance ratings for public and private institutions were significantly different from one another. 


4. Only available at the admissions stage where admissions committees make a decision to offer an acceptance. 
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National-level data on the academic credentials of applicants whom admissions committees accept reinforce  
the messages the survey data provide. Table 2 shows the percentages of applicants with different undergraduate 
GPAs and MCAT total scores who were accepted into one or more medical schools in 2017. These data show 
that although undergraduate GPAs and MCAT scores are important factors in admissions, they are not the sole 
determinants of admissions decisions. 


Each year, some applicants with high MCAT scores and undergraduate (GPAs) are rejected by all the medical 
schools to which they applied. In contrast, other applicants with more modest MCAT scores and undergraduate 
GPAs are accepted by at least one medical school. For example, in 2017 student selection, 11% of applicants 
with GPAs of 3.8 or above and MCAT total scores of 518 or above were rejected by all of the medical schools 
to which they applied. In contrast, about 14% of applicants with GPAs of 3.0 to 3.19 and MCAT total scores 
ranging from 498 to 501 were accepted by at least one medical school.


Table 2. Percentage and Number of 2017 Applicants Accepted Into at Least One Medical School, by MCAT 
Total Score and Undergraduate GPA Range 


GPA Total 472–485 486–489 490–493 494–497 498–501 502–505 506–509 510–513 514–517 518–528 All
3.80–4.00 4% 5% 10% 21% 34% 54% 67% 76% 85% 89% 67%


2/51 5/98 23/241 111/528 353/1,040 920/1,692 1,538/2,310 1,870/2,461 1,798/2,112 1,796/2,014 8,416/12,547
3.60–3.79 0% 1% 5% 15% 26% 38% 54% 68% 76% 85% 48%


0/126 3/223 23/442 129/867 366/1,430 764/1,996 1,197/2,225 1,388/2,040 987/1,301 639/755 5,496/11,405
3.40–3.59 2% 1% 4% 10% 21% 29% 40% 55% 61% 71% 33%


4/183 3/293 22/552 100/955 265/1,286 479/1,635 661/1,659 694/1,260 405/660 235/329 2,868/8,812
3.20–3.39 0% <1% 3% 9% 18% 24% 32% 40% 56% 58% 22%


0/226 1/306 14/527 64/749 158/884 246/1,027 279/873 255/631 176/314 63/109 1,256/5,646
3.00–3.19 0% 2% 1% 7% 14% 21% 25% 35% 42% 37% 15%


0/248 4/253 4/363 36/490 74/511 109/507 100/395 98/282 43/103 21/57 489/3,209
2.80–2.99 1% 1% 2% 5% 6% 17% 25% 30% 29% 42% 10%


2/247 2/181 5/201 12/238 14/233 34/203 40/160 25/84 14/49 5/12 153/1,608
2.60–2.79 0% 1% 0% 2% 6% 18% 18% 17% 40% -- 6%


0/157 1/117 0/142 3/132 8/126 14/79 10/57 6/36 6/15 53/868
2.40–2.59 0% 2% 2% 5% 2% 13% 25% 24% -- -- 5%


0/118 1/57 1/48 3/59 1/40 4/30 6/24 4/17 21/398
2.20–2.39 0% 0% 0% 0% 12% 33% 8% -- -- 5%


0/69 0/29 0/24 0/21 2/17 4/12 1/12 9/192
2.00–2.19 0% 0% 0% -- -- -- -- -- 0%


0/41 0/13 0/10 0/86
less than 2.00 0% -- -- -- -- 3%


0/15 1/31
All 1% 1% 4% 11% 22% 36% 50% 64% 75% 84% 42%


8/1,481 20/1,576 93/2,556 458/4,051 1,241/5,571 2,574/7,188 3,832/7,717 4,341/6,819 3,430/4,558 2,765/3,285 18,762/44,802
Notes:
1. Blue shading = acceptance rates ≥ 75%; green shading = acceptance rates of 50–74%; orange shading = acceptance rates of 25–49%.
2. Dashes = cells with fewer than 10 observations; blank cells = cells with 0 observations.
3. For students who took the MCAT exam multiple times, the most recent MCAT total score was used in this analysis.
4. Table summarizes data for 2017 applicants who reported MCAT scores from the current exam and undergraduate GPAs (N = 44,802). About 87%
    of 2017 applicants applied with scores from the current version of the MCAT exam.


MCAT Total
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How well do undergraduate GPAs and MCAT scores  
predict students’ performance in medical school?
Predictive validity data are available for the students who entered medical school in 2016 with scores from 
the current version of the MCAT exam, introduced in 2015. These 2016 entrants provide the first panel of 
data showing how well scores from this exam predict year 1 performance in medical school. Nationally,  
more than 8,000 students entered medical school in 2016 with these scores. 


Overall, 97% of 2016 entrants with scores from the current version of the MCAT exam did well in their first  
year and progressed to year 2 without delay, the first hurdle in completing medical school with unimpeded 
progress. Figure 10 shows that students with a wide range of MCAT scores progressed. It shows the percentage 
of entrants at different ranges of the MCAT total score scale who progressed to year 2 without delay. Medical 
students who entered with scores of 494 and above showed similar, high progression rates.


Figure 10. Percentages of 2016 entering students admitted with scores from the current MCAT exam 
who progressed to year 2 without delay, by MCAT total score range.


50%


80% 81%


93% 94% 96% 97% 98% 98% 99%


1. This figure summarizes progression data for 2016 entrants in regular, four-year MD programs who reported scores for the current
MCAT exam (N = 7,970). A total of 7,702 (97%) 2016 entrants progressed to year 2 without delay. The highlighted x-axis labels
remind readers that these results are based on very small numbers of medical students.
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Medical school faculty evaluate student learning with multiple types of performance outcomes from 
matriculation through graduation, tailoring their assessments to their school’s curriculum, academic support,  
and learning environment. Researchers from 18 medical schools in the United States and Canada, referred to 
here as validity schools, partnered with the AAMC to examine how well scores from the MCAT exam predict 
student success in their medical schools, measuring success on local performance outcomes. These predictive 
validity data will help admissions committees, faculty, and stakeholders from other institutions understand how 
MCAT scores may contribute to decisions about the academic preparation needed to be ready for medical school. 
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The schools studied how well MCAT total scores and undergraduate GPAs correlated with institution-specific 
performance in the first year of medical school. Each school identified year 1 courses that have reliable 
performance measures and defined summative performance as the mean performance across these courses.1 
Then, at each validity school, students’ MCAT total scores were correlated with their summative performance 
in the first year of medical school. The same analysis was done within each of those schools for undergraduate 
GPAs. Finally, an analysis was conducted on the joint contribution of MCAT total scores and undergraduate 
GPAs in predicting students’ summative performance in year 1.2


Figure 11 shows the value of MCAT total scores and undergraduate GPAs, alone and together, in predicting 
students’ summative performance in the first year of medical school. It shows the distributions of correlations 
of MCAT total scores and undergraduate GPAs with students’ summative performance in year 1 at the validity 
schools. It also shows the distributions of correlations of MCAT total scores and undergraduate GPAs 
combined with students’ summative performance in year 1. These findings are based on data from about 1,000 
medical students who matriculated at validity schools in 2016 with scores from the current MCAT exam and 
volunteered for the study. 


Figure 11. Distributions of correlations across validity schools of 2016 entering medical students’ MCAT 
total scores and undergraduate GPAs with their summative performance in year 1.1
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1. These data are for the 15 validity schools with summative year 1 outcomes. MCAT total scores were correlated with students'
performance across year 1 course scores on a scale of 0 to 100. Analyses were conducted within schools. Sample correlations 
were corrected for range restriction on MCAT total scores and total undergraduate GPAs due to student selection in the 
admissions process (Betty et al 2014) but not for unreliability in MCAT total scores or medical student outcomes. Corrections 
for range restriction were made at the institution level. At each medical school, the applicants within each cohort year served 
as the reference population. Using established statistical methods, the observed correlations were adjusted to reflect what the 
correlations would be if there had been no selection–that is, if all students had been selected for admission. The median corrected
correlation is shown with a diamond, and the two ends of the gray bar show the correlations at the 25th and 75th percentiles. The 
horizontal line at a correlation of 0.3 shows the threshold for a medium effect size in the social sciences.


0
0.


2
0.


4
0.


6
0.


8
1.


0
C


or
re


ct
ed


 C
or


re
la


tio
n


 MCAT Total Scores Only Undergraduate GPA Only Undergraduate GPA +
MCAT Total Scores


 







Association of  
American Medical Colleges


18


Using MCAT Data in 2019 Medical Student Selection


The left panel in Figure 11 shows the correlations of MCAT total scores with summative performance at 
individual validity schools. The correlations were ranked from low to high. The median corrected correlation 
(the correlation at the 50th percentile) is shown with a diamond, and the two ends of the gray bar show the 
correlations at the 25th and 75th percentiles. The horizontal line at a correlation of 0.3 shows the threshold 
for a medium effect size in the social sciences (Cohen 1992).3


The middle panel in Figure 11 shows the distribution of correlations across validity schools of students’ 
undergraduate GPAs with their summative performance in year 1. Finally, the right panel in Figure 11  
shows the distribution of correlations across validity schools of MCAT total scores and undergraduate  
GPAs combined in predicting summative performance in year 1. 


Overall, the correlations of MCAT total scores with summative performance in year 1 are medium to large  
at validity schools that provided year 1 data for the 2016 entrants with scores from this version of the exam.  
The correlations of undergraduate GPAs with summative performance in year 1 are also medium to large. 
Figure 11 shows that the combination of MCAT total scores and undergraduate GPAs provides better 
prediction of performance in the first year of medical school than either one alone.


Importantly, the current and previous research shows that using MCAT scores and GPAs to assess academic 
readiness provides a better prediction of future performance in medical school than using any single 
academic metric. 


Using MCAT total scores and undergraduate GPAs provides better prediction  
of performance in the first year of medical school than using either one alone.


These findings are consistent with those from the previous version of the MCAT exam, which show the value 
of scores from the old MCAT exam in predicting students’ performance in medical school (Donnon et al 2007; 
Dunleavy et al 2013; Julian 2005; Koenig and Wiley 1997; Kroopnick et al 2013; Kuncel and Hezlett 2007). 
Studies show that undergraduate grades and scores from the old MCAT exam predict students’ grades in medical 
school, academic difficulty or distinction, scores on USMLE Step exams, time to graduation, and unimpeded 
progress toward graduation. Future research will examine how well scores from this version of the MCAT exam 
predict these same outcomes as medical students in the current study make their way through medical school.
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The median correlation of MCAT scores with summative performance in year 1 in Figure 11 comes from a single 
medical school in the validity study. Data from the students at this school can be used to study the association  
of MCAT scores with student performance more closely. Figures 12 and 13 use the associations of MCAT 
scores with students’ performance at this medical school to illustrate the patterns that may occur at other 
schools that use these or similar performance outcomes.


Figure 12 shows data, from this validity school, about students’ progression to year 2 without delay by MCAT 
total score range. Mirroring the national results, at this school, the vast majority of students progressed to 
year 2. Overall, 96% of 2016 entering medical students at this validity school with scores from the current 
MCAT exam progressed to year 2 without delay. 


Figure 12. Percentage of 2016 entering students admitted with scores from the current MCAT exam 
progressing to year 2 without delay, by MCAT total score range, for the validity school from Figure 11 
representing the median correlation of MCAT total scores with summative performance in year 1.1
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1. The results are for the 92 medical students who entered with scores from this version of the MCAT exam at this validity school
in 2016. The highlighted x-axis labels remind readers that these results are based on very small numbers of medical students.
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Figure 13 shows this validity school’s students’ summative performance in year 1, again by MCAT total score 
range. The diamonds show the median performance of students at each score range, and the circles show 
the summative performance of each student at this school, in this class, participating in the validity study.  
The data in Figure 13 highlight three important findings. First, this validity school accepts students with a 
wide range of MCAT total scores. Second, students admitted with higher MCAT total scores, on average, 
showed higher performance across year 1 courses. Finally, at every score range, there was variability in 
medical student performance. Some students showed higher performance in medical school than others 
admitted with the same scores, while others showed lower performance. And, some students with lower 
MCAT scores outperformed others with higher MCAT scores.


Figure 13. Distribution of summative performance in year 1, by MCAT total score range, for those 
students participating in the validity study at the school from Figure 11 representing the median 
correlation of MCAT scores with summative performance in year 1.1


1. The results are for the 84 medical students who entered with scores from this version of the MCAT exam at this validity school in
2016 and who volunteered to participate in the predictive validity study. Gray dots indicate an individual's summative performance
in year 1; diamonds indicate the median for that score range.
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Each medical school admits classes of students that will help meet its educational, research, community 
service, and health care mission and goals by carefully considering the rich and assorted data that applicants 
provide about their experiences, attributes, and academic preparation. Faculty educate students using 
curricula, academic support, and a learning environment tailored to their educational goals and students’ 
needs. In place at each medical school are also different levels of academic, emotional, and wellness support 
services (see, for example, Elks et al 2018). Results from this validity research show that MCAT scores are only 
one signal of students’ likely success, and that other factors might have shaped their performance as well.
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Together, the information in this section shows that the MCAT exam is doing its job in assessing academic 
readiness for medical school. Figure 11 shows that MCAT total scores, alone and together with undergraduate 
GPAs, demonstrate value in predicting applicants’ likely performance across year 1 courses. These data also 
reinforce that medical schools support the students they admit—nationally, 97% of 2016 entrants admitted 
with scores from this version of the exam progressed to year 2 without delay. Admissions committees select 
students who will succeed at their schools, and then these schools support the students they admit—
academically, socially, and in other ways. The academic, social, financial, and other support offered by each 
medical school provides the environment where students can learn.


This is the first large-scale study on the predictive validity of scores from the current version of the MCAT 
exam. The preliminary results are promising. They support the use of MCAT scores, together with other 
application data that are important for admissions decisions. However, there is a lot more to learn about how 
students fare in the remaining years of medical school and whether they graduate on time according to each 
medical school’s curriculum. The section that follows describes the overall research agenda and timelines for 
providing updates on this validity research. Future reports will summarize the research into the predictive 
validity of MCAT scores for performance in later years of medical school and include findings based on data 
from additional cohorts of medical students.
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What else will we learn about the fairness, impact,  
use, and predictive validity of the MCAT exam?
This section describes the full scope of research being conducted on the MCAT exam, including three  
specific areas of inquiry: 1) diversity, fairness, and academic preparation, 2) admissions decision making,  
and 3) predicting medical student performance.


The predictive validity research presented in the previous section is only part of the work that researchers 
are doing to evaluate the MCAT exam. Admissions officers and researchers from 21 medical schools and 
prehealth advisors from two undergraduate institutions are researching the validity of the exam. Table 3 
shows the schools represented on the two committees conducting this research. 


Table 3. Medical Schools Represented on the Two MCAT Validity Committees


Participating Medical School
Psychological, Social, and 
Biological Foundations of 


Behavior Validity Committee


MCAT Validity 
Committee


Boston University School of Medicine ü ü


Columbia University Valegos College of Physicians and Surgeons ü ü


East Tennessee State University James H. Quillen College of Medicine ü


Meharry Medical College ü ü


Memorial University of Newfoundland Faculty of Medicine ü ü


Morehouse School of Medicine ü


Philadelphia College of Osteopathic Medicine ü


Rutgers Robert Wood Johnson Medical School ü


Saint Louis University School of Medicine ü


Stanford University School of Medicine ü


The Ohio State University College of Medicine ü


University of Texas School of Medicine at San Antonio ü ü


Tulane University School of Medicine ü


University of Arizona College of Medicine - Tucson ü


University of Calgary Cumming School of Medicine ü


University of California, San Francisco, School of Medicine ü ü


University of Central Florida College of Medicine ü


University of Illinois College of Medicine ü ü


University of Mississippi School of Medicine ü ü


University of North Carolina at Chapel Hill School of Medicine ü


Uniformed Services University of the Health Sciences F. Edward 
Hébert School of Medicine


ü


Note: Prehealth advisors from Colgate University and Meredith College are also members of the MCAT Validity 
Committee.
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The MCAT Validity Committee is examining the fairness, use, impact,  
and predictive value of scores from the MCAT exam.


The validity research agenda includes research questions about how the exam is used and its impact on 
examinees, applicants, medical students, and medical school admissions committees.


For example, one of the major goals of this research is to determine how well scores from the MCAT exam 
predict performance in medical school. Predictive validity research began in 2013, when a committee of 
researchers from 11 medical schools started collaborating with the AAMC to examine the predictive validity  
of scores from the Psychological, Social, and Biological Foundations of Behavior section of the exam. This early 
research was especially important because this section tested concepts and reasoning skills not previously tested 
on the MCAT exam. This study was designed to help admissions committees, faculty, and other stakeholders 
understand how scores from the Psychological, Social, and Biological Foundations of Behavior section of the 
MCAT exam may contribute to decisions about the academic preparation needed to be ready for medical school 
and to provide these findings in time for the 2016 admissions cycle—the first cycle in which applicants reported 
scores from this version of the exam. 


The MCAT Validity Committee has continued and expanded this research. In addition to studying the predictive 
validity of total and section scores, the MCAT Validity Committee is carefully studying how students prepare for 
and perform on the exam and whether there are ways to improve the information and resources available to 
students. These researchers will also study the ways that MCAT scores are used with other information about 
academic preparation, experiences, and attributes in admissions decision making.







Association of  
American Medical Colleges


24


Using MCAT Data in 2019 Medical Student Selection


Figure 14 shows the three areas of investigation in the MCAT validity research agenda along with sample 
research questions. Early findings are reported in this guide, and the next few pages provide more information 
about future work in each area. The AAMC’s website contains a report that describes the research agenda in 
more detail (aamc.org/mcatvalidityresearch).


Figure 14. MCAT validity research agenda: the three areas of investigation and sample research questions.
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Diversity, fairness, and academic preparation
The MCAT Validity Committee has begun examining data related to diversity, fairness, and academic 
preparation. It is monitoring trends in the sociodemographic makeup of examinees who take the exam. 
The committee is also looking closely at average differences in MCAT scores for examinees from different 
sociodemographic groups compared with differences on the old exam and on other standardized tests.  
The committee is studying whether scores from the MCAT exam predict performance equally well for  
medical students from different sociodemographic backgrounds.


The MCAT Validity Committee is also exploring academic preparation trends, including coursework and other 
ways of learning the prerequisite knowledge and skills for medical school, such as reading on one’s own or 
participating in study groups. The committee is looking carefully at differences in preparation for examinees 
from different sociodemographic backgrounds to understand how the opposing forces of academic preparation 
and a disadvantaged environment influence test scores. Understanding these factors will help the committee 
look for ways to improve the information and resources available to educationally disadvantaged students.



http://aamc.org/mcatvalidityresearch
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Admissions decision making
Research on the use of MCAT scores in admissions decision making is underway. The committee is studying 
how admissions officers and their committees work with the MCAT scores in the first admissions cycles in 
which applicants submitted scores from this version of the MCAT exam.


The MCAT Validity Committee administered a survey in the summer of 2017 to gather data about the use of 
this version of the MCAT exam in medical school admissions processes, admissions decisions, and how scores 
from the exam are being used. This survey was administered at the close of the 2017 admissions cycle, after 
admissions committees had worked for two years with scores from the exam. Some of the results from this 
survey are described on page 13.


Predicting students’ academic performance in medical school
Two committees are conducting research to examine the value of total and section scores from the MCAT exam 
in predicting students’ academic performance in medical school. Early research was conducted on scores from 
the Psychological, Social, and Biological Foundations of Behavior section to help admissions officers use scores 
from this section in the first few years after this version of the MCAT exam was introduced. The MCAT Validity 
Committee is continuing this research, examining the value of all four section scores, as well as the total scores, 
in predicting students’ academic performance in all four years of medical school. 


The 18 medical schools participating in the MCAT validity research are collecting medical student performance 
data from entry through graduation for students who entered medical school in 2016 and 2017 with scores 
from this version of the exam. They are examining the association of MCAT scores with academic performance 
in medical school courses and clerkships, performance on USMLE Step exams, progression through medical 
school, time to graduation, and graduation rates. These data will be reported on a regular basis, beginning with 
data about the correlation of MCAT scores with academic performance in students’ initial courses described on 
pages 16–21 of this guide.


The individual medical school, or local, data will answer questions about the association of MCAT scores 
with outcomes tied to the medical school curriculum, such as student performance in courses, on locally 
maintained tests, and on important markers of progression throughout the curriculum. 


The value of the local data is that they allow MCAT scores to be seen in the context of an individual 
medical school with its unique mission, characteristics, curriculum, support, and student body.


The research design for the predictive validity studies also includes national-level data. The national data 
will answer questions about the value of MCAT scores in predicting the performance of medical students 
attending all U.S. M.D.-granting schools. The MCAT Validity Committee will study the associations of  
MCAT scores with national outcomes such as performance on the licensure exams, withdrawal or dismissal 
for academic reasons, and completing medical school with unimpeded progress. These national outcomes 
have meaning for all U.S. medical schools, but they cannot answer questions about things that are important 
to an individual medical school.
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What is the timeline for releasing key findings  
from the MCAT validity research?
Studying the fairness, impact, use, and predictive validity of the MCAT exam will take time. Figure 15 shows 
the timeline for conducting research on examinees, applicants, and medical students who took this version 
of the MCAT exam. The association between MCAT scores and academic performance in year 1 of medical 
school were available at the end of 2017 and are reported in this guide, and year 2 findings will first be 
available at the end of 2018. As shown in Figure 15, it will take several years to see how well MCAT scores 
predict graduation in four or five years.


Figure 15. Timeline for the MCAT validity research agenda.
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In addition to data-based reports, the MCAT Validity Committee will share information about the overarching 
research agenda and goals; its work to define the societal, procedural, and exam fairness that guides their 
research; and its work to identify the factors that may affect the predictive validity of MCAT scores at schools 
that vary in their curricula, missions and goals, applicant pools, and other characteristics.


Each year, this guide to using MCAT scores in medical student selection will include updated findings.  
In addition, new data and research reports will be posted on the Admissions Hub of the AAMC website 
(aamc.org/admissions), released in peer-reviewed publications, and presented at regional and national 
meetings. The AAMC invites admissions officers and their committees (as well as other stakeholders) to  
share the types of research questions that the MCAT Validity Committee should consider as it carries out  
its research agenda (mcatvalidity@aamc.org). 



http://aamc.org/admissions

mailto:mcatvalidity@aamc.org
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Notes
1. At each school, the summative measure of performance correlated highly with medical students’ year 1 


GPAs or class ranks. 


2. Corrections for range restriction were made at the institution level. At each medical school, the applicants 
within each cohort year served as the reference population. Using established statistical methods, the 
observed correlations were adjusted to reflect what the correlation would be if there had been no 
selection—that is, if all students had been selected for admission.


3. According to Cohen (1992), a correlation coefficient of 0.10 is considered a small association; a correlation 
coefficient of 0.30 is considered a medium correlation; and a correlation of 0.50 or greater is considered  
a large correlation.
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Appendix A. Description of the Foundational Concepts, 
Scientific Inquiry and Reasoning Skills, and Information-
Processing Skills Tested on the Four Sections of the MCAT Exam
Appendix A provides descriptions of the foundational concepts, content categories, and ways that examinees 
demonstrate their scientific inquiry and reasoning skills on the three sections of the MCAT exam that assess 
academic preparation in the natural, behavioral, and social sciences. It also describes the ways that examinees 
demonstrate their information-processing skills in the Critical Analysis and Reasoning Skills section.


The concepts tested in each section align with concepts medical school faculty, residents, and medical 
students rated as important to the success of entering students. They are organized around the academic 
competencies described by seminal reports such as the Scientific Foundations for Future Physicians (2009) 
and the Behavioral and Social Science Foundations for Future Physicians (2011). To read more about the 
quantitative and qualitative research that supports the design and development of the MCAT exam, visit 
aamc.org/mr5mcatcollection and see Schwartzstein et al 2013.


Biological and 
Biochemical 


Foundations of 
Living Systems


Critical Analysis and 
Reasoning Skills


Chemical 
and Physical 


Foundations of 
Biological Systems


Psychological, 
Social, and 
Biological 


Foundations  
of Behavior



http://aamc.org/mr5mcatcollection
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Biological and Biochemical Foundations of Living Systems
Medical school applicants must be prepared to learn about the biological and biochemical concepts that 
contribute to health and disease. When they enter medical school, they must be ready to learn how:


• The major biochemical, genetic, and molecular functions of the cell support health and lead to disease


• Cells grow and integrate to form tissues and organs that carry out essential biochemical  
and physiological functions


• The body responds to internal and external stimuli to support homeostasis and the ability to reproduce


The Biological and Biochemical Foundations of Living Systems section tests three foundational concepts and 
several reasoning skills that are building blocks for learning in medical school. This section asks examinees to 
solve problems by combining their knowledge of foundational concepts from biology, biochemistry, general 
chemistry, and organic chemistry with their scientific inquiry and reasoning skills.


Figure A.1 lists the foundational concepts and the more specific content categories tested within each 
foundational concept. It also provides examples of the ways examinees are asked to combine their knowledge 
of foundational concepts with their scientific reasoning skills to answer test questions in this section.


Figure A.1. Foundational concepts, content categories, and scientific inquiry and reasoning skills tested 
on the Biological and Biochemical Foundations of Living Systems section.


Biological and Biochemical Foundations of Living Systems


Foundational Concept 1
Biomolecules have unique properties that determine 
how they contribute to the structure and function 
of cells and how they participate in the processes 
necessary to sustain life.


Foundational Concept 2
Highly organized assemblies of molecules, cells,  
and organs interact to carry out the functions  
of living organisms.


Foundational Concept 3
Complex systems of tissues and organs sense the internal 
and external environments of multicellular organisms, 
and through integrated functioning, maintain a stable 
internal environment within an ever-changing external 
environment.


Content Categories
• Structure and functions of protein and their 


constituent amino acids
• Transmission of genetic information from  


the gene to the protein
• Transmission of heritable information from 


generation to generation and the processes that 
increase genetic diversity


• Principles of bioenergetics and fuel  
molecule metabolism


Content Categories
• Assemblies of molecules, cells, and groups of cells 


within singular cellular and multicellular organisms
• The structure, growth, physiology,  


and genetics of prokaryotes and viruses
• Processes of cell division, differentiation,  


and specialization


Content Categories
• Structure and functions of the nervous  


and endocrine systems and ways in which the 
systems coordinate the organ systems


• Structure and integrative functions of the main 
organ systems


Questions in this section of the test ask examinees to combine their knowledge of the foundational concepts listed above with their scientific inquiry  
and reasoning skills. Questions on this section might ask examinees to:
• Recall the structural characteristics of two tissues and relate them to one another
• Apply their understanding of Le Châtelier’s Principle to explain differences in deprotonation of organic acids when added to blood vs. pure water
• Use knowledge of adaptive immune response to evaluate the acceptability of a treatment for use in a clinical context
• Form a hypothesis about the effect of the pineal gland on thermogenesis based on the data from an experiment investigating the interaction of temperature and pineal 


gland activity on body and organ weights for hamsters under different experimental conditions
• Use data about wavelength and light absorption to determine the color perception of an individual with a given phenotype
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Chemical and Physical Foundations of Biological Systems
Medical school applicants must be prepared to learn about the mechanical, physical, and biochemical 
functions of human tissues, organs, and organ systems and how these contribute to health and disease. 
When they enter medical school, they must be ready to learn about:


• The physiological functions of the respiratory, cardiovascular, and neurological systems in health  
and disease


• Molecular and cellular functions in health and disease


The Chemical and Physical Foundations of Biological Systems section tests two foundational concepts and 
several reasoning skills that are building blocks for learning in medical school. This section asks test takers  
to solve problems by combining their knowledge of foundational concepts from biology, biochemistry, 
physics, and general and organic chemistry with their scientific inquiry and reasoning skills.


Figure A.2 lists the foundational concepts and content categories tested in this section. It also provides 
examples of the ways examinees are asked to combine their knowledge of foundational concepts with their 
scientific inquiry and reasoning skills to answer test questions on the Chemical and Physical Foundations of 
Biological Systems section.


Figure A.2. Foundational concepts, content categories, and scientific inquiry and reasoning skills tested 
on the Chemical and Physical Foundations of Biological Systems section.


Chemical and Physical Foundations of Biological Systems


Foundational Concept 4
Complex living organisms transport materials, sense their environment, process 
signals, and respond to changes using processes that can be understood in terms  
of physical principles.


Foundational Concept 5
The principles that govern chemical interactions and reactions form  
the basis for a broader understanding of the molecular dynamics  
of living systems.


Content Categories
• Translational motion, forces, work, energy, and equilibrium in living systems
• Importance of fluids for the circulation of blood, gas movement, and gas 


exchange
• Electrochemistry and electrical circuits and their elements
• How light and sound interact with matter
• Atoms, nuclear decay, electronic structure, and atomic chemical behavior


Content Categories
• Unique nature of water and its solutions
• Nature of molecules and intermolecular interactions
• Separation and purification methods
• Structure, function, and reactivity of biologically relevant molecules
• Atoms, nuclear decay, electronic structure, and atomic chemical behavior


Questions in this section of the test ask examinees to combine their knowledge of the foundational concepts listed above with their scientific inquiry and 
reasoning skills. Questions on this section might ask examinees to:
• Identify the relationship between the distribution of electric charges in the axon and the electric field lines they produce
• Recognize the principles of flow characteristics of blood in the human body and apply the appropriate mathematical model to an unfamiliar scenario
• Change the experimental conditions of a test for proteins in a solution to prevent the formation of precipitates
• Select between the standard and Doppler ultrasound techniques for a given context, considering the appropriateness, precision, and accuracy of each technique
• Use, analyze, and interpret data in a graph to determine the half-life of a radioactive substance used to measure cardiac function
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Psychological, Social, and Biological Foundations of Behavior
Medical school applicants must be prepared to learn about the impact of behavioral and sociocultural factors 
on illness and health outcomes. When they enter medical school, they must be ready to learn how:


• Cognitive and perceptual processes influence the understanding of health and illness


• Behavior can either support health or increase risk for disease


• Perception, attitudes, and beliefs influence interactions with patients and other members of the health 
care team


• Patients’ social and demographic backgrounds influence their perceptions of health and disease,  
the health care team, and therapeutic interventions


• Social and economic factors can affect access to care and the probability of maintaining health  
and recovering from disease


The Psychological, Social, and Biological Foundations of Behavior section tests five foundational concepts and 
several reasoning skills in the behavioral and social sciences that are building blocks for learning in medical 
school. This section tests the foundational concepts in psychology, sociology, and biology that tomorrow’s doctors 
need to serve an increasingly diverse population and have a clear understanding of the impact of behavior and 
sociocultural differences on health. Like the natural sciences sections, this section asks test takers to solve problems 
by combining their knowledge of foundational concepts with their scientific inquiry and reasoning skills. It does not 
measure applicants’ interpersonal skills, the way they will behave, or their attitudes and beliefs about social issues.


Figure A.3 lists the foundational concepts tested in this section. It also provides examples of the ways examinees 
are asked to combine their knowledge of foundational concepts with their scientific inquiry and reasoning skills 
to answer test questions on the Psychological, Social, and Biological Foundations of Behavior section.


Figure A.3. Foundational concepts, content categories, and scientific inquiry and reasoning skills tested 
on the Psychological, Social, and Biological Foundations of Behavior section.


Psychological, Social, and Biological Foundations of Behavior


Foundational  
Concept 6 
Biological, psychological, and 
sociocultural factors influence 
the ways that individuals 
perceive, think about, and 
react to the world.


Foundational  
Concept 7 
Biological, psychological, and 
sociocultural factors influence 
behavior and behavior change.


Foundational  
Concept 8 
Psychological, sociocultural, and 
biological factors influence the 
way we think about ourselves 
and others.


Foundational  
Concept 9 
Cultural and social differences 
influencewell-being. 


Foundational  
Concept 10 
Social stratification  
and access to resources  
influence well-being.


Content Categories
• Sensing the environment
• Making sense of the 


environment
• Responding to the world


Content Categories
• Individual influences  


on behavior
• Social processes that 


influence human behavior
• Attitude and  


behavior change


Content Categories
• Self-identity
• Social thinking
• Social interactions


Content Categories
• Understanding social 


structure
• Demographic characteristics  


and processes


Content Categories
• Social inequity


Questions in this section of the test ask examinees to combine their knowledge of foundational concepts listed above  
with their scientific inquiry and reasoning skills. Questions on this section might ask examinees to:
• Draw conclusions about the type of memory affected by an experimental manipulation when shown a graph of findings from a memory experiment
• Reason about whether a causal explanation is possible when given an example of how personality predicts individual behavior
• Distinguish the kinds of claims that can be made when using longitudinal data, cross-sectional data, or experimental data in studies of social interaction
• Identify the relationship between demographic variables and health variables reported in a table or figure
• Identify the relationship between social institutions that is suggested by an illustration used in a public health campaign 
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Critical Analysis and Reasoning Skills
The structure of the Critical Analysis and Reasoning Skills section is different from the structure of the other 
sections of the exam. It asks applicants to process information, solve problems, and draw conclusions from 
information that is presented in passages. Medical students are required to comprehend and analyze a great deal 
of information in different contexts, and this section has been developed specifically to assess the information-
processing skills an applicant will need to be successful in medical school.


The Critical Analysis and Reasoning Skills section tests how well applicants comprehend, analyze, and 
evaluate what they read; draw inferences from text; and apply arguments to new ideas and situations. It 
tests examinees’ ability to process information by having them read passages from a diverse set of disciplines 
in the humanities and social sciences. These passages are excerpted from the kinds of books, journals, and 
magazines that college students are likely to read.


All passages in this section of the MCAT exam consist of multiple paragraphs and require thoughtful reading. 
Students must grasp the meaning of each paragraph and also identify the relationships across paragraphs. 
Additionally, students need to attend to the authors’ stated and unstated assumptions and to the rhetorical choices 
they have made to develop stance, voice, and style. Some passages require an understanding of the authors’ 
interpretations, implications, or applications of historical accounts, theories, observations, or societal trends.


The questions that follow the passages require their own focused kinds of reading, analyzing, and reasoning 
because many ask students to think about the passages from different perspectives or to question the authors’ 
statements, judge the relevance of the authors’ examples, or consider crucial facts that might challenge the 
authors’ assertions or analysis. It is important to keep in mind that the questions on this section do not rely  
on specific background knowledge in the humanities and social sciences. Students get all the information  
they need to answer the questions in the accompanying passages or in the questions themselves.


The Critical Analysis and Reasoning Skills section assesses three broad critical analysis and reasoning skills: 
Foundations of Comprehension, Reasoning Within the Text, and Reasoning Beyond the Text. The major 
elements of each skill are described in Figure A.4.


Figure A.4. Analysis and reasoning skills tested on the Critical Analysis and Reasoning Skills section.


Critical Analysis and Reasoning Skills


Foundations of Comprehension
Questions measuring Foundations of Comprehension ask examinees to demonstrate their information-processing skills by:


• Understanding the basic components of the text, such as the main idea of the passage, the conclusions drawn by the author, and the intended meaning  
of specific words or phrases.


• Inferring meaning from rhetorical devices, word choice, and text structure, such as the use of loaded adjectives that reveal whether an author is objectively 
conveying factual information or a bias about an issue, the use of point-counterpoint to describe two perspectives on an issue, or the use of sarcasm or 
symbolism that signals that words should not be taken literally.


Reasoning Within the Text
Questions measuring Reasoning Within the Text ask examinees to demonstrate their information-processing skills by:


• Integrating different components of the text to increase comprehension or analysis, such as identifying sections of a passage that support an author’s position, 
identifying assumptions that underlie a position taken, distinguishing between opinion and fact, or judging the veracity of an argument.


Reasoning Beyond the Text
Questions measuring Reasoning Beyond the Text ask examinees to demonstrate their information-processing skills by:


• Applying or extrapolating ideas from the passage to new contexts, situations, possibilities, alternatives, options, or proposals, such as identifying a new scenario 
that is consistent with an author’s point of view or a relationship described in the passage.


• Assessing the impact of introducing new factors, information, or conditions to ideas from the passage to evaluate students’ understanding that inferences  
and conclusions may change in the face of new information.
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Appendix B. Summary of MCAT Total and Section Scores 
MCAT Total Scores and Percentile Ranks in Effect May 1, 2018–April 30, 2019


Total 
Score


Percentile 
Rank


Total 
Score


Percentile 
Rank


Total 
Score


Percentile 
Rank


472 <1 491 21 510 81
473 <1 492 24 511 84
474 <1 493 26 512 86
475 <1 494 29 513 89
476 1 495 32 514 91
477 1 496 35 515 92
478 2 497 39 516 94
479 2 498 42 517 95
480 3 499 46 518 96
481 4 500 49 519 97
482 5 501 52 520 98
483 6 502 56 521 99
484 7 503 59 522 99
485 9 504 63 523 99
486 10 505 66 524 100
487 12 506 69 525 100
488 14 507 73 526 100
489 16 508 76 527 100
490 18 509 79 528 100


Notes
• The column labeled "Percentile Rank" provides the percentage of scores equal to or less than each


score point. These percentile ranks are based on all MCAT results from the 2015–2017 testing years 
combined. For example, 76% of MCAT total scores were equal to or less than 508 across all exams
administered in 2015–2017 combined.


• Updates to the percentile ranks will be made on May 1st each year and will be based on exams
administered in the three most recent test administration years.
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MCAT Section Scores and Percentile Ranks in Effect May 1, 2018–April 30, 2019


Total 
Score


Percentile 
Rank


118 1
119 3
120 6
121 12
122 21
123 31
124 43
125 55
126 66
127 77
128 86
129 92
130 97
131 99
132 100


Total 
Score


Percentile 
Rank


118 1
119 2
120 7
121 13
122 23
123 35
124 48
125 60
126 72
127 82
128 89
129 95
130 98
131 99
132 100


Total 
Score


Percentile 
Rank


118 1
119 3
120 6
121 12
122 19
123 29
124 41
125 52
126 64
127 75
128 85
129 91
130 96
131 99
132 100


Total 
Score


Percentile 
Rank


118 1
119 2
120 6
121 11
122 19
123 28
124 39
125 50
126 62
127 73
128 83
129 90
130 95
131 99
132 100


Chemical and Physical Foundations of Biological Systems


Critical Analysis and Reasoning Skills


Biological and Biochemical Foundations of Living Systems


Psychological, Social, and Biological Foundations of Behavior


Mean = 125.1
Std. Deviation = 3.0


Mean = 124.8
Std. Deviation = 2.9


Mean = 125.3
Std. Deviation = 3.0


Mean = 125.4
Std. Deviation = 3.1
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Research Report


Research evaluating the predictive 
validity of the Medical College Admission 
Test (MCAT) has focused primarily on 
the relationship between MCAT scores 


and scores on the United States Medical 
Licensing Examination (USMLE) Step 
exams. Overall, studies have shown that 
MCAT scores predict medical school 
matriculants’ subsequent scores on 
licensure exams up to six years after 
matriculation.1–5 Critics suggest that these 
studies overstate the predictive value of 
MCAT scores because the analyses relate 
scores from a standardized admission 
test to scores from standardized licensing 
tests, ignoring important measures of 
medical student performance like course 
grades and clerkship ratings, the need 
for academic remediation, measures 
of academic distinction, and time to 
graduation.6,7


Although the majority of students who 
start medical school graduate within 
five years of matriculation, 6% do not.8 
Some students leave medical school 
for academic reasons, and others leave 
for personal or financial reasons. Some 
students take longer than planned 
to graduate because they encounter 
academic difficulties in courses or 
clerkships, have trouble passing the 
USMLE Step exams, or are slowed 
by nonacademic complications. This 


study expands the criterion domain 
for predictive validity research on the 
MCAT exam by focusing on students’ 
progress through medical school. We 
examined relationships between MCAT 
total scores, undergraduate grade point 
averages (UGPAs), and a new variable: 
unimpeded progress toward graduation 
(UP). We considered matriculants who 
did not withdraw and were not dismissed 
for academic reasons, graduated within 
five years, and did not repeat any of the 
Step 1 or 2 exams before passing them 
to have experienced UP. We considered 
students who had difficulty in any of 
these areas not to have experienced UP; 
in other words, such students experienced 
impeded progress in medical school (IP).


Implications of IP and UP


UP is an important outcome because 
students’ progress through medical 
school has individual, institutional, and 
societal implications. Arguably, the most 
important implications of UP and IP 
are for individual matriculants. In 2012, 
the median one-year cost of attendance 
at U.S. medical schools was $53,685 for 
public schools and $72,344 for private 


Abstract


Purpose
Most research examining the predictive 
validity of the Medical College Admission 
Test (MCAT) has focused on the 
relationship between MCAT scores and 
scores on the United States Medical 
Licensing Examination Step exams. This 
study examined whether MCAT scores 
predict students’ unimpeded progress 
toward graduation (UP), which the 
authors defined as not withdrawing 
or being dismissed for academic 
reasons, graduating within five years of 
matriculation, and passing the Step 1, 
Step 2 Clinical Knowledge, and Step 2 
Clinical Skills exams on the first attempt.


Method
Students who matriculated during 
2001–2004 at 119 U.S. medical schools 
were included in the analyses. Logistic 
regression analyses were used to 
estimate the relationships between 
UP and MCAT total scores alone, 
undergraduate grade point averages 
(UGPAs) alone, and UGPAs and MCAT 
total scores together. All analyses were 
conducted at the school level and 
were considered together to evaluate 
relationships across schools.


Results
The majority of matriculants experienced 
UP. Together, UGPAs and MCAT total 


scores predicted UP well. MCAT total 
scores alone were a better predictor 
than UGPAs alone. Relationships were 
similar across schools; however, there 
was more variability across schools in the 
relationship between UP and UGPAs than 
between UP and MCAT total scores.


Conclusions
The combination of UGPAs and MCAT 
total scores performs well as a predictor 
of UP. Both UGPAs and MCAT total 
scores are strong predictors of academic 
performance in medical school through 
graduation, not just the first two years. 
Further, these relationships generalize 
across medical schools.
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schools; the median student education 
debt for the class of 2012 was $170,000.9 
Matriculants who experience IP therefore 
have a higher cost of attendance and are 
likely to have higher educational debt on 
graduation than those who experience 
UP. (It should be noted, though, that not 
all schools charge students additional 
tuition for taking more than four years 
to graduate.) Additionally, students who 
withdraw or are dismissed because of 
academic difficulty may be saddled with 
sizable educational debt and lack the 
medical degree that would help them  
pay it off.


In addition, students who experience IP 
may have fewer options after graduation 
than those who experience UP. Not 
passing the Step exams on the first 
attempt, for example, has implications for 
GME opportunities. More than 80% of 
residency program directors responding 
to the 2010 National Resident Matching 
Program (NRMP) Director Survey 
indicated that they would seldom or never 
interview an applicant who had failed 
Step 1 or Step 2 Clinical Knowledge (Step 
2 CK) on the first attempt.10 Applicants 
with first-attempt failures on the Step 
exams are less likely than those who pass 
to match in the NRMP’s Main Residency 
Match.11 They also may have a higher risk 
of being dismissed from GME programs 
that require residents to complete the 
USMLE sequence within a specific time 
frame12 and of failing to achieve licensure 
due to state licensing board restrictions 
on the number of attempts permitted and 
the time line for completing the USMLE 
sequence.13


The implications of IP also extend 
to medical schools. The most recent 
comprehensive study14 of the cost of 
educating medical students in the United 
States estimated that total educational 
resource costs (i.e., both direct 
instructional costs and additional costs 
required to support faculty) were $72,000 
to $93,000 per student per year (in 1996 
dollars). The costs likely have increased 
since that 1997 study was published, 
because of curricular reforms that 
emphasize low student–faculty ratios, 
problem-based and small-group learning, 
and increased clinical course work in the 
first year of medical school.15 In addition, 
there are opportunity costs associated 
with matriculants who withdraw or are 
dismissed for academic reasons because 


their slots could have been filled by 
others. Thus, medical schools bear an 
increase in total educational costs when 
students experience IP.


Finally, there are also societal implications 
related to IP. The Association of 
American Medical Colleges (AAMC) 
projects that there will be a shortage 
of about 125,000 physicians in the U.S. 
workforce by 2025.16 To the extent that 
matriculants withdraw, are dismissed 
for academic reasons, or experience 
delayed graduation, fewer residents 
and, ultimately, fewer physicians will be 
available to manage the nation’s growing 
health care needs.


For these reasons, we believe that UP 
is an important outcome and that 
information about it is of practical 
value to medical school faculty and 
administrators. To the extent that medical 
schools understand predictors of UP, they 
will be able to provide better support 
services for matriculants who are at risk 
for experiencing academic-related delays. 
They also may be better positioned 
to plan for the financial implications 
of accepting matriculants with risk of 
experiencing IP.


Previous research has examined the 
relationship between prematriculation 
variables and outcome variables similar 
to those described above. Using data on 
the 1977 version of the MCAT exam, 
Jones and Vanyur17 found that MCAT 
section scores were negatively related 
to delayed graduation and withdrawal/
dismissal for academic reasons. More 
recent studies using data from the 1991 
version of the MCAT exam have also 
shown links between MCAT scores 
and withdrawal/dismissal for academic 
reasons.1,18,19


Using data from a national sample of 
medical students who matriculated 
in 1992, Huff and Fang18 conducted a 
survival analysis to determine whether 
MCAT scores predicted if and when 
matriculants experienced academic 
difficulty in medical school. After 
controlling for other variables, they 
found that as MCAT scores increased, 
risk of experiencing academic difficulty 
decreased. Similarly, in a study of 11 
medical schools, Julian1 showed that the 
percentage of students who experienced 
academic difficulty decreased as MCAT 


scores increased. Both studies’ authors 
noted that the majority of matriculants 
with lower MCAT scores completed 
medical school without experiencing 
academic difficulty.


Andriole and Jeffe19 examined the  
relationship between various prematricu-
lation variables and a four-category 
variable in which matriculants were 
grouped into one of the following 
categories: (1) withdrawn or dismissed 
for academic reasons, (2) withdrawn or 
dismissed for nonacademic reasons, (3) 
graduated within 10 years and did not 
pass Step 1 and/or Step 2 CK on the first 
attempt, and (4) graduated within 10 
years and passed Step 1 and/or Step 2 
CK on the first attempt. The first three 
categories were considered “suboptimal” 
outcomes; the fourth was considered the 
optimal outcome. Andriole and Jeffe19 
found that matriculants were more likely 
to have suboptimal outcomes if they 
were Asian/Pacific Islanders, belonged 
to underrepresented racial/ethnic 
groups, were 24 years of age or older, had 
obtained an undergraduate degree from 
an institution that was not classified as 
having very high research activity, had 
an MCAT total score less than 29, had 
premedical education debt of $10,000 
or greater, and/or had participated in a 
summer academic enrichment program 
as an undergraduate.


In this study, we extend the published 
research by investigating the relationships 
between MCAT total scores, UGPAs, and 
UP, a new indicator that incorporates 
medical student academic outcomes 
beyond standardized test scores and 
occurs about six years after application 
to medical school. We examine these 
relationships at the school level, allowing 
for the investigation of potential 
differences in the MCAT’s predictive 
validity by school.


Method


We drew all matriculant data used in this 
study from deidentified research tables 
in the AAMC’s Data Warehouse. We 
linked data for individual matriculants 
using the AAMC research identification 
variable. This study was approved by 
the institutional review board of the 
American Institutes for Research as part 
of the MCAT program’s psychometric 
research protocol.
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Study sample


Individuals who matriculated at 128 
MD-granting U.S. medical schools 
between 2001 and 2004 and took the 
paper-and-pencil 1991 version of the 
MCAT exam were eligible for inclusion 
in this study. We selected these cohorts 
because, in February 2012 when we 
conducted this study, the majority of 
these matriculants had completed the 
Step 1, Step 2 CK, Step 2 Clinical Skills 
(Step 2 CS), and Step 3 exams and had 
graduated from medical school. We 
excluded matriculants enrolled in MD/
PhD or other special programs because 
of planned delays in graduation. We also 
excluded matriculants from medical 
schools that were missing UGPA data for 
30% or more of the matriculants (n = 6) 
and those with special or joint programs 
that have unique educational missions or 
atypical time lines for graduation (n = 3). 
The final subset of 119 medical schools 
(71 public and 48 private) mirrored the 
distribution of U.S. public and private 
schools and was geographically diverse. 
Across the four years, the number of 
students in each school ranged from 118 
to 1,084, with a median of 426 students 
per school.


Description of variables


Predictor: UGPA. Cumulative UGPA 
is the average of the matriculant’s 
grades from all undergraduate courses; 
it excludes grades from any graduate 
courses. We chose UGPA rather than 
the biology, chemistry, physics, and 
math (BCPM) GPA because UGPA is 
a more complete representation of the 
undergraduate academic experience. 
Differences in baccalaureate course 
content and grading standards make 
the meaning of UGPAs variable across 
undergraduate institutions, however.


Predictor: MCAT total score. The MCAT 
total score is the sum of the matriculant’s 
scores on the three multiple-choice 
sections of the 1991 version of the exam: 
Verbal Reasoning (VR), Biological 
Sciences (BS), and Physical Sciences (PS). 
The VR section assesses the examinee’s 
ability to understand, evaluate, and apply 
information and arguments presented 
in text. The BS and PS sections assess 
the examinee’s ability to apply his or her 
introductory-level knowledge of biology, 
chemistry, and physics to solve scientific 


problems. Scores for each multiple-choice 
section are reported on a 15-point scale, 
resulting in an MCAT total score ranging 
from 3 to 45. In our analyses, we included 
each matriculant’s most recent MCAT 
total score at the time of application to 
medical school.


Criterion: UP. We created a dichotomous 
composite variable, UP, that represents 
academic progress in medical school. 
UP was operationalized as not being 
dismissed or withdrawing for academic 
reasons, graduating within five years of 
matriculation, and passing Step 1, Step 
2 CK, and Step 2 CS on the first attempt. 
Using this variable, we identified two 
categories of matriculants: those who 
experienced UP and those who did not 
(i.e., experienced IP).


Data analyses


Many admission committees use MCAT 
total scores and UGPAs together to 
predict applicants’ academic readiness 
for medical school, but the ways they use 
these data differ according to institutions’ 
educational missions, goals, and applicant 
pools.20,21 As such, we examined the 
predictive validity of UGPAs and MCAT 
total scores separately and together. This 
allowed the comparison of the predictive 
validity for the following models:


•	 Model 1: UGPAs alone


•	 Model 2: MCAT total scores alone


•	 Model 3: UGPAs and MCAT total 
scores together


We examined the predictive validity 
of UGPAs and MCAT total scores at 
the school level. That is, we conducted 
separate analyses for each medical 
school. We used this approach for 
several reasons: (1) Medical schools 
use UGPAs and MCAT total scores 
differently, (2) the meaning of some 
medical student outcomes, such as 
standards for withdrawal/dismissal due 
to academic reasons and for graduation, 
differ across schools, (3) schools offer 
different levels and types of academic 
support, and (4) schools have their own 
educational missions and goals. These 
differences might alter the relationships 
between UGPAs, MCAT total scores, and 
UP. Adopting a school-level approach 
allowed us to investigate whether the 
direction and strength of relationships 
between these variables differed by 


school, as well as to estimate the validity 
of UGPAs and MCAT total scores across 
all 119 schools.


We used logistic regression analyses 
to estimate the relationships between 
UGPAs, MCAT total scores, and UP. 
We did not correct logistic regression 
analyses for range restriction. We 
summarized results across schools 
by computing the median and 
interquartile range (IQR) of predicted 
UP rates.


We also evaluated the extent to which 
each model differentiated between 
matriculants who experienced UP and 
those who did not, using the area under 
the receiver operator characteristic curve 
(AUC).22 We considered a model to be 
discerning when the confidence interval 
(CI) around the AUC was greater than 
0.50.23 For each model, we examined the 
95% CI for the AUC by school. Then, we 
computed the percentage of schools in 
which the 95% CI was greater than 0.50 
for each model.


Results


Across the distribution of 119 medical 
schools included in this study, we 
observed that the majority of matriculants 
experienced UP: For schools at the 
10th percentile, 83% of matriculants 
experienced UP; for schools at the 
25th percentile, 87% of matriculants 
experienced UP; for schools at the 
50th percentile, 90% of matriculants 
experienced UP; for schools at the 
75th percentile, 92% of matriculants 
experienced UP; and for schools at the 
90th percentile, 95% of matriculants 
experienced UP. Therefore, in the majority 
of schools in the sample, at least 83% of 
matriculants experienced UP.


Figure 1 shows the positive relationship 
between UGPAs and the percentage of 
matriculants predicted to experience 
UP: The likelihood of a matriculant 
experiencing UP increases as his or her 
UGPA increases until UGPA exceeds 
3.50, and then it tends to level off. As 
illustrated by the size of the IQRs, the 
relationship between UGPAs and UP 
varies across medical schools. When 
UGPAs are low, there is more variability 
in the likelihood of UP than when 
UGPAs are high.
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Figure 2 shows the positive relationship 
between MCAT total scores and the 
percentage of matriculants predicted 
to experience UP: The likelihood of a 
matriculant experiencing UP increases 
consistently as his or her MCAT score 
increases until MCAT total score exceeds 
30, at which point it tends to level off. As 
observed with UGPAs, the relationship 
between MCAT total scores and UP varies 
across medical schools. When MCAT 
scores are low, there is more variance in 
the likelihood of UP than when MCAT 
scores are high. However, the IQRs for 
MCAT total scores are smaller than 
those for UGPAs, indicating that the 
relationship between MCAT scores and 


UP is more similar across schools than is 
the relationship between UGPAs and UP.


Figure 3 shows that the relationship 
between MCAT total scores and the 
percentage of matriculants predicted 
to experience UP depends on UGPAs. 
That is, at all points along the MCAT 
total score scale, medical students are 
more likely to experience UP if they have 
higher UGPAs. This effect is stronger for 
lower MCAT total scores than for higher 
MCAT total scores.


Our analyses to determine which model 
is the best predictor of UP provided the 
following results:


•	 UGPAs alone (Model 1) differentiated 
among matriculants who were and were 
not likely to experience UP in 76 (64%) 
schools.


•	 MCAT total scores alone (Model 2) 
differentiated among matriculants who 
were and were not likely to experience 
UP in 89 (75%) schools.


•	 UGPAs and MCAT total scores together 
(Model 3) differentiated among 
matriculants who were and were not 
likely to experience UP in 107 (90%) 
schools.


Thus, the combination of UGPAs 
and MCAT total scores offers better 
prediction of UP than either UGPAs or 
MCAT total scores alone.


Discussion


In this study, we found that the 
combination of UGPAs and MCAT total 
scores predicts UP, an academic outcome 
that relies on data beyond standardized 
test scores and occurs about six years after 
application to medical school. MCAT 
total scores, however, contribute more to 
the prediction of UP than do UGPAs. By 
using data for matriculants at 119 U.S. 
medical schools, we demonstrated that 
the relationships among UGPA, MCAT 
total scores, and UP generalize across 
medical schools, although there is some 
variance in predictive value at lower 
UGPAs and lower MCAT total scores.


We extended previous research on the 
predictive validity of the MCAT exam 
by examining the relationships between 
UGPAs, MCAT total scores, and our UP 
indicator, which incorporates data about 
not experiencing academic difficulty 
resulting in withdrawal or dismissal 
from medical school, graduating within 
five years of matriculation, and passing 
Step 1, Step 2 CK, and Step 2 CS on the 
first attempt. Our findings indicate that 
UGPAs and MCAT total scores are both 
strong predictors of the extent to which 
matriculants will experience UP; this is 
important because it shows that UGPAs 
and MCAT total scores predict academic 
performance in medical school well 
beyond the first two years. Our findings 
are also consistent with research showing 
that MCAT scores predict IP in medical 
school17–19 as well as academic outcomes 
beyond test scores, such as grades in basic 
sciences courses, clerkship performance, 
and academic difficulty or distinction.1,5
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Figure 1 Median and interquartile range (IQR) of the percentage of 2001–2004 matriculants 
at 119 U.S. medical schools predicted to experience unimpeded progress toward graduation 
(UP) based on undergraduate grade point average (UGPA). UP was operationalized as not being 
dismissed or withdrawing for academic reasons, graduating within five years of matriculation, 
and passing the United States Medical Licensing Examination Step 1, Step 2 Clinical Knowledge, 
and Step 2 Clinical Skills exams on the first attempt. Shaded boxes represent the IQRs. The lower 
bound represents the 25th percentile, and the upper bound represents the 75th percentile of 
the percentage of matriculants predicted to experience UP across schools; the Xs in these boxes 
represent the median.
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Figure 2 Median and interquartile range (IQR) of the percentage of 2001–2004 matriculants 
at 119 U.S. medical schools predicted to experience unimpeded progress toward graduation (UP) 
based on Medical College Admission Test (MCAT) total score. UP was operationalized as not 
being dismissed or withdrawing for academic reasons, graduating within five years, and passing 
the United States Medical Licensing Examination Step 1, Step 2 Clinical Knowledge, and Step 2 
Clinical Skills exams on the first attempt. MCAT total score represents the sum of the matriculant’s 
most recent scores on the three multiple-choice sections of the 1991 version of the exam (possible 
range, 3–45). Shaded boxes represent the IQR. The lower bound represents the 25th percentile, 
and the upper bound represents the 75th percentile of the percentage of matriculants predicted 
to experience UP across schools; the Xs in these boxes represent the median.
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Second, consistent with Julian’s study,1 
our findings indicate that MCAT total 
scores are better predictors of UP than 
are UGPAs alone. This is likely because 
the content of the MCAT exam is more 
closely aligned with the USMLE Step 
exams (which are a component of UP) 
than are UGPAs. UGPAs reflect several 
areas of study and are likely influenced 
by factors beyond academic knowledge 
and skill (e.g., study habits). In addition, 
UGPAs are not standardized across 
undergraduate institutions.


Third, we found that UGPAs and MCAT 
total scores together predict UP better 
than either UGPAs or MCAT total scores 
do alone. This finding is consistent with 
previously published research indicating 
that the combination of UGPAs and 
MCAT total scores yields the best 
prediction of scores on the Step exams.1 
It also suggests that medical school 
admission committees should consider 
UGPA and MCAT total scores together 
when evaluating applicants.


Finally, we examined the extent to which 
the relationships between UGPAs, MCAT 
total scores, and academic outcomes 
(i.e., UP) varied across 119 U.S. medical 
schools. Our results indicated that 
there was consistency across schools; 
however, there was more variability 
between schools in the percentage of 
matriculants predicted to experience UP 
at lower UGPAs and lower MCAT total 
scores. One reason for variability in these 
relationships is likely sampling error due 
to differences in sample sizes, applicant 


pools, and admission criteria. Other 
reasons include medical schools’ different 
goals and missions, their different 
standards for academic performance and 
graduation,24 and the different levels of 
academic support they offer throughout 
medical school and in preparation 
for the Step exams. These differences, 
particularly in the level of academic 
support provided, may have more impact 
on students with lower UGPAs and lower 
MCAT scores.


Limitations


This study was limited to the variables 
about academic performance in medical 
school available in AAMC databases. 
Our data did not allow us to examine 
the relationships between UGPAs, 
MCAT total scores, medical school 
grades, clerkship ratings, and other 
local indicators of students’ academic 
performance in medical school. In 
addition, results of this study may not 
generalize to the new versions of the 
MCAT and Step 1 exams.


There are also some deficiencies of the 
UP variable which may influence the 
generalizability of our results and the 
magnitude of the relationships between 
UP, UGPAs, and MCAT total scores. 
As noted above, we employed UP as a 
composite variable that included not 
withdrawing or being dismissed for 
academic reasons, graduating within 
five years, and passing Step 1, Step 2 CK, 
and Step 2 CS on the first attempt. UP 
could be defined in different ways, and 
its components could differ by medical 


school. For example, it is possible 
that failing Step 2 CK may not delay 
graduation at all schools. In addition, 
UP was limited by the quality of data 
available about matriculants with 
planned delays in graduation. We tried 
to minimize this limitation by excluding 
matriculants who were enrolled in 
joint degree programs or other special 
programs that may delay graduation; 
however, we were not able to identity all 
such matriculants.


Additionally, we did not correct for range 
restriction in the logistic regression 
analyses because there is not an agreed-
on approach for doing so.25 Further, 
the majority of matriculants proceed 
through medical school without major 
academic setbacks and pass Step 1, 
Step 2 CK, and Step 2 CS on the first 
attempt.24 As a result, there was relatively 
little variance in UP within or across 
schools, limiting our ability to detect 
an effect. Additionally, there were small 
sample sizes for some extreme UGPAs 
and MCAT total scores, which may have 
limited the accuracy and generalizability 
of our predictions for those UGPAs and 
MCAT total scores.


Finally, this study did not examine the 
relationships between UGPAs, MCAT 
total scores, and physician performance 
because relevant outcome data were not 
available. Recent models suggest that 
physician performance is complex and 
multidimensional, consisting of several 
meta-dimensions: academic knowledge 
and skills (e.g., clinical knowledge and 
expertise, clinical problem solving), 
interpersonal skills (e.g., communicating 
and building relationships), and 
intrapersonal skills (e.g., professional 
integrity, personal organization).26–28 
It is important to note that the MCAT 
exam is not designed to predict the 
entire domain of medical student or 
physician performance. Rather, it is 
designed to predict academic knowledge 
and skills alone. Other admission tools, 
such as the interview, are intended to 
predict interpersonal and intrapersonal 
aspects of medical student and physician 
performance.


Future directions


As admission tools are designed to predict 
different aspects of performance, we 
suggest that future research on predictive 
validity clearly specify which aspects 
of performance the tool is designed 
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Figure 3 Median percentage of 2001–2004 matriculants at 119 U.S. medical schools predicted 
to experience unimpeded progress toward graduation (UP) based on undergraduate grade point 
average (UGPA) and Medical College Admission Test (MCAT) total score. UP was operationalized 
as not being dismissed or withdrawing for academic reasons, graduating within five years, and 
passing the United States Medical Licensing Examination Step 1, Step 2 Clinical Knowledge, 
and Step 2 Clinical Skills exams on the first attempt. MCAT total score represents the sum of the 
matriculant’s most recent scores on the three multiple-choice sections of the 1991 version of the 
exam (possible range, 3–45).







Research Report


Academic Medicine, Vol. 88, No. 5 / May 2013 671


to predict and provide a conceptual 
rationale for specific predictor–outcome 
relationships. Future research on the 
MCAT exam should examine whether 
MCAT total scores predict long-term 
academic knowledge and skills in clinical 
settings. For example, outcomes like 
diagnostic accuracy, recertification, 
career distinction, and promotion in 
military settings would be conceptually 
appropriate outcomes given the purpose 
of the MCAT exam. Additionally, as 
performance is multidimensional in 
nature, it is important to evaluate 
the incremental contribution of 
nonacademic factors (e.g., interpersonal 
skills) above UGPAs and MCAT total 
scores in predicting academic knowledge 
and skills. Likewise, future research 
should assess whether UGPAs and MCAT 
total scores contribute to the prediction 
of other aspects of performance, such as 
communication skills or demonstrating 
cultural competence, which may rely on 
specific technical knowledge.


We also suggest that this study be 
replicated with data from the future 
versions of the MCAT exam and Step 
exams and with BCPM GPA. Researchers 
should also examine school-level 
variables (e.g., provision of academic 
support, mission, class size) that may 
moderate the relationships between 
UGPAs, MCAT total scores, and 
various medical student outcomes. For 
example, does smaller class size or the 
provision of academic support reduce 
the relationships between UGPAs, MCAT 
scores, and UP? To these ends, the AAMC 
plans to establish a validity studies 
service with a pilot group of medical 
schools to validate the 2015 version of 
the MCAT exam. This service will be 
used to expand the evidence base for the 
validity of the MCAT exam, and it will 
act as a springboard for ongoing and 
collaborative validity research between 
the AAMC and member schools.
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Abstract


The Carnegie Foundation for the
Advancement of Teaching, which in 1910
helped stimulate the transformation of
North American medical education with
the publication of the Flexner Report, has a
venerated place in the history of American
medical education. Within a decade
following Flexner’s report, a strong
scientifically oriented and rigorous form of
medical education became well
established; its structures and processes
have changed relatively little since.
However, the forces of change are again
challenging medical education, and new


calls for reform are emerging. In 2010,
the Carnegie Foundation will issue
another report, Educating Physicians: A
Call for Reform of Medical School and
Residency, that calls for (1) standardizing
learning outcomes and individualizing
the learning process, (2) promoting
multiple forms of integration, (3)
incorporating habits of inquiry and
improvement, and (4) focusing on the
progressive formation of the physician’s
professional identity. The authors, who
wrote the 2010 Carnegie report, trace
the seeds of these themes in Flexner’s


work and describe their own conceptions
of them, addressing the prior and current
challenges to medical education as well
as recommendations for achieving
excellence. The authors hope that the
new report will generate the same
excitement about educational innovation
and reform of undergraduate and
graduate medical education as the
Flexner Report did a century ago.


Acad Med. 2010; 85:220–227.


At the beginning of the 20th century,
the Carnegie Foundation for the
Advancement of Teaching spearheaded a
major reform movement in medical
education. The movement was guided by
Abraham Flexner’s vision—a vision in
which scientific rigor and educational
excellence were the driving forces in the
preparation of physicians. Now, at the
beginning of the 21st century, the
Carnegie Foundation for the
Advancement of Teaching is again calling
for reforms that will improve the
preparation of physicians. These two calls
for change address remarkably similar
themes but come out of distinctly


different historical contexts and result
in quite different recommendations. In
this article, we trace four common
themes across the two studies: (1)
standardization of learning outcomes and
individualization of the learning process,
(2) integration of formal knowledge and
clinical experience, (3) development of
habits of inquiry and improvement, and
(4) formation of professional identity.
We argue that the Flexner model, which
served medical education well for much
of the 20th century, must be transformed
to promote excellence in medical
education for the 21st century.


We also describe the historical contexts
of the two Carnegie studies of medical
education in 1910 and 2010, their main
themes, key recommendations, and their
policy proposals to implement the
recommendations.


Precursors to the Call for Reform
in 1910


Precursors of Flexner’s study of medical
education were conducted by the
Association of American Medical
Colleges (AAMC) in a few of its member
schools in 1904 and by the American
Medical Association’s (AMA’s) Council
on Medical Education in all medical
schools in 1906 and 1907. Under the
leadership of Dr. N.P. Colwell, the AMA


national survey, which used as its
standard the most rigorous university
models of Johns Hopkins University
School of Medicine, Harvard Medical
School, and others, revealed that many
medical schools were deeply unsatisfactory.
However, the AMA was in a delicate
position of not wanting to condemn its
own members, and it therefore sought
the assistance of the Carnegie Foundation
for the Advancement of Teaching, an
impartial third party to conduct a
comprehensive study of medical
education in North America. In 1908, Dr.
Henry Pritchett, inaugural president of
the foundation, hired Abraham Flexner,
not a physician but the former headmaster
of a private high school in Louisville,
Kentucky, to conduct the study.1


Before embarking on his site visits,
Flexner went to Johns Hopkins, where his
brother Simon had studied medicine.
After speaking with faculty members
there, he adopted the Johns Hopkins
model as his exemplar of excellence. As
he stated, “Without this pattern in the
back of my mind, I could have accomplished
little. With it I began a swift tour of
medical schools in the United States and
Canada.”2(p115) During his site visits to all
155 medical schools in the United States
and Canada in 1909, Flexner came to the
same conclusion as Dr. Colwell: There
were a number of excellent university-
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based programs and many poor-quality
for-profit medical schools. Flexner wrote,
“Dr. Colwell and I made many trips
together, but, whereas he was under the
necessity of proceeding cautiously and
tactfully, I was fortunately in position to
tell the truth with utmost frankness,”
which he did indeed do.2(p115)


Flexner’s 1910 Report on Medical
Education


Flexner’s 1910 report, Medical Education
in the United States and Canada: A Report
to the Carnegie Foundation for the
Advancement of Teaching,3 contains two
parts: a year-by-year description of the
proper medical school curriculum and
the resources required to support it, and
brief reports on each medical school he
visited. Table 1 lists four themes
emphasized in the Flexner Report and
outlines the key problems that were
addressed and the reforms recommended,
which we summarize below.


Lack of standardization


Medical education in North America in
the late 19th century was an ineffectual
educational process, lacking rigorous
academic standards and often carried out
by local practitioners supplementing


their clinical incomes. Schools were small
and typically owned by the doctors, who
operated them for a profit. Admission
standards were minimal, typically a high
school education, and all graduated
regardless of the level of academic
achievement. These findings fueled
Flexner’s recommendation to emulate the
best university programs and insist on a
strong, scientifically based undergraduate
education prior to admittance to medical
school.


Another of Flexner’s recommendations
addressed the great variability in
curriculum among medical schools and
the heterogeneity in student preparation
and achievement. To better prepare
students for the scientific approach to
medical education, he advocated a set of
science courses and a baccalaureate
degree as prerequisites to matriculation
into medical school. Flexner further
supported the adoption of a rigorous
four-year curriculum offered by the high-
quality elite university medical schools
and the elimination of the 16 weeks of
lectures that were repeated once, which
were common among the small, poor-
quality proprietary medical schools. In
those proprietary schools, there were
rarely any laboratories or clinical
experiences; students only infrequently


examined a patient during their training.
The curriculum was based on the
received wisdom and practices of
physicians, and there was no connection
between practice and advances in
science.1 By contrast, Flexner advised
widespread adoption of a medical
curriculum consisting of two years of
basic science followed by two years of
clinical experience in a teaching hospital.


Because there were neither accepted
academic standards nor an accrediting
agency, many medical schools were of
very poor quality. And, without licensing
requirements, there was little way for the
public to know if medical students were
competent on graduation.


Lack of integration


As Flexner observed, most medical
schools relied on lectures, repeated once,
to transmit the information that students
needed to learn to become doctors. He
contended that this passive form of
learning was ineffective if it was not
connected to practice and argued that
knowledge needed to be applied through
more active forms of laboratory and
clinical experience. By expanding
laboratory and supervised clinical
experience, Flexner believed that students


Table 1
Flexner’s Recommendations for Educating Physicians in1910*


Flexner Report of 1910


Theme Challenges Recommendations


Standardization ● Lack of standard, rigorous curricula ● Insist on four years of college and a set of specific
science courses as a prerequisite to medical studies


..............................................................................................................................................................................................................................................
● Poorly prepared students ● Create a standardized four-year curriculum in 2 � 2


design
..............................................................................................................................................................................................................................................
● Heterogeneity in student achievement ● Establish accreditation process for medical schools


...................................................................................................................................................................................................................................................................................................................
Integration ● Limited science and laboratory experience in


the curriculum
● Incorporate laboratory learning into the curriculum and


connect advances in the laboratory with clinical practice
at the bedside


..............................................................................................................................................................................................................................................
● Limited or no interaction with patients and


therefore minimal opportunity to apply
knowledge from lectures to patient care


● Expand the curriculum by two years and provide clinical
training in university teaching hospitals


...................................................................................................................................................................................................................................................................................................................
Habits of inquiry and
improvement


● Excessive emphasis on rote memorization
rather than on learning-by-doing in the
laboratory and hospital


● Train physicians to “think like scientists” using scientific
inquiry and research to solve clinical problems


..............................................................................................................................................................................................................................................
● Tradition-bound rather than scientifically


oriented curriculum and faculty
● Require medical education to be taught by scientifically


trained faculty members within university classroom and
clinical settings


...................................................................................................................................................................................................................................................................................................................
Identity formation ● Teaching by unqualified faculty members ● Immerse medical education in university culture


..............................................................................................................................................................................................................................................
● Role modeling by variably competent physicians


in many proprietary and for-profit schools
● Facilitate close and sustained contact between learners


and scientifically based faculty role models


* Source: Flexner A. Medical Education in the United States and Canada: A Report to the Carnegie Foundation for
the Advancement of Teaching. Bulletin No. 4. Boston, Mass: Updyke; 1910.
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would integrate scientific knowledge and
inquiry into the care of their patients.
This integration was deemed essential to
the formation of scientifically oriented
physicians.


The shift to experimental medicine
from a focus on received wisdom
fundamentally changed medical
education. The establishment of medical
laboratories and the creation of
university teaching hospitals made it
possible to incorporate an active learning
process into medical education that
encouraged the application and use of
knowledge to solve clinical problems.1


Lack of inquiry


Flexner, like his predecessors, found that
medical education within small,
proprietary schools was bereft of
scientific investigation and a rigorous
academic culture and relied on rote
memorization of the received wisdom of
practicing physicians. Yet change was
already occurring in the latter part of the
19th century, influenced by the rise of
research laboratories in German
universities, where the mechanisms of
disease were being experimentally
examined and confirmed. Many
American physicians were excited about
this experimentalist approach to
medicine and traveled to Germany to
learn laboratory research methods,
returning with a commitment to establish
scientific medicine at their universities,
which included Chicago, Cornell,
Harvard, Michigan, Pennsylvania, and,
later, Johns Hopkins. Flexner expected
that high-quality medical education
would prepare students to emulate their
scientifically oriented teachers, testing
their formal knowledge against what they
observed at the bedside and refining their
understandings on the basis of their
experience.


Flexner saw the inculcation of scientific
curiosity and methods of investigation, as
opposed to relying on rote memorization,
as critical to medical education.
Physicians should be taught to think like
scientists—to use inquiry and research to
advance the practice of medicine. To
develop these habits of mind, medical
students needed to be educated to
approach problems through inquiry—as
advocated by John Dewey and other
progressive educators. Drawing a parallel
between research and practice,
Flexner4(p4,6) observed that


no distinction can be made between
research and practice. The investigator,
obviously, observes, experiments, and
judges; so do the physician and surgeon
who practice their art in the modern
spirit. At bottom the intellectual attitude
and processes of the two are— or should
be—identical. . . . If this position is
sound, the ward and the laboratory are
logically, from the standpoints of
investigation, treatment, and education,
inextricably intertwined.


As a result, Flexner recommended that
medical education should be located
within university classrooms and
teaching hospitals, where discovery and
the advancement of knowledge are
central to its mission.


Failure to focus on professional identity
formation


In a lecture-dominated curriculum with
limited or no clinical experiences,
students had few opportunities to
observe the professional demeanor or
actions of practitioners and thus had no
role models to emulate. Later, as more
laboratories and clinical experiences were
introduced, there was still no formal
focus on the development of professional
identity. Flexner believed that students
would absorb the values and behaviors of
the faculty if they spent adequate time
with them and learned the practice at
their sides. Thus, student formation
would best be served by immersion in
university culture and sustained contact
with scientifically grounded, university
faculty role models.


In short, Flexner proposed the following
standard features of a four-year
education leading to the MD degree:


• Admission to medical school based on
a bachelor’s degree with a strong
science background.


• A university-based medical school
providing two years of basic science
instruction in laboratories and
classrooms, and two years of clinical
experience in a teaching hospital.


• Instruction by physician–scientists who
engage in teaching, research, and
patient care, bringing the benefits of
the laboratory to the bedside.


• Experience with investigation
through supervised participation in
laboratories and university-based
teaching hospitals.


Applying the standards derived from
Johns Hopkins, Flexner identified a
number of schools that did not measure
up, predominantly small proprietary
schools that had inadequate
instruction, substandard facilities,
unscientific faculty members, and
poorly prepared students.


Response to Flexner’s Call for
Reform


The impact of Flexner’s report, taken
very seriously by the medical education
community, was amplified by muckraking
journalists, who had a field day with
Flexner’s caustic judgments about
specific schools. Within a decade,
approximately one third of the 155
medical schools had closed or merged
with other schools. Unfortunately, a
number of the schools that closed were
the only ones that offered women and
African Americans access to medical
education, a situation that was not
rectified until the 1970s.


By 1920, all of the basic structures for
standardization of medical education
were firmly established. The AMA and
the AAMC separately surveyed and
evaluated medical schools (until 1942,
when they combined their efforts and
formed the Liaison Committee on
Medical Education), the National
Board of Medical Examiners (NBME)
established the United States Medical
Licensing Examinations, and state
medical boards began to license
practicing physicians.


The Flexner Report propelled Abraham
Flexner to national prominence and a
new position as the secretary of the
General Education Board of the John D.
Rockefeller Foundation. By directing
substantial amounts of philanthropic
funds to medical schools, he was able to
upgrade standards and direct the
course of the schools’ educational
programs.5 As a result of all of these
efforts, the scientifically oriented,
university-based medical school and
teaching hospital became the norm by
the start of World War I. According to
Ludmerer,5 this was the first major
transformation in American medical
education and is often referred to as the
“Flexnerian revolution.”
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Precursors to the Call for Reform
in 2010


From World War I to World War II, the
education mission was paramount and
the Flexnerian model of integrating
patient care and teaching was widespread.
Patient care, investigation, and teaching
were all connected because research was
based in large part on careful observations
of patients as well as patient-oriented
investigative work in the laboratory.6


Over the subsequent decades, two
additional revolutions in academic
medicine occurred: the revolution in
biomedical research and the
transformation of clinical practice into
megabusiness. Each of these encouraged
the ascendancy of a different medical
school mission.


After World War II, the first of these
revolutions took place, the rise of
biomedical research. This occurred as a
result of two forces: the rapid expansion
of the National Institutes of Health and
the incorporation of medical schools into
universities; together, these resulted in an
intensifying culture of “publish or
perish.” As research became increasingly
molecular in nature, laboratory-based
faculty found it more and more difficult
to continue teaching and seeing patients;
similarly, clinical teachers were unable to
conduct leading-edge wet lab research.
Thus, Flexner’s ideal of the clinician–
investigator who went back and forth
from the laboratory to the bedside began
to fade.


The other revolution, the transformation
of clinical practice into megabusiness,
began in 1965 with the passage of
Medicare and Medicaid. Medical faculties
expanded dramatically, and the primary
income for medical schools became
clinical practice revenue generated by
the faculty. Over succeeding decades, the
clinical productivity demands on the
faculty increased and continued to do so,
compressing or even eliminating time for
teaching.5 Today, medical students are
being taught primarily by residents in the
context of acutely ill patients on inpatient
services where patients and staff change
frequently and there is little continuity
between the key participants in patient
care. As a result, medical education faces
a new set of challenges unimagined by
Flexner. His recommendations have
served medical education well but are
strained to the limit by contemporary


challenges in the practice of medicine and
medical education.


The Contemporary Carnegie
Study of Medical Education


A new model is needed that builds on the
old but offers a new vision for curriculum,
pedagogy, and assessment. Fortunately,
that vision is beginning to take shape in
innovations currently occurring in both
undergraduate and graduate medical
education. As Flexner’s did, our work as
scholars at the Carnegie Foundation for
the Advancement of Teaching acknowledges
the many innovations we have observed
in the course of our two years of field work
at selected U.S. medical schools and
teaching hospitals; in addition, we are the
beneficiaries of a body of theoretical and
empirical work in medical education and
the learning sciences.


As we reflect on medical education in the
United States at the beginning of the 21st
century, we find, like our famous
forbearer, that it is lacking. Medical
training is inflexible, overly long, and not
learner-centered. Clinical education for
both students and residents excessively
emphasizes mastery of facts, inpatient
clinical experience, teaching by residents,
supervision by clinical faculty who have
less and less time to teach, and hospitals
with marginal capacity or willingness to
support the teaching mission. We
observed poor connections between
formal knowledge and experiential
learning and inadequate attention to
patient populations, health care delivery,
patient safety, and quality improvement.
Learners lack a holistic view of patient
experience and poorly understand the
broader civic and advocacy roles of
physicians. Finally, the pace and
commercial nature of health care often
impede the inculcation of fundamental
values of the profession.


Our study is part of a larger body of work
on preparation for the professions
commissioned by the foundation. The
companion studies, published as books,
address the education of clergy,7 lawyers,8


engineers,9 and nurses.10 Our study will
be published this year. All of these studies
were initiated by then-Carnegie President
Lee Shulman and guided by Carnegie
senior scholars Anne Colby and William
Sullivan. We received institutional review
board approval from the Carnegie
Foundation for the Advancement of


Teaching and the University of California,
San Francisco. Our project was funded by a
grant from the Atlantic Philanthropies.


We studied 11 medical schools and three
nonuniversity teaching hospitals* in the
United States in 2005 and 2006. In
contrast to Flexner, our purpose was not
to evaluate educational programs at these
institutions but, rather, to learn from
their innovations and challenges. Each
medical school and teaching hospital was
selected for interesting educational
innovations as well as to achieve diversity
in terms of geographical representation
and institutional type (e.g., research-
intensive and community-based medical
schools; academic health centers and
nonuniversity teaching hospitals). We did
not begin the project with a unitary or
ideal model in mind as Flexner had done
100 years earlier. Rather, we were aware
of and investigated interesting educational
innovations at medical schools and
residency programs nationally and
considered their impact in framing our
recommendations.


Most of our site visits lasted three days
and included interviews, focus groups
with students, residents, clerkship
directors, and residency program
directors, and observations of clinical
teaching. Before each site visit, we
conducted telephone interviews with
educational leaders, including selected
clerkship directors, residency program
directors, department chairs, the dean of
the medical school, the education-related
associate deans, and the CEO of the
teaching hospital.


In addition to the site visits, we reviewed
the literature from medical education and
the learning sciences to guide the analysis
of our data and to provide a foundation
for our recommendations. Before, during,
and after the site visits, we consulted
widely with the AAMC, the AMA, the
NBME, the Society of Directors of
Research in Medical Education, and
other medical professions organizations,
convened an expert panel to review our


* Atlantic Health; Cambridge Health Alliance; Henry
Ford Hospital and Medical Center; Mayo Clinic
Medical School; Northwestern University; Southern
Illinois University; University of California, San
Francisco; University of Florida; University of
Minnesota; University of North Dakota; University of
Pennsylvania; University of South Florida; University
of Texas Medical Branch; and University of
Washington.
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preliminary observations, and
incorporated the extensive and rigorous
peer reviews of the drafts of each chapter
of the book, Educating Physicians: A Call
for Reform of Medical School and
Residency,11 that presents our findings.


Key Findings and
Recommendations


We envision a medical education system
that


• maximizes flexibility in the process of
achieving standardized outcomes,


• creates opportunities for integrative
and collaborative learning,


• inculcates habits of inquiry and
improvement, and


• provides a supportive learning
environment for the professional
formation of students and residents—
while at the same time it


• advances the health of patients and
patient populations.


Table 2 summarizes our key findings
associated with four themes:


• Standardize learning outcomes and
individualize the learning process.


• Integrate formal learning with clinical
experience.


• Develop habits of inquiry and
improvement into medical education at
all levels.


• Focus on the progressive formation of
professional identity.


We briefly discuss these themes below.


Standardization and individualization


Medical education has historically
standardized accreditation standards on
the length and structure of the
curriculum—for example, two years of
basic science instruction followed by two
years of clinical experience, and three or
more years of residency training. Like
many others, we argue that medical
education should standardize learning
outcomes and general competencies and
then provide greater options for
individualizing the learning experience
for students and residents. By specifying
and assessing competencies, high
standards can be achieved while affording
greater flexibility in the learning process
and shortening the overly long


educational process for those who can
achieve competence early.


Individualization acknowledges that
students and residents arrive with diverse
backgrounds, experiences, and expertise.
Yet, when students begin medical school,
the knowledge and experience they bring
with them are often disregarded. Their
commitment to improving the quality of
life of others and their interest in using
science to do so are important sources of
motivation. Our contention is that we
can offer students and residents more
opportunities to both learn medicine and
also pursue areas of special interest,
creating a richer educational experience
and producing a more broadly trained
physician as a result. This model assumes
that some students and residents will
achieve mastery sooner than others and
should be allowed to pursue topics of
interest in extra depth or to proceed
more rapidly to the next stage of training.
We believe that medical education would
be more engaging and challenging if it
focused on learners as whole persons
with a variety of interests, motivations,
knowledge, skills, learning preferences,
and capabilities. We recommend the
following related to standardization and
individualization:


• Establish rigorous and progressively
higher levels of competency across the
trajectory of medical education and
assess multiple domains in many
settings using a variety of measures so
that students can progress at their own
pace.


• Individualize learning within and
across levels, allowing flexibility in
approaches to learning and the
opportunity to progress as students
achieve competency milestones.


• Offer elective programs around areas of
interest and opportunities for students
and residents to work with researchers
and innovators in such areas as public
health and advocacy, global health,
medical education, clinical and
translational research, and molecular
medicine.


Integration of formal learning with
clinical experience


We use the word integration to refer to
the integration of formal knowledge of
the basic, clinical, and social sciences with
clinical experience in a much more
balanced manner than is true today. This


means that medical students should be
provided early clinical immersion and
residents should have more intense
exposure to the sciences and best
evidence underlying their practices.
Integration also includes using that
knowledge and experience to understand
patients, their experiences, and their care
more holistically. Finally, in a sense of the
word that is broader than Flexner’s
concept, we see integration as learners
taking on the multiple professional roles
and commitments associated with being a
physician. Because physicians perform a
variety of roles, such as educator,
advocate, innovator, investigator, and
administrator, students and residents
should integrate those additional roles
into their professional aptitudes, goals,
identities, and educational experiences.
This includes developing the skills to
provide effective team care in a complex
health care system.


We envision an educational process that
more adequately represents the integrated
nature of physicians’ learning and work.
This means providing earlier opportunities
for students to spend time with patients
and families, physicians, and other health
care professionals in real clinical settings.
Such experiences can cultivate a rich
foundation on which students can build
formal knowledge, understand patient
experiences and the contributions of
different parts of the health care system,
and start to conceptualize the
multifaceted roles of physicians. Likewise,
more advanced learners need time away
from direct clinical responsibilities so
that they can engage substantially in
other physician activities, including
management of the delivery of health
care services, quality improvement
initiatives, community work, advocacy,
or activities within their professional
organizations, as their interests take
them. We make the following
recommendations related to integration:


• Connect formal knowledge to clinical
experience, including early clinical
immersion and adequate opportunities
for more advanced learners to reflect
and study.


• Integrate basic, clinical, and social
sciences.


• Engage learners at all levels with a more
comprehensive perspective on patients’
experience of illness and care, including
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more longitudinal connections with
patients.


• Provide opportunities for learners to
experience the broader professional
roles of physicians, including educator,
advocate, leader, and investigator.


• Incorporate interprofessional education
and teamwork in the curriculum.


Habits of inquiry and improvement


To promote excellence throughout a
lifetime of practice, physicians-in-


training should be engaged in inquiry,
discovery, and innovation. Insistence on
excellence involves developing the habits
of mind and heart that continually
advance the practice of medicine and the
health of the public.


Table 2
Contemporary Challenges and Recommendations Identified by the Carnegie
Foundation for the Advancement of Teaching in 2010*


The Carnegie Report of 2010


Theme Challenges Recommendations


Standardization and
individualization


● Medical education is: ● Standardize learning outcomes through assessment
of competencies


.......................................................................................................................................................................................................................................................
o Not outcomes based ● Individualize learning process, allow opportunity to


progress within and across levels when
competencies are achieved


.......................................................................................................................................................................................................................................................
o Inflexible ● Offer elective programs to support the


development of skills for inquiry and improvement............................................................................................................................
o Overly long


............................................................................................................................
o Not learner-centered


...................................................................................................................................................................................................................................................................................................................
Integration ● Poor connections between formal knowledge and


experiential learning
● Connect formal knowledge to clinical experience,


including early clinical immersion and adequate
opportunities for more advanced learners to reflect
and study


.......................................................................................................................................................................................................................................................
● Fragmented understanding of patient experience ● Integrate basic, clinical, and social sciences
.......................................................................................................................................................................................................................................................
● Poorly understood nonclinical and civic roles of physicians ● Engage learners at all levels with a more


comprehensive perspective on patients’ experience
of illness and care, including more longitudinal
connections with patients


.......................................................................................................................................................................................................................................................
● Inadequate attention to the skills required for effective


team care in a complex health care system
● Provide opportunities for learners to experience the


broader professional roles of physicians
..............................................................................................................
● Incorporate interprofessional education and


teamwork in the curriculum
...................................................................................................................................................................................................................................................................................................................
Habits of inquiry and
improvement


● Focused on mastering today’s skills and knowledge
without also promoting knowledge-building and an
enduring commitment to excellence


● Prepare learners to attain both routine and
adaptive forms of expertise


.......................................................................................................................................................................................................................................................
● Limited and often pro forma engagement in scientific


inquiry and improvement exercises
● Engage learners in challenging problems and allow


them to participate authentically in inquiry,
innovation, and improvement of care


.......................................................................................................................................................................................................................................................
● Inadequate attention to patient populations, health


promotion, and practice-based learning and improvement
● Engage learners in initiatives focused on population


health, quality improvement, and patient safety
.......................................................................................................................................................................................................................................................
● Insufficient opportunity to participate in the management


and improvement of the health care systems within which
they learn and work


● Locate clinical education in settings where quality
patient care is delivered, not just in university
teaching hospitals


...................................................................................................................................................................................................................................................................................................................
Identity formation ● Lack of clarity and focus on professional values ● Provide formal ethics instruction, storytelling, and


symbols (honor codes, pledges, and white coat
ceremonies)


.......................................................................................................................................................................................................................................................
● Failure to assess, acknowledge, and advance professional


behaviors
● Address the underlying messages expressed in the


hidden curriculum and strive to align the espoused
and enacted values of the clinical environment


.......................................................................................................................................................................................................................................................
● Inadequate expectations for progressively higher levels of


professional commitments
● Offer feedback, reflective opportunities, and


assessment on professionalism, in the context of
longitudinal mentoring and advising


.......................................................................................................................................................................................................................................................
● Erosion of professional values because of pace and


commercial nature of health care
● Promote relationships with faculty who


simultaneously support learners and hold them to
high standards


..............................................................................................................
● Create collaborative learning environments


committed to excellence and continuous
improvement


* Source: Cooke M, Irby DM, O’Brien BC. Educating Physicians: A Call for Reform of Medical School and
Residency. San Francisco, Calif: Jossey-Bass–Carnegie Foundation for the Advancement of Teaching. In press.
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Throughout the continuum of medical
education, students, residents, and
practicing clinicians need to devise and
implement changes that will increase the
effectiveness of practice and improve care
for their patients. We suggest that
training for inquiry and improvement
requires moving beyond routine expertise
to stretch the capabilities of the learner.
The key to preventing “tapering off” or
complacency in practice seems to be
investing the effort needed to explore and
address difficult or ambiguous problems.
Research suggests that the habits of mind
that foster inquiry and improvement
must be developed alongside the
development of routine expertise rather
than after it.12 Those who approach their
work with adaptability stretch their
knowledge even in routine situations.
The implications of this for curriculum
reform might be to explicitly teach about
adaptive expertise and its acquisition and
to challenge learners with new or
unfamiliar problems or circumstances
that require adaptation or reconfiguration
of prior knowledge and skills to develop
new strategies and solutions. An example
we saw frequently in our field work was
the participation of students and
residents in quality improvement
projects.


To develop habits of inquiry and
improvement, we recommend the
following:


• Prepare learners to attain both routine
and adaptive forms of expertise.


• Engage learners in challenging
problems, and allow them to
participate authentically in inquiry,
innovation, and improvement of care.


• Engage learners in initiatives focused
on population health, quality
improvement, and patient safety.


• Locate clinical education in settings
where quality patient care is delivered,
not just in university teaching hospitals.


Formation of professional identity


Medical education goes beyond learning
medicine; it is fundamentally about
becoming a dedicated physician.
Therefore, the professional identity
formation of physicians—meaning the
development of their professional values,
actions, and aspirations—should be a
major focus of medical education.
Formation of the professional identity of


the physician includes the integration of
our other three themes.


Formation, a term borrowed from our
colleagues in the study of clergy,7 involves
the process of becoming a professional
through expanding one’s knowledge,
understanding, and skillful performance;
through engagement with other members
of the profession, particularly more
experienced others; and by deepening
one’s commitment to the values and
dispositions of the profession into habits
of the mind and heart.


Arnold and Stern13 suggest that one’s
development as a medical professional
has two elements. The first is
demonstrating mastery in three
foundational areas— clinical knowledge
and competence in medicine,
communication skills, and understanding
the ethical and legal responsibilities of a
physician. In addition to these
foundational areas, there are aspirations:
goals that are striven for but never
achieved, as one can always improve.
These include excellence, humanism,
accountability, and altruism. We concur
with this conceptualization of medical
professionalism and suggest the following
for the advancement of professional
identity formation:


• Provide formal ethics instruction,
storytelling, and symbols (honor codes,
pledges, and white coat ceremonies).


• Address the underlying messages
expressed in the hidden curriculum and
strive to align the espoused and enacted
values of the clinical environment.


• Offer feedback on, reflective
opportunities for, and assessment of
professionalism, in the context of
longitudinal mentoring and advising.


• Promote relationships with faculty
members who simultaneously support
learners and hold them to high
standards.


• Create collaborative learning
environments committed to excellence
and continuous improvement.


Discussion


While physicians and learners of
medicine still require intelligence,
industry, compassion, integrity, and
fidelity as they did in Flexner’s day, and
while we argue that the themes of


individualization and standardization,
integration, habits of inquiry and
improvement, and professional
formation as a physician are continuous
from Flexner’s work to ours, sweeping
changes in the practice of medicine have
radically transformed what physicians
must know and be capable of doing
today. At the same time, insights from
the learning sciences help us recognize
that many features of contemporary
undergraduate and graduate medical
education do not support the development
of the capacities we desire and society
needs in our physicians. Some of these
features are themselves Flexnerian
legacies: for example, the 2 � 2 curricular
structure; others, such as the ever-
shortening periods of engagement
between learners and their patients and
between learners and their teachers, are
the consequence of post-Flexnerian
changes in the practice of medicine.


Achieving the changes we envision will
require the concerted and combined
efforts of faculty members in medical
schools and teaching hospitals, program
directors, department chairs, and deans
as well as leaders of medical professions
organizations and government. Each of
our recommendations necessitates, or at
a minimum would be facilitated by,
changes at the state or national level in
the financing, regulation, certification,
and accreditation of medical education.
For medical schools and residency
programs to successfully innovate, the
funders, regulators, and professional
organizations that control or influence
medical education must be actively
engaged in this reform effort.


We propose that medical education’s key
stakeholders take the following seven
major steps to advance U.S. medical
education and, ultimately, the health of
the public:


1. The AAMC and medical schools work
together to revise premedical course
requirements and admission criteria
and processes.


2. Accrediting, certifying, and licensing
bodies together develop a coherent
framework for the continuum of
medical education and establish
effective mechanisms to coordinate
standards and resolve jurisdictional
conflicts.


3. CEOs of teaching hospitals and
directors of residency programs align
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patient care and clinical education to
improve both and to develop
educational programs that are
consistent with practice requirements.


4. Deans of medical schools and CEOs of
teaching hospitals support the teaching
mission of the faculty by providing
financial support, mentoring, faculty
development, recognition, and
academic advancement.


5. Deans of medical schools and CEOs of
teaching hospitals collaboratively
make funding for medical education
transparent, fair, and aligned with the
missions of both medical schools and
teaching hospitals.


6. The AAMC, AMA, Accreditation
Council for Graduate Medical
Education (ACGME), medical
specialty societies, and medical schools
be advocates for sustained private,
federal, and state funding commitments
to support infrastructure, innovation,
and research in medical education.


7. The AAMC, AMA, ACGME, medical
specialty societies, and medical schools
collaborate on the development of a
medical workforce policy for the
United States. This effort should result
in a variety of interventions addressing
the cost of medical education, length
of training, and practice viability that
will ensure that the country has the
mix of specialty and subspecialty
physicians to meet the needs of the
population.


These action items, if implemented,
would stimulate educational innovation,
strengthen the preparation of physicians,
and advance the health of the public.


A Call to Transform Medical
Education


Given the decision 100 years ago of
the Carnegie Foundation for the
Advancement of Teaching to bring
Flexner’s fresh eyes to the enterprise of
North American medical education, and
given his commitment to advancing the
health of the public by insisting on the
best medical education the times had to
offer, we believe that Abraham Flexner
would welcome the foundation’s new
critique, undertaken in his spirit. In
particular, we hope that the publication
of the 2010 report11 will generate the
same excitement about educational
innovation and reform of undergraduate
and graduate medical education as the
Flexner Report did a century ago. But if
the report’s four themes (standardization
and individualization, integration,
insistence on excellence, and focus
on identity formation) and their
accompanying recommendations are to
be fulfilled, we must transform medical
education yet again. We invite our
colleagues to join us in creatively
envisioning and thoughtfully inventing
medical education anew.
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Medical schools have been engaged in curricular reform for 
over 20 years, although the 2010 release of the Carnegie 
Foundation’s Educating Physicians: A Call for Reform of Medical 
School and Residency1 galvanized the effort across the United 
States and Canada. The report’s authors suggested four key 
elements, which we describe below along with some examples 
of how they can be implemented.


I: Standardization of Learning Outcomes 
and Individualization of the Learning 
Process 


• Use competency-based progression versus
adherence to preestablished timelines. 


• Use regular, module-based, multiple-choice 
questions (MCQs), such as the customized 
exams available from the National Board 
of Medical Examiners (NBME), to ensure 
mastery of core basic science curriculum. 


• Use comprehensive, cumulative exams with 
MCQs, such as the NBME’s Comprehensive 
Basic Science Self-Assessment, for progress 
testing and comparison with prior curricula. 


• Use the Reporter-Interpreter-Manager-
Educator (RIME) framework as a criterion-
based structure to anchor clinical skills to 
benchmarks in data gathering and clinical 
reasoning.2


• Encourage students’ use of Concept Mapping3 as a means 
of individual expression and communication. 


• Tailor remedial activities to student needs. 
• Initiate clerkships within 12 to 18 months of matriculation and


tailor schedules and sequencing to student proficiency. 


II: Integration of Formal Knowledge and 
Clinical Experience 


• Consider a modular, organ-system approach 
to the preclerkship curriculum, with integrated 
clinical correlates (versus the traditional,
discipline-focused approach).


• Introduce clinical medicine on Day 1 or 2 of 
medical school and allow students to assume 
responsibility for select elements of patient 
care. 


– e.g., Participation in a community of 
practice4 as a RIME Reporter. 


– e.g., Biweekly visits with an 
amputee and his/her family during a 
musculoskeletal module. 


• Use spaced education 5 to reinforce basic 
sciences during clinical clerkships. 


• Weave in salient basic science threads during 
clerkships. 


• Use case- and problem-based learning and 
evidence-based medicine (EBM) techniques. 


III: Development of Habits of Inquiry and 
Innovation 


• Establish the foundation of scientific 
inquiry...encourage developing and asking of
critical questions. 


• Encourage student speculation regarding 
futuristic therapies, based on the most 
recent scientific advances.


• Allow students to develop and present 
results of a customized research project 
(e.g., a capstone project), accomplished 
under the auspices of a dedicated mentor. 
Projects can reflect student interests: 


–  Traditional bench research 
–  Clinical research 
–  Quality improvement/patient safety 


IV: Focus on Professional Identity Formation 
• Introduce situated learning and involve 


students in communities of practice.4


• Involve students in interdisciplinary education 
and team-based learning. 


• Encourage art in medicine and reflective 
writing. 


• Discuss humanism, medical ethics, and societal 
obligations.
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Research Report


Medical education in the United 
States needs a fundamental redesign,1 
yet disruptive innovation can be 
fraught with uncertainty.2 The authors 
of a recent seminal article on medical 
education, commissioned by the 
Carnegie Foundation to commemorate 
the centennial of the Flexner Report, 
suggested that “ossified curricular 
structures” and “archaic assessment 


practices” are challenges to institutions 
seeking to enact meaningful curricular 
reform.3 As medical schools undergo 
curricular revisions that break down 
the traditional 2 + 2 (two-year basic 
science, two-year clinical) paradigm, 
questions have arisen concerning the 
optimal timing for students to take Step 
1 of the United States Medical Licensing 
Examination (USMLE).


Historically, students have taken Step 
1 immediately following completion 
of their basic science curricula.4 The 
majority of U.S. allopathic medical 
schools require students to pass this 
examination before advancing to clinical 
training.5 A small but growing number 
of schools, however, have changed the 
timing of Step 1 to take place after 
students complete the core clerkships.6 
This change can facilitate earlier entry 
into clinical environments and allow for 
increased innovation surrounding health 
systems science and other nonbasic 
science curricula in the preclinical 
time frame. Furthermore, the change 
may promote longer-term retention 
of foundational concepts, by using a 


national standardized assessment (i.e., 
USMLE) to encourage integrated basic 
science learning in clinical contexts. 
Repositioning the Step 1 examination 
may also help promote the development 
of clinicians with stronger foundational 
knowledge by using the motivation of 
assessment to drive learning.6,7


Given the role Step 1 scores can play 
in determining residency placements, 
administrators, faculty, and students 
are hesitant to embrace a change in its 
timing in the curriculum in the absence 
of clear outcomes data. At a minimum, 
institutions contemplating a change 
in the placement of Step 1 within the 
curriculum would want to know that 
moving the examination after clerkships 
will not adversely affect their students’ 
performance (i.e., the change is, at a 
minimum, “noninferior” to placement 
before the clerkships). In a previous 
article, Daniel et al6 describe modest 
but promising gains in Step 1 scores 
when the examination is taken after 
core clerkships. The data, however, were 
reported in aggregate without controlling 
for potential confounders, such as 


Abstract


Purpose
Schools undergoing curricular reform are 
reconsidering the optimal timing of Step 
1. This study provides a psychometric 
investigation of the impact on United 
States Medical Licensing Examination 
Step 1 scores of changing the timing of 
Step 1 from after completion of the basic 
science curricula to after core clerkships.


Method
Data from four schools that recently 
moved the examination were analyzed in 
a pre–post format using examinee scores 
from three years before and after the 
change. The sample included scores from 
2008 through 2016. Several confounders 


were addressed, including rising national 
scores and potential differences in 
cohort abilities using deviation scores 
and analysis of covariance (ANCOVA) 
controlling for Medical College 
Admission Test (MCAT) scores. A 
resampling procedure compared study 
schools’ score changes versus similar 
schools’ in the same time period.


Results
The ANCOVA indicated postchange 
Step 1 scores were higher compared with 
prechange (adjusted difference = 2.67; 
95% confidence interval: 1.50–3.83, 
P < .001; effect size = 0.14) after 
adjusting for MCAT scores and rising 


national averages. The average score 
increase in study schools was larger than 
changes seen in similar schools. Failure 
rates also decreased from 2.87% (n = 48) 
pre change to 0.39% (n = 6) post change 
(P < .001).


Conclusions
Results suggest moving Step 1 after 
core clerkships yielded a small increase 
in scores and a reduction in failure 
rates. Although these small increases 
are unlikely to represent meaningful 
knowledge gains, this demonstration 
of “noninferiority” may allow schools 
to implement significant curricular 
reforms.
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nationally rising Step 1 scores. To date, 
a strong psychometric investigation into 
the effects of delaying Step 1 has not been 
conducted. The objective of this study 
was to determine the effect of changing 
the timing of Step 1 in the curriculum 
on Step 1 scores, using data from four 
schools that moved the examination after 
core clerkships.


Method


Sample


We examined the change in Step 1 scores 
at four Liaison Committee on Medical 
Education (LCME)-accredited schools 
cited by Daniel et al6 where students 
currently sit for USMLE Step 1 after 
core clerkships. These four schools were 
chosen because they had recently moved 


the exam and had an adequate number 
of years of data post change to evaluate. 
The other schools cited by Daniel et al6 
either moved the exam several years ago 
or did not yet have enough data post 
change to study. Data three years prior 
to and three years after changing the 
timing of Step 1 were examined for each 
school, with the exception of one school 
that changed the timing of Step 1 in 
2015, and thus only had two years of data 
post change (i.e., 2015 and 2016). The 
study sample included students within 
each school who took the test between 
2008 and 2016. Our aim was to establish 
a baseline of performance without 
exceeding a reasonable time frame for 
comparison. Table 1 details the curricular 
and assessment characteristics of these 
four schools.


Across all four schools, the sample of 
students who first attempted USMLE 
Step 1 within the three years prior to 
the curricular change contained 1,668 
examinees. The sample within the 
three years after the change contained 
1,529 examinees. These two groups of 
examinees had similar demographic 
characteristics with regard to age, gender, 
and self-reported ethnicity. Medical 
Science Training Program students 
(N = 209) were removed from the 
analysis because these students had taken 
Step 1 prior to clerkships.


Analyses


All analyses were conducted on Step 1 
scaled scores. Scaled scores are equated, 
a statistical process that maintains 
comparability of scores across time, 


Table 1
Curricular and Assessment Characteristics of Four Schools Included in a Study of the 
Effects of Moving the United States Medical Licensing Examination Step 1 From After 
Basic Science Curricula to After Core Clerkships


 School 1 School 2 School 3 School 4


Class size 120/year 172/year 100/year 170/year
Year Step 1 moved after 
clerkships


2013 2014 2015 2012


Length of preclerkship 
(foundational science) 
curriculum before change


76 weeks 75 weeks 76 weeks 80 weeks


Length of preclerkship 
(foundational science) 
curriculum after change


60 weeks 57 weeks 49 weeks 57 weeks


Details of the new preclerkship 
curriculum


 


•   Single pass •  Single pass •  Single pass •  Single pass


•  Normal taught 
simultaneously with 
abnormal


•  Normal taught  
simultaneously with 
abnormal


•  Normal taught 
simultaneously with 
abnormal


•  Normal taught 
simultaneously with 
abnormal


Details of the new preclerkship 
assessment structure


 


•  Pass / fail


•  Faculty developed


•  Essay and MCQ exams at 
the end of each module


•  No NBME exams


•  No cumulative exam


•  Honors / pass / fail


•  Faculty-developed MCQs 
supplement the NBME exams


•  Customized NBME exams 
used for each module, and 
on midterms and finals


•  No cumulative exam 


•  Pass / fail


•  Faculty developed


•  Essay, short answer and 
laboratory practical exams 
at the end of each course


•  Customized NBME exams 
used in each course


•  No cumulative exam


•  Pass / fail


•  Faculty-developed 
MCQ exams at the 
end of each module


•  No NBME exams


•  No cumulative exam


 


Details of new science 
integration in the clerkships


 


 


 


•  Two 1-week science 
intensives


•  Online basic and clinical 
integrated modules


•  One 4-week “selective” 
that integrates basic 
science and clinical 
medicine 


•  Spaced education


•  Distance learning


•  Small-group discussions


•  Journal clubs


•  1-week intensive science 
review


•  6 interspersed daylong 
science sessions


 


•  Clerkship-specific basic 
science and clinical 
medicine integration


 


Length of Step 1 study period 
pre move


6–8 weeks 6 weeksa 6 weeksa 6–7 weeks


Length of Step 1 study period 
post move


5–6 weeksa 6 weeksa 6 weeksa 8 weeksa


 Abbreviations: Step 1 indicates United States Medical Licensing Examination Step 1; MCQ, multiple-choice 
question; NBME, National Board of Medical Examiners.


 aMore if vacation time is used.
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allowing scores to be meaningfully 
aggregated across years. Prior to 
conducting statistical analyses examining 
pre–post differences, we addressed several 
potential confounding factors to better 
isolate the impact of changing the timing 
of Step 1, and to aid interpretation of 
the results. Specifically, we accounted 
for rising Step 1 scores nationally, 
adjusted for different initial years of 
implementation, and controlled for 
potential differences in cohort ability. We 
also sought to understand how the scores 
of examinees in our sample compared 
with students’ scores at similar schools in 
the same time periods. Here we describe 
in detail how each of these issues was 
addressed.


Rising Step 1 scores nationally. Across 
the time frame of this study, scores on 
Step 1 increased nationally (Supplemental 
Digital Appendix 1, available at http://
links.lww.com/ACADMED/A600). The 
equating process helps ensure that this 
increase reflects an increase in examinee 
ability across time. However, as noted 
by Daniel et al,6 this increase in ability 
presents a confounding factor, as it would 
potentially inflate comparisons of Step 
1 scores if this generic increase were 
conflated with gains related to changing 
the timing of Step 1 in the curriculum. 
To isolate ability increases resulting from 
the timing change as best as possible, we 
first computed the deviation between 
each school’s average Step 1 score and 
the national average for each year. For 
this adjustment, the national average 
was computed as the mean performance 
for first-time Step 1 test takers from 
U.S. and Canadian medical schools 
within the given year, excluding the four 
study schools. This process accounts 
for the average gain seen across U.S. 
and Canadian schools when comparing 
scores across time by setting the average 
year-to-year growth of these schools to 
zero. For example, if a cohort from one 
of the study schools performed four 
points higher than the previous cohort, 
but the national average also increased 
by four points during the same time, 
the change in deviations would equal 
zero. Therefore, a positive increase in the 
deviation score indicates that the school’s 
scores improved at a greater rate than 
the national average and would provide 
evidence that the Step 1 timing change 
could have had a greater impact on scores 
than the typical year-to-year changes 
occurring across schools.


Different initial years of 
implementation. After computing 
deviation scores for the study schools 
within each available year, the data were 
aggregated across the four schools by 
cohort relative to the exam timing change 
(three years prior, two years prior, etc.) 
because schools implemented the change 
during different years. This allowed the 
data from different schools to be pooled 
together in a meaningful manner despite 
the different implementation years. Step 
1 scale scores for the studied years were 
equated and thus could be compared 
across time.


Potential differences in cohort ability. 
In addition to controlling for steadily 
increasing national scores on Step 1, 
this study used incoming individual 
student Medical College Admission Test 
(MCAT) scores as a covariate to control 
for potential differences among the initial 
test-taking ability of each cohort involved 
in this study. For this, we used analysis 
of covariance (ANCOVA) with deviation 
scores as the dependent variable and 
pre–post change as the independent 
factor. The ANCOVA helped ensure that 
potential differences we would attribute 
to the curricular change were not arising 
from an increase in the initial ability of 
students admitted to these schools over 
time. For instance, if the cohorts after 
the curricular change had happened to 
have higher initial ability, as measured 
by MCAT scores, we may have falsely 
attributed a difference in Step 1 scores 
to the curricular change rather than the 
disparity of cohort ability. In essence, 
the ANCOVA creates a level baseline for 
comparison in terms of initial knowledge.


Comparison with similar schools. 
Another comparison of interest was how 
scores increased in the study schools 
compared with similar schools in the 
same time periods. To address this 
question, we employed a resampling 
procedure to create a distribution of 
change score from similar schools 
that were not included in the study 
group. This process involved randomly 
matching each of the four examinee 
cohorts used in our study schools to an 
LCME-accredited school from a subset 
of schools with similar incoming MCAT 
scores during the year of the Step 1 timing 
change and deriving the average gain 
score estimate that aligned with the one 
computed in this study (see Supplemental 
Digital Appendix 2 at http://links.lww.


com/ACADMED/A600 for additional 
description of the procedure). This 
process was replicated with replacement 
200,000 times to construct a distribution 
of gain scores for various combinations 
of the matched schools from the subset 
of schools with similar MCAT scores. 
This distribution can be used to make 
statements regarding the likelihood that 
we would observe a particular increase 
from any random assortment of four 
other schools with similar MCAT scores 
had they been sampled from the same 
period as the cohorts in our study. All data 
analyses in this study were conducted via 
R 3.4.0 (R Foundation, Vienna, Austria).


Results


Step 1 descriptive statistics are 
presented in Table 2. In the first year of 
implementation, Step 1 scores increased 
by an average of 6.83 scaled score 
points compared with the year prior 
to implementation, a similar value to 
the estimate provided by Daniel et al.6 
However, as this metric of growth is 
confounded with the general trend of 
increasing Step 1 scores nationally, it is 
more appropriate to interpret growth 
relative to the difference from the 
national average. This adjusted metric 
indicates that Step 1 scores increased 
by 4.09 scale score points relative to the 
national average for the first cohort after 
implementation, and by an average of 
2.78 score points when comparing the 
three years pre change to the three years 
post change.


Table 2 shows that Step 1 failure rates in 
the study schools decreased from 2.71% 
(n = 15) to 0.74% (n = 4) for the first 
cohort implementation. The average fail 
rate decreased from 2.87% (n = 48) pre 
change to 0.39% (n = 6) post change. 
Fisher exact test indicates that the decrease 
of 2.48% was statistically significant (P < 
.001).8 The 95% confidence interval (CI) 
for the difference between fail rates using 
Newcombe’s9 recommended method was 
−3.43% to −1.65%.


Figure 1 displays the mean difference from 
the national average by cohort, along with 
the 95% CI for each mean. The figure 
shows that the score increase between 
the cohort prior to the change and the 
cohort immediately after is considerable, 
with no overlap among the error bars.10 
The study schools were trending toward 
the national average in each of the two 



http://links.lww.com/ACADMED/A600
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cohorts prior to the change in Step 1 
timing. The subsequent two cohorts after 
implementation of the change showed 
an increase in scores after accounting for 
national averages, before a slight regression 
back toward the national average for the 
third cohort after implementation.


Results of the ANCOVA, including 
all six years of data, showed that after 
controlling for MCAT scores, students 


in the cohorts following the timing 
change (adjusted mean = 7.89, standard 
error = 0.41) performed significantly 
better on Step 1 relative to the national 
average than students in the cohorts prior 
to the change (adjusted mean = 5.23, 
standard error = 0.43) by an average 
of 2.66 points (95% CI: 1.50–3.83; 
F


(1,3116)
 = 20.10, P < .001). Computing a 


standardized mean difference effect size 
from the covariate adjusted data11 yielded 


an effect size of 0.14. This value indicates 
that the postchange group scored 0.14 
standard deviations above the prechange 
group after accounting for differences 
in MCAT scores, and represents a 
small-to-negligible effect according to 
conventional guidelines.12


Figure 2 shows the density distribution 
created by 200,000 replications in our 
resampling procedure. The average score 
gain was 0.88, with a standard deviation 
of 1.58. The distribution appears rather 
normally distributed, with perhaps 
a slight positive skew toward more 
extreme increases in Step 1 scores. Across 
our randomly drawn samples of four 
schools, 99.92% (n = 199,845) fell below 
the average gain for the study schools. 
In other words, only about 8 in every 
10,000 sampled sets of schools had an 
average score gain of 6.83 or above in our 
resampling procedure.


Discussion


The primary reasons for moving Step 
1 included facilitating earlier entry 
into clinical environments, promoting 
integrated basic science learning 
in clinical contexts, and enhancing 


Table 2
Descriptive Statistics, Aggregated Across Four Study Schools, Relative to 
Implementation of a Curricular Change to Administer the United States Medical 
Licensing Examination Step 1 After Core Clerkships


Cohort relative to  
implementationa


No. of 
students


Step 1 score, 
mean (SD)


Mean difference 
from national 


average, (SD 
difference score) Fail rate


−3 548 230.09 (20.94) 6.38 (20.84) 3.83%
−2 566 229.75 (19.79) 5.08 (20.04) 2.12%


−1 554 230.03 (19.71) 3.61 (20.25) 2.71%


1 538 236.86 (17.44) 7.70 (17.63) 0.74%


2 536 238.36 (17.09) 8.89 (17.09) 0.19%


3 455 236.25 (17.00) 6.64 (16.95) 0.22%


 aThe −3 cohort represents three years prior to exam timing requirement change, −2 represents two years prior, 
and so forth. Cohorts took the Step 1 exam between 2008 and 2016.


Figure 1 Mean difference from the national average United States Medical Licensing Examination Step 1 score by cohort, along with the 95% confidence 
interval for each mean. Step 1 scores from four schools that changed the timing of Step 1 from after basic science curricula to after core clerkships were 
included. For each cohort, scores were examined three years pre change and three years post change. Scores from 2008 to 2016 were used.
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foundational science retention. We were 
optimistic that, at a minimum, delaying 
Step 1 would not negatively impact scores, 
particularly as the USMLE program has 
moved to incorporate more clinically 
oriented vignettes on Step 1.13 The results 
of our analyses indicated a small but 
statistically significant increase in scores 
for cohorts after the timing change when 
controlling for rising national averages 
and differences in cohorts’ MCAT scores. 
The degree of this increase was larger than 
typically seen among schools with similar 
MCAT scores in the same time period. 
We also observed a statistically significant 
decrease in failure rates after the timing 
change.


Medical schools want their students 
to become licensed physicians, so any 
reduction in Step 1 failure rates would be 
embraced by learners and institutions. 
The manner in which a Step 1 failure 
could be detrimental to a student’s 
residency match success is another 
reason that reduction in Step 1 failure 
rates would be desirable. Given the 
small number of overall failures in our 
intervention schools, this trend, although 
promising, is not large enough to draw 
conclusions.


In terms of score increases, although 
the aggregate increase of 6.83 was 
statistically significant, the magnitude 
of gain was small relative to the Step 1 


score scale, and may be negligible at the 
individual level. For example, the 6.83 
value falls slightly above the standard 
error of measurement of Step 1 scores 
(5 score points) and within the standard 
error of the difference (8 score points).14 
Therefore, we caution against interpreting 
these changes as educationally 
meaningful, as small changes in scale 
scores are unlikely to represent important 
differences in foundational knowledge or 
ability to deliver clinical care.


Notably, we were able to demonstrate 
“noninferiority” for the change in Step 1 
timing (i.e., the change in Step 1 timing 
is not worse than the comparator of 
Step 1 pre clerkships). For institutions 
undergoing curricular reform, trying to 
diverge from the traditional 2 + 2 model, 
this finding could provide guidance for 
both faculty and administrators. The 
four institutions in this study, on average, 
shortened their preclerkship basic science 
curricula by 21 weeks without observing 
degradation in Step 1 scores. Given the 
increased emphasis on early clinical 
exposure,15,16 meaningful learning from 
patients in clinical contexts,17 and vertical 
integration,18 this noninferiority finding 
may be considered critically important.


Limitations


Some important limitations of this 
study must be considered. The change 
in Step 1 timing may be difficult to 


disentangle from other curricular changes 
implemented during this time frame, 
including the potential for different 
emphasis placed on Step 1 preparation 
at the selected schools. These factors 
could have potentially influenced learner 
scores. Notably, these institutions all 
made curricular revisions that increased 
emphasis on basic science-related content 
during the core clerkships, and one 
school increased the time allotted for Step 
1 preparation (Table 1). We would not 
recommend changing the timing of the 
exam without making other structural 
changes to curricula to reinforce 
basic science learning. Nor would we 
recommend changing the timing of 
Step 1 in curricula that maintain the 
traditional 2 + 2 structure, as this could 
place the examination too close to the 
submission of residency applications, 
and perhaps delay an institution’s ability 
to determine a student’s potential to be 
successfully licensed.


Other factors may have influenced 
examinee scores. Figure 1 shows a slight 
decrease relative to the national average 
in the third cohort after implementation. 
This may represent typical year-to-year 
variation, or it may indicate a trend 
back toward typical performance. As 
mentioned, the implementation of a 
curricular change may have consciously 
or subconsciously increased attention, 
resources, and effort on Step 1 
preparation by faculty and/or students, 
producing higher scores initially. If the 
novelty of the change wears off, scores 
might regress back to typical levels.


Of note, three of the four schools 
examined in this study tended to score 
historically above average relative to 
other schools’ Step 1 scores, with lower 
overall fail rates. They also share other 
characteristics that may not generalize 
well to the total population of LCME-
accredited medical schools. Thus, we 
are limited in our ability to make claims 
regarding the generalizability of a Step 
1 timing change, particularly regarding 
how it would impact schools that tend to 
have lower Step 1 scores, as also discussed 
in Daniel et al.6


Conclusions and future directions


Among the schools studied, our analyses 
provide evidence that a change in the 
timing of Step 1 in the curriculum 
did not negatively affect performance, 
supporting the goal of noninferiority 


Figure 2 Density distribution of United States Medical Licensing Examination Step 1 score 
changes from a resampling procedure using 200,000 replications. Cohorts taking Step 1 at four 
study schools after the timing of Step 1 was changed from after basic science curricula to after 
core clerkships were randomly matched to a Liaison Committee on Medical Education–accredited 
school from a subset of similar schools. See Supplemental Digital Appendix 2 at http://links.lww.
com/ACADMED/A600 for additional description of the resampling procedure.
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put forth by Daniel et al.6 This result 
may encourage other institutions to 
consider similar curricular innovations 
that integrate the scientific principles 
necessary for the practice of medicine 
with students’ relevant clinical 
training. The schools in this study have 
demonstrated that preparing students 
for a required licensure exam is not 
a hindrance to curricular reform and 
medical education innovation. The 
findings also highlight several areas for 
further study.


Further research is needed to evaluate 
other criteria put forth as potential benefits 
of delaying Step 1, including increased 
retention of basic science concepts later in 
students’ academic careers. Prior studies by 
the National Board of Medical Examiners 
(NBME) have shown that retention of 
basic science information typically declines 
over time.19,20 A physician workforce with 
knowledge of basic sciences is vital to 
advance health care in the 21st century, 
and our current state of frontloading basic 
science content without spaced integration 
and reinforcement is ineffective. Future 
studies may investigate basic science 
retention by examining performance on 
basic science items on the USMLE Step 
2 Clinical Knowledge (CK) and Step 3 
exams.


Future investigations may also wish to 
evaluate the impact of curricular change 
and USMLE timing on student wellness 
and burnout. Students matriculate 
in medical school with lower rates of 
burnout and depression and better 
quality-of-life indicators than the general 
population, yet they have worse measures 
in the end.21,22 We are interested in 
exploring the effects of altering the timing 
of USMLE Step 1 on student stress levels.


There may be other important 
consequences associated with a change 
in Step 1 timing. For example, the 
later timing of Step 1 may impair 
early identification of learners who 
struggle on Step 1. Learners who have 
not consolidated their basic science 
knowledge may experience challenges 
with clerkship knowledge acquisition and 
performance on NBME clinical subject 
“shelf” exams. Step 2 CK scores may 
also be affected, as most students will be 
farther removed from the core clerkships 
when they take the exam, although the 
recency of reviewing for Step 1 may 
balance this effect.


In sum, USMLE Step 1 scores showed 
small but statistically significant increases, 
and the failure rates significantly 
decreased at our study schools. Given 
the standard error of Step 1 scores, 
these findings may not be educationally 
meaningful; however, we are gaining 
confidence that moving Step 1 after core 
clerkships is noninferior to taking the 
examination pre clerkships, a liberating 
finding for educators at peer institutions 
looking to implement curricular reform.


Acknowledgments: The authors wish to thank 
Colleen Ward for her instrumental contributions 
throughout the planning and development of this 
manuscript.


Funding/Support: The University of Michigan 
School of Medicine, Vanderbilt School of 
Medicine, and New York University School of 
Medicine have Accelerating Change in Medical 
Education grants from the American Medical 
Association. Virginia Commonwealth University 
School of Medicine receives funding from the 
American Medical Association for S.A. Santen’s 
consulting on the Accelerating Change in Medical 
Education grant.


Other disclosures: D. Jurich, M. Paniagua, and 
M.A. Barone work for the National Board 
of Medical Examiners, the organization that 
administers the United States Medical Licensing 
Examination Step 1 examined in this study.


Ethical approval: This study was reviewed and 
determined to be exempt by the American 
Institutes for Research (project number EX00398; 
June 27, 2016).


Disclaimer: The views expressed are those of 
the authors and do not reflect the official policy 
or position of their universities, the National 
Board of Medical Examiners, the Department 
of Defense, the United States Air Force, or the 
United States Government.


D. Jurich is senior psychometrician, National Board 
of Medical Examiners, Philadelphia, Pennsylvania.


M. Daniel is assistant dean for curriculum and 
associate professor, Departments of Emergency 
Medicine and Learning Health Sciences, University 
of Michigan Medical School, Ann Arbor, Michigan; 
ORCID: http://orcid.org/0000-0001-8961-7119.


M. Paniagua is medical advisor, Test Development 
Services, National Board of Medical Examiners, and 
adjunct associate professor, Perelman School of 
Medicine, University of Pennsylvania, Philadelphia, 
Pennsylvania.


A. Fleming is associate dean for medical student 
affairs and associate professor of pediatrics, Vanderbilt 
University School of Medicine, Nashville, Tennessee.


V. Harnik is associate dean for curriculum and 
associate professor, Department of Cell Biology, 
New York University School of Medicine, New York, 
New York.


A. Pock is associate dean for curriculum and 
associate professor of medicine, Uniformed Services 
University of the Health Sciences, Bethesda, Maryland.


A. Swan-Sein is director, Center for Education 
Research and Evaluation, and assistant professor of 
educational assessment, Columbia University Vagelos 
College of Physicians and Surgeons, New York, New 
York.


M.A. Barone is vice president of licensure, 
National Board of Medical Examiners, Philadelphia, 
Pennsylvania.


S.A. Santen is senior associate dean of 
evaluation, assessment and scholarship of learning, 
and professor of emergency medicine, Virginia 
Commonwealth University School of Medicine, 
Richmond, Virginia, and was previously assistant 
dean for educational research and quality 
improvement, University of Michigan Medical School, 
Ann Arbor, Michigan.


References
 1 Irby DM, Cooke M, O’Brien BC. Calls 


for reform of medical education by the 
Carnegie Foundation for the Advancement 
of Teaching: 1910 and 2010. Acad Med. 
2010;85:220–227.


 2 Christensen CM, Bohmer R, Kenagy J. Will 
disruptive innovations cure health care? Harv 
Bus Rev. 2000;78:102–112, 199.


 3 Cooke M, Irby DM, Sullivan W, Ludmerer 
KM. American medical education 100 years 
after the Flexner report. N Engl J Med. 
2006;355:1339–1344.


 4 Association of American Medical Colleges. 
Time in the curriculum in which medical 
schools require students to take United 
States Medical Licensing Examinations 
(USMLE): USMLE Step 1. https://www.
aamc.org/initiatives/cir/406430/10c.html. 
Published 2017. Accessed August 31, 2018.


 5 Association of American Medical Colleges. 
Number of medical schools requiring 
the United States Licensing Examination 
(USMLE) for advancement / promotion. 
https://www.aamc.org/initiatives/
cir/406442/10b.html. Published 2017. 
Accessed August 31, 2018.


 6 Daniel M, Fleming A, Grochowski CO, et 
al. Why not wait? Eight institutions share 
their experiences moving United States 
Medical Licensing Examination Step 1 
after core clinical clerkships. Acad Med. 
2017;92:1515–1524.


 7 Boshuizen H, Schmidt H, Coughlin L. 
On the application of medical basic 
science knowledge in clinical reasoning: 
Implications for structural knowledge 
differences between experts and novices. In: 
Program of the Tenth Annual Conference of 
the Cognitive Science Society: 17–19 August 
1988, Montreal, Quebec, Canada. Wheat 
Ridge, CO: Cognitive Science Society; 
1988:517–523.


 8 Fisher R. On the interpretation of χ2 from 
contingency tables, and the calculation of P. 
J Royal Stat Soc. 1922;85(1):87–94.


 9 Newcombe RG. Two-sided confidence 
intervals for the single proportion: 
Comparison of seven methods. Stat Med. 
1998;17:857–872.


 10 Cumming G, Finch S. Inference by eye: 
Confidence intervals and how to read 
pictures of data. Am Psychol. 2005;60: 
170–180.


 11 Olejnik S, Algina J. Generalized eta and 
omega squared statistics: Measures of effect 



http://orcid.org/0000-0001-8961-7119

https://www.aamc.org/initiatives/cir/406430/10c.html

https://www.aamc.org/initiatives/cir/406430/10c.html

https://www.aamc.org/initiatives/cir/406442/10b.html

https://www.aamc.org/initiatives/cir/406442/10b.html





Research Report


Academic Medicine, Vol. 94, No. 3 / March 2019 377


size for some common research designs. 
Psychol Methods. 2003;8:434–447.


 12 Cohen J. Statistical power analysis. Curr Dir 
Psychol Sci. 1992;1(3):98–101.


 13 Committee to Evaluate the USMLE Program 
(CEUP). Comprehensive review of USMLE. 
http://www.usmle.org/pdfs/cru/CEUP-
Summary-Report-June2008.pdf. Published 
2008. Accessed August 31, 2018.


 14 Federation of State Medical Boards and 
National Board of Medical Examiners. 
USMLE score interpretation guidelines. http://
www.usmle.org/pdfs/transcripts/USMLE_
Step_Examination_Score_Interpretation_
Guidelines.pdf. Published 2017. Updated May 
9, 2018. Accessed August 31, 2018.


 15 Dornan T, Bundy C. What can experience 
add to early medical education? Consensus 
survey. BMJ. 2004;329:834.


 16 Dornan T, Littlewood S, Margolis SA, 
Scherpbier A, Spencer J, Ypinazar V. How 
can experience in clinical and community 
settings contribute to early medical 
education? A BEME systematic review. Med 
Teach. 2006;28:3–18.


 17 Lisk K, Agur AM, Woods NN. Exploring 
cognitive integration of basic science and 
its effect on diagnostic reasoning in novices. 
Perspect Med Educ. 2016;5:147–153.


 18 Brauer DG, Ferguson KJ. The integrated 
curriculum in medical education: AMEE 
guide no. 96. Med Teach. 2015;37:312–322.


 19 Swanson DB, Case SM, Luecht RM, Dillon 
GF. Retention of basic science information 
by fourth-year medical students. Acad Med. 
1996;71(10 suppl):S80–S82.


 20 Ling Y, Swanson DB, Holtzman K, Bucak 
SD. Retention of basic science information 
by senior medical students. Acad Med. 
2008;83(10 suppl):S82–S85.


 21 Dyrbye LN, West CP, Satele D, et al. Burnout 
among U.S. medical students, residents, and 
early career physicians relative to the general 
U.S. population. Acad Med. 2014;89:443–451.


 22 Brazeau CM, Shanafelt T, Satele D, Sloan J, 
Dyrbye LN. Distress among matriculating 
medical students relative to the general 
population. Acad Med. 2014;89:1520–1525.



http://www.usmle.org/pdfs/cru/CEUP-Summary-Report-June2008.pdf

http://www.usmle.org/pdfs/cru/CEUP-Summary-Report-June2008.pdf

http://www.usmle.org/pdfs/transcripts/USMLE_Step_Examination_Score_Interpretation_Guidelines.pdf

http://www.usmle.org/pdfs/transcripts/USMLE_Step_Examination_Score_Interpretation_Guidelines.pdf

http://www.usmle.org/pdfs/transcripts/USMLE_Step_Examination_Score_Interpretation_Guidelines.pdf

http://www.usmle.org/pdfs/transcripts/USMLE_Step_Examination_Score_Interpretation_Guidelines.pdf





Academic Medicine, Vol. 94, No. 6 / June 2019 775


Perspective


Historically, students have taken United 
States Medical Licensing Examination 
(USMLE) Step 1 before starting their 
clerkships. An increasing number of 
medical schools have changed the timing 
of the USMLE Step 1 exam to the period 
immediately after the core clerkships 
(Table 1). This change has typically been 
made in association with other curricular and 
assessment revisions that include shortening 
the preclerkship phase and the deliberate 
integration of clinical, basic, and health system 
sciences from day one of medical school.1


Context


In two prior articles, we detailed our 
reasons for postponing the Step 1 exam  


at our home institutions. In brief, 
by doing so we aimed to foster the 
integration of the basic and clinical 
sciences, in part by leveraging a major 
national assessment to drive study 
behaviors during clerkships; prepare 
learners for the increasingly clinical 
focus of Step 1; facilitate earlier entry 
into clinical environments; and allow 
room for other curricular innovations 
in the preclerkship time period to 
support the triple aim of quality health 
care (improving the patient experience, 
improving the health of populations, 
and lowering the cost of care).1,2 When 
altering the timing of Step 1, our schools 
all significantly shortened preclerkship 
curricula, added more health systems 
science content, and transitioned to more 
integrated organ system blocks following 
the strategic priorities set out in recent 
major medical education reports.3,4 The 
details of these curricular and assessment 
changes can be found in Table 2.


A recent study demonstrated small but 
statistically significant increases in Step 
1 scores at four schools (an average of 
2.78 scaled score points after accounting 
for rising national Step 1 scores) and 
decreased first-time failure rates (a 
2.48% reduction) when the Step 1 exam 
was positioned after core clerkships.2 


This study provides early evidence that 
delaying the timing of Step 1 does not 
negatively affect USMLE scores, and 
suggests that there may be other desired 
outcomes. We previously argued that 
postponing the timing of Step 1 may 
provide certain pedagogical advantages1; 
however, there are also some potential 
challenges and unintended consequences 
that need to be anticipated and 
proactively addressed. In this article, we 
share our experiences as key educational 
leaders from five schools—Columbia 
Vagelos College of Physicians and 
Surgeons, University of Michigan 
School of Medicine, NYU School of 
Medicine, Uniformed Services University 
of the Health Sciences (USUHS), 
and Vanderbilt University School of 
Medicine—that have repositioned Step 
1 after the core clerkships and offer 
strategies for mitigating six challenges 
associated with this shift. These are 
student preparedness for the clerkships—
particularly without the Step 1–mediated 
consolidation and review of the basic 
sciences; the risk that weaker students will 
not be identified and provided with early, 
interventional academic support; the risk 
of decreased performance on clerkship 
or clinical shelf exams; extension of Step 1 
study time; the potential for increased 
student anxiety about residency choices 
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Abstract


An increasing number of medical schools 
have moved away from traditional 2 + 2 
curricular structures toward curricula 
that intentionally integrate basic, clinical, 
and health systems science, with the 
goal of graduating physicians who 
consistently apply their foundational 
knowledge to clinical practice to improve 
the care of patients and populations. 
These curricular reforms often include a 
shortened preclerkship phase with earlier 
introduction of learners into clinical 
environments. This has led schools to 
reconsider the optimal timing of United 
States Medical Licensing Examination 


Step 1. A number of schools have shifted 
the exam to the period immediately after 
core clerkships. Although this shift can 
provide pedagogical advantages, there 
are potential challenges that must be 
anticipated and proactively addressed. 
As more institutions consider making 
this change, key educational leaders 
from five schools that repositioned the 
Step 1 exam after core clerkships share 
strategies for mitigating some of the 
potential challenges associated with 
this approach. The authors describe six 
possible challenges: lack of readiness 
without consolidation of basic science 


knowledge prior to clerkships; risk that 
weaker students will not be identified 
and provided academic support 
early; clerkship or clinical shelf exam 
performance weaknesses; extension of 
Step 1 study time; an increase in student 
anxiety about residency specialty choices; 
and/or a reduced time frame to take 
and pass board exams. These potential 
challenges may be addressed using three 
main strategies: effective communication 
with all stakeholders; curricular design 
and assessments that facilitate integration 
of basic and clinical sciences; and 
proactive student coaching and advising.
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and opportunities; and a reduced time 
frame to take and pass licensing exams.


Challenges and Approaches


Concern that students will not be 
sufficiently prepared for clinical 
clerkships without the benefit of the 
Step 1 study period to help consolidate 
knowledge


The challenge. Studying for the Step 1 
exam requires students to revisit basic 
science concepts and facilitates the 
integration of basic and clinical sciences. 
In a traditional 2 + 2 curriculum where 
the first year covers normal processes and 
the second year focuses on the abnormal, 
this study period has been an important 
opportunity for students to integrate the 
two years of material. Moving the exam, 
and therefore the study period, to follow the 
clerkships can be a source of concern for 
faculty who worry that students will arrive 
to the clerkships less prepared to apply their 
fund of knowledge to clinical care.


An approach. In addition to 
repositioning the Step 1 exam, all 
of our schools instituted curricular 


modifications aimed at fostering more 
deliberate integration of basic and 
clinical sciences, including the concurrent 
presentation of normal and abnormal 
processes in the preclerkship phase. 
We believe that this allows students to 
apply their emerging knowledge of basic 
science to patient care earlier and more 
consistently5 and may reduce reliance 
on the traditional preclerkship Step 1 
study period for this form of knowledge 
consolidation and integration. Our 
revised curricula also focused more on 
pedagogies that foster deep, enduring 
learning, including team-, case-, 
and problem-based methods. These 
pedagogies encourage students to take 
time to think, learn, and apply knowledge 
rather than emphasizing the recall of 
facts. Time to thoughtfully analyze 
problems is not always immediately 
available in the midst of a busy clinic 
or on ward rounds. Thus, students may 
experience a steeper initial adjustment 
period to the on-the-spot questions 
typically encountered on clerkships 
that focus on rapid recall. Proactive, 
clear, and consistent communication 
explaining both the new curriculum and 
the rationale for altering the timing of 


Step 1 is key to addressing the concerns 
of frontline faculty and students about 
preparedness. Any innovation that 
disrupts the informal student-to-student 
and resident-to-student grapevine 
can increase student anxiety. Thus, 
communicating the change to senior 
students and residents is also critical 
because they are trusted sources of 
information for junior learners. The most 
intense communication should occur 
surrounding the transition, and then 
continue as part of onboarding as new 
residents and faculty arrive each year 
from other institutions.


A risk that weaker students will not 
be identified and provided academic 
support early in the medical school 
trajectory


The challenge. The Step 1 exam has 
traditionally been used as a gateway 
exam, with students not permitted to 
advance to clerkships until they have 
taken and passed it. Students who had 
difficulty in preparing and/or sitting for 
the exam were identified and provided 
with extra support. By moving Step 1 after 
clerkships, there is concern that students 
with weaker medical knowledge might 
escape early detection and therefore may 
be at risk of failing shelf exams or Step 1  
at a later time. Delayed identification 
of academic insufficiency could lead to 
a student’s decision to withdraw from 
medical school at a later stage of the 
medical training program, resulting in 
elevation of incurred financial cost.


An approach. An institution’s internal 
assessment measures are a useful means 
to identify students struggling to meet 
institutional competencies; however, they 
only partially align with a comprehensive 
external exam such as USMLE Step 1.  
The National Board of Medical 
Examiners’ (NBME’s) Comprehensive 
Basic Science Self-Assessment (CBSSA) 
or Comprehensive Basic Science Exam 
(CBSE) can be useful adjuncts to help 
identify and provide early support 
to students who might struggle on 
future NBME exams. The University of 
Michigan, for example, uses a passing 
threshold score of 50 for a CBSE 
administered just prior to clerkships, 
as this appears to correlate with future 
shelf exam failures. Learners who do 
not meet the threshold are required to 
meet with a learning specialist, develop 
a study plan, and take the CBSE again 


Table 1
List of Medical Schools That Have Moved the USMLE Step 1 Examination to After 
Core Clerkships as of 2018


Medical school Year moveda


Duke University School of Medicine 1992
Perelman School of Medicine at the University of Pennsylvania 2000


Baylor College of Medicine 2004


Columbia Vagelos College of Physicians and Surgeons 2013


NYU School of Medicine 2013


Uniformed Services University of the Health Sciences 2014


Vanderbilt University School of Medicine 2015


Florida International University Herbert Wertheim College of Medicine 2016


Western Michigan University Homer Stryker M.D. School of Medicine 2016


Frank H. Netter M.D. School of Medicine at Quinnipiac Universityb 2017


Harvard Medical School 2017


Weill Cornell Medical Collegec 2017


Dell Medical School at the University of Texas at Austin 2018


Stony Brook University School of Medicined 2018


University of Michigan Medical School 2018


Yale School of Medicine 2018


Pennsylvania State University College of Medicine 2019


University of Wisconsin School of Medicine and Public Health 2019


  Abbreviation: USMLE indicates United States Medical Licensing Examination.
 aAcademic year that the shift was made.
 bMade Step 1 a rotating clerkship block.
 cMade the timing of the exam up to the students: one-third of class in 2018 took it post clerkship.
 d100% of class planned for 2019.
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midway through clerkships. Michigan is 
now experimenting with using the CBSE 
as a progress test so that students can be 
made aware of their individual learning 
trajectories and struggling students can 
be identified and assisted earlier.6 Use of 
institutional progress tests or cumulative 
exams can also help avoid situations in 
which students might develop an illusion 


of competence,7 becoming overconfident 
in thinking that their performance 
on each medical school basic science 
exam is a stable representation of 
their fund of knowledge in that topic.8 
Once the new curricula and associated 
internal assessment measures are more 
established, institutions can reassess the 
need to use external exams such as the 


CBSE or CBSSA to help predict shelf 
exam and Step 1 performance.


NBME clinical shelf exam performance 
may decrease


The challenge. All five of our institutions 
have noted some shelf score performance 
decreases, particularly in the earliest 
clerkships and in those with the greatest 


Table 2
New Curricular and Assessment Characteristics of Five Schools Where the USMLE 
Step 1 Examination Has Been Moved to After Core Clerkshipsa


Characteristic School 1 School 2 School 3 School 4 School 5


Class size 120/year 172/year 100/year 140/year 170/year
Length of preclerkship 
curriculum


60 weeks 57 weeks 49 weeks 57 weeks 48 weeks


Length of M1 summer 9 weeks 6 weeks 4 weeks 11 weeks 6 weeks


Normal and abnormal 
(e.g., physiology and 
pathophysiology) are 
taught in integrated 
organ systems


Yes Yes Yes Yes Yes


Preclerkship grades Pass/fail Honors/pass/fail Pass/fail Pass/fail Pass/fail


Types of preclerkship 
knowledge assessments


Faculty-developed 
MCQs


Faculty-developed 
MCQs


Faculty-developed 
essay, short answer


Faculty-developed 
MCQs


Faculty-developed MCQs


Use of preclerkship 
NBME exams


None Customized basic 
science NBME exams 
as basis for midterm 
and final exams; 
CBSSA at start of 
Step 1 study period


Customized basic 
science NBME 
exams


None Customized basic 
science NBME exams; 
CBSE as progress test 
with passing threshold


Start of clerkships January of M2 January of M2 September of M2 January of M2 October of M2


Length of clerkship 
curriculum


48 weeks:


Jan–Dec


48 weeks:


Jan–Dec


41 weeks:


Sept–Aug


48 weeks:


Jan–Dec


48 weeks:


Oct–Sept


Science integration in 
the clerkships


One-week science 
intensives, online 
modules, four-week 
selectives


Spaced education, 
distance learning, 
small groups, journal 
clubs


One-week 
intensive, six 1-day 
basic science 
sessions


Clerkship-specific 
integration strategies


Weekly science half-day 
small-group sessions; 
four-week applied 
science clerkship


Clerkship NBME exams Clinical subject NBME 
exams (internal 
medicine, surgery, 
psychiatry, pediatrics, 
obstetrics–gynecology, 
and neurology)


Clinical subject 
NBME exams 
(internal medicine, 
surgery, psychiatry, 
pediatrics, family 
medicine, obstetrics–
gynecology, 
emergency medicine)


Clinical subject 
NBME exams 
(internal medicine, 
surgery, psychiatry, 
pediatrics, 
obstetrics–
gynecology, and 
neurology)


Clinical subject NBME 
exams (internal 
medicine, surgery, 
family medicine or 
adult ambulatory, 
psychiatry, pediatrics, 
obstetrics–gynecology, 
neurology)


Clinical subject NBME 
exams (internal 
medicine, surgery, family 
medicine, psychiatry, 
pediatrics, obstetrics–
gynecology) and  
faculty-developed MCQ 
exam (neurology)


Clerkship grades Honors/high pass/ 
pass/fail


Honors/pass/fail Pass/fail Honors/high pass/
pass/fail


Honors/high pass/pass/
fail


Contribution of clinical 
subject exam score to 
clerkship grade


10% for all clerkships 20%–33% 20% for all 
clerkships


Range 5%–15% Range 20%–40%


Step 1 study period 5–6 weeksb 6 weeksb 6 weeksb 8 weeksb 6–8 weeks


  Abbreviations: USMLE indicates United States Medical Licensing Examination; M1, medical school first year; 
MCQ, multiple-choice question; NBME, National Board of Medical Examiners; CBSE, comprehensive basic 
science exam; M2, medical school second year; CBSSA, comprehensive basic science self-assessment.


 aReproduced from Daniel M, Fleming A, Grochowski C, et al. Why not wait? Eight institutions share their 
experiences moving United States Medical Licensing Examination Step 1 after core clinical clerkships. Acad 
Med. 2017;92:1515–1524. https://journals.lww.com/academicmedicine/Fulltext/2017/11000/Why_Not_
Wait__Eight_Institutions_Share_Their.11.aspx. The five schools (in alphabetical order; does not correspond to 
the order of schools in the table) were Columbia Vagelos College of Physicians and Surgeons, University of 
Michigan School of Medicine, NYU School of Medicine, Uniformed Service University of the Health Sciences, 
and Vanderbilt University School of Medicine.1


 bMore if vacation time is used.



https://journals.lww.com/academicmedicine/Fulltext/2017/11000/Why_Not_Wait__Eight_Institutions_Share_Their.11.aspx

https://journals.lww.com/academicmedicine/Fulltext/2017/11000/Why_Not_Wait__Eight_Institutions_Share_Their.11.aspx
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breadth (e.g., internal medicine or 
family medicine).9 Weaker exam scores 
can contribute to clerkship failures and 
an overall impression that students are 
not as strong as they “used to be.” We 
hypothesize that shelf scores decline 
for several reasons. First, learners have 
had less total “time on task.” An early 
second-year student entering clerkships 
is very different from a late second- or 
early third-year student. Also, Step 1 
preparation prior to the clerkships 
provides students with an opportunity to 
consolidate their foundational knowledge 
and offers an additional pass through 
the material prior to clinical rotations. 
Finally, studying for and taking the Step 1  
exam may help learners develop the 
self-discipline and stamina needed to 
take long, timed, high-stakes, multiple-
choice exams and adjust to board-style 
questions.10


An approach. Practical measures can 
be taken to enhance the likelihood of 
student success on NBME shelf exams. 
First, students should be encouraged 
to consolidate knowledge throughout 
the preclerkship curriculum. Second, 
students need exposure to standardized 
or timed NBME-style exam testing 
before taking their first shelf exam. 
Three of our five schools use customized 
NBME basic science exams during the 
preclerkship phase (see Table 2). USUHS 
initially administered a formative 
CBSSA prior to the start of clerkships, 
but later eliminated it as it was learned 
that performance on the customized 
NBME basic science exams and faculty-
derived exams was equally predictive. The 
University of Michigan is considering 
switching from using the CBSE to the 
CBSSA, to provide students with more 
detailed formative feedback to guide 
studying during clerkships based on 
personal strengths and weaknesses.


Adjustments to the minimum passing 
standards on clerkship shelf exams may 
be needed. NYU adjusted its passing 
grades and lowered the shelf contribution 
to 10% of the clerkship grades across 
all clerkships. Vanderbilt transitioned 
from having grades (e.g., honors, high 
pass, pass, fail) to simple pass or fail in 
its clerkships. Institutional policies and 
procedures can be adjusted such that 
early and/or initial shelf failures are first 
recorded as an incomplete—giving the 
student a chance to remediate the exam 


before the grade is formally recorded as 
a failure on the student transcript. These 
changes may only be temporary, as the 
institution’s assessment systems adjust to 
better prepare students for shelf exams, or 
they may remain as part of the new norm, 
with institutional recognition that earlier 
learners may need different standards.


Potential to overextend the length of 
Step 1 exam preparation


The challenge.  Delaying timing of the 
Step 1 exam can allow students a bit 
more flexibility in the length of time 
they have to study because the shortened 
preclerkship curriculum places the exam 
within an expanded period of elective 
time in their third year. Thus, learners 
may delay the start of electives. Our 
collective experience has been that most 
students generally do not need to extend 
their study time despite the extended gap 
between the initial presentation of the 
essential basic science content and Step 
1. In fact, some students require less time 
to study. However, unless there is a fixed 
date by which students must embark 
on the remaining curriculum, there is 
the potential that they may to want to 
overextend their exam preparation. This 
flexibility can pose challenges for students 
who feel pressured to obtain high scores 
to match into competitive specialties or 
for learners struggling with test anxiety, 
who have a propensity to want to delay 
taking the exam. As students study and 
take practice tests that do not reflect 
the level they aspire to, they may start 
to reconsider their test date and move it 
further out to give them more time. The 
hazard is twofold: that they reach a point 
at which they are mentally tired, feel 
defeated, and continue to postpone; and 
that they are progressively further away 
from the first content that they studied. 
On the other hand, for students who have 
weaker funds of knowledge and/or who 
have difficulty with standardized tests, 
this additional flexibility can be helpful in 
allowing them some extra study time.


An approach. Providing students 
with academic support is especially 
important because some students may 
need additional guidance in navigating 
and designing their postclerkship review 
process. Deans, learning specialists, and 
those advising and coaching students 
need to be aware of and anticipate these 
unintended consequences to effectively 
and proactively mitigate their impacts. 


This includes providing students with 
a proper orientation and resources.11 
For example, schools might consider 
scheduling a Step 1 orientation session 
near the beginning of the clerkship 
year, to discuss how to study for Step 
1 during clerkships (e.g., through 
interleaving, spaced repetition of 
questions), what a prototypical study 
regimen/preparation timeline might look 
like, what supplementary resources are 
available, and how a baseline CBSSA or 
CBSE score can be used to help develop 
an individualized study strategy. As the 
clerkship year comes to a close, students 
can be provided with more specific 
guidelines as to how to organize their 
time or how and when to take a CBSSA to 
develop an individualized study strategy.


Doing this preemptively can help reduce 
student anxiety. Once upperclassmen gain 
experience with taking the Step 1 exam 
after clerkships, they are better poised 
to advise younger learners on strategies, 
and this can go a long way toward 
mitigating student anxiety about the 
repositioned exam. During the transition, 
it may be helpful to encourage students 
to communicate with students at other 
schools that have already moved the exam 
through the Organization of Student 
Representatives of the Association of 
American Medical Colleges.


Four schools (Columbia, USUHS, NYU, 
and Vanderbilt) have established Step 1 
deadlines by which students must take 
the exam. Case-by-case exceptions are 
sometimes made for students who are 
in crisis or for those who have CBSSA 
scores in the failing range. In such 
cases, students work with a learning 
specialist to improve studying practices. 
Some schools provide or recommend 
supplemental resources—to include the 
use of commercially or locally derived 
question banks, and customized academic 
coaching to help students determine their 
readiness to take and pass Step 1.


Some Step 1 preparation can take place 
during clerkships. This can be done 
through the use of spaced education (e.g., 
spaced repetition of questions relating to 
the basic sciences) by individual students 
and through the deliberate interleaving of 
basic sciences into the clerkship curricula, 
through didactics, grand rounds, journal 
clubs, and so forth.
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Increased student anxiety and/or 
potential for misguided specialty 
choices


The challenge.  Even though the Step 1  
exam was intended to ensure medical 
students’ basic competence, the reality 
is that the three-digit score is often used 
to differentiate cohorts of students by 
performance. As a result, beginning the 
clerkship year without the advantage of 
a Step 1 score can potentially increase 
students’ anxiety about whether their 
anticipated specialty choice is indeed 
a realistic option. Students who have 
already identified a specialty may end up 
expending emotional energy worrying 
over whether their Step 1 score will be 
high enough to ensure that they will 
be competitive. Some students may 
discover—at a relatively late point in 
time—that their Step 1 score simply 
makes the immediate pursuit of some 
of the most highly competitive career 
fields unrealistic. This thereby causes 
students to reevaluate their long-term 
career plans closer than when might have 
been anticipated to the national resident 
Match. The heightened focus on Step 1 
scores has become increasingly pervasive 
throughout graduate medical education, 
despite the fact that the Step 2 Clinical 
Knowledge (CK) score tends to have a 
much stronger correlation with students’ 
performance in residency.12 That said, 
the current timing of the Step 2 CK exam 
is such that scores are not consistently 
available to the programs during the 
selection process, which contributes to a 
greater emphasis placed on Step 1 scores.


An approach. Even with the later timing 
of the exam, Step 1 scores are generally 
available early enough in the third year 
to allow ample time to solidify residency 
preferences, create a parallel path or 
backup plan (if needed), and actively 
prepare for Step 2 exams. On the plus 
side, a delayed Step 1 exam has the 
benefit of allowing students to assess their 
interest in a particular specialty during 
clerkships without the added pressure 
of having to consider the impact of their 
Step 1 score. For students planning to 
pursue highly competitive specialties, 
they can benefit from knowing target 
goals for Step 1 performance to aim 
for. Medical College Admission Test 
scores, preclerkship performance, and 
shelf scores tend to correlate with Step 1 
scores, so although all students should be 
encouraged to pursue areas that reflect 


their professional passion, an element 
of pragmatic realism may need to be 
interjected into the aspirational process.


As additional data become available 
about learner performance on Step 
1 exams taken post clerkship, learner 
anxiety may actually be lessened and 
wellness enhanced, particularly if average 
scores modestly increase and failure 
rates decline. To date, it appears that 
scores have improved the most for the 
lowest-performing quartile of students, 
whereas the highest-performing quartile 
has encountered a ceiling effect.9 This is 
particularly welcome news for students 
who may struggle on Step 1. According 
to our students’ feedback to date, learners 
generally like the repositioned Step 1 
exam. Upperclassmen often tell more 
junior students that the experience of 
taking NBME shelf exams prepared them 
well for the Step 1 exam. In our collective 
experience, student anxiety is highest in 
the first year after the change, until the 
upperclassmen grapevine can provide 
reassurance and even encouragement 
about the new timing.


Reduced time prior to graduation for 
taking and passing Step 1 and Step 2 CK


The challenge.  Thus far, all schools 
that have postponed administration of 
the Step 1 exam (Table 1) have done 
so in conjunction with other forms of 
curricular revision—all have included 
a shortening and modification of the 
traditional, preclerkship phase. In 
addition, some schools have significantly 
trimmed the summer between year 
one and two. Therefore, students finish 
preclerkships 12 to 18 months after 
starting medical school and proceed 
almost immediately into their core 
clerkships. The students at our schools 
complete Step 1 in August (Vanderbilt), 
November (Michigan), and February 
(Columbia, NYU, and USUHS) of the 
third year. Students who complete Step 1 
in February have a significantly shortened 
window to take and pass their Step 1 and 
Step 2 CK exams, both of which may be 
required for graduation. Students who 
complete Step 1 earlier potentially have 
an increased lag time between finishing 
clerkships and taking Step 2 CK.


An approach. The period between the 
Step 1 and Step 2 CK exams can be 
successfully navigated with careful and 
thoughtful advising on scheduling. Key 


things to consider include that some 
specialties expect and even require away 
rotations (e.g., emergency medicine), 
a growing number of programs want 
students to complete Step 2 CK early in 
the application cycle, some students use 
Step 2 CK to make up for a lower Step 1 
score, a small number of students will 
apply to residencies with an early match 
(e.g., ophthalmology, urology), and 
sufficient time for remediation may be 
needed if passing Step 1 and Step 2 CK 
exams is a graduation requirement.


Keeping these considerations in mind, a 
student who receives their Step 1 score as 
late as the end of March could schedule 
the Step 2 CK anytime between May 
and October, which still allows a break 
between the two high-stakes exams and 
offers sufficient time to schedule away 
rotations and advanced clerkships. A 
prior study suggested that Step 2 CK 
scores decline with increasing time from 
completion of the core clerkships.13 
Thus, some schools (e.g., University 
of Michigan) are advising students to 
take the exams in rapid succession, 
allowing just enough time to get the 
Step 1 score back and make necessary 
studying adjustments. Scores can then be 
included as important data points in the 
residency match process, decreasing the 
influence of Step 1 scores with potential 
implications on student well-being. Other 
schools (e.g., Columbia) are advising 
students to take a longer break between 
preparing for Step 1 and Step 2 CK, to 
reduce the impact of burnout and mental 
exhaustion associated with preparing for 
two high-stakes examinations in back-to-
back succession. Regardless of the Step 2 
timing strategy, we have not observed a 
change in Step 2 scores at our institutions 
with the repositioned Step 1.


Should All Schools Reposition 
Step 1 Exams?


We believe that postponing the 
timing of the Step 1 exam should be 
considered by institutions undergoing 
curricular reforms that both shorten the 
preclerkship phase and aim to enhance 
the integration of basic and clinical 
science. We do not recommend changing 
the timing of Step 1 in the absence of 
these other curricular changes. For 
schools with traditional 2 + 2 curricula, 
a shift in Step 1 timing would place it 
far too close to the residency application 
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season. For schools considering altering 
the timing of the Step 1 exam, there 
are a number of challenges to consider; 
we have provided approaches based on 
our experience to optimize a successful 
transition. All of the potential challenges 
can be addressed using three main 
strategies: effective communication about 
curricular changes to all stakeholders, 
focused curricular design and 
assessments that facilitate integration of 
basic and clinical sciences from day one, 
and thoughtful student coaching and 
advising.


As schools consider and plan any 
large-scale organizational change, 
anticipating and planning for challenges 
is an important part of the process. 
Transparent communication about 
the reasons for, and process of, the 
change can be as important in people’s 
impression of the changes as the actual 
outcomes. Additionally, any negative 
outcomes can be better accepted 
if the change process is managed 
and communicated effectively.14 
Communication and planning should 
include important stakeholders such as 
academic advisors, learning specialists, 
counselors, and student wellness and 
mental health services, who can all help 
to plan and support students through 
the Step 1 timing change. Ensuring that 
students are studying in an effective 
manner and are actively managing 
their anxiety and stress is key to student 
success.


Curriculum revision and the relocation 
of the Step 1 exam to the postclerkship 
period provides schools with a unique 
opportunity to revisit and strengthen 
their assessment procedures and 
to further tailor their educational 
examination infrastructure so as to 
strengthen and promote long-term 
learning and understanding as well as 
preparation for clinical performance.
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Reference for Point 8 
An earlier and expanded 18-month clerkship phase (concluding with a flexible 25-week 


testing, remediation, early elective, and scholarship block) 
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Perspective


Historically, students take the United 
States Medical Licensing Examination 
(USMLE) Step 1 before clerkships; 
however, there are compelling reasons 
to examine this practice. According to 
data published by the Association of 
American Medical Colleges in 2015–2016, 
130/142 of accredited medical schools 
have their students take Step 1 of the 
USMLE during their first or second year 
of medical school.1 This typically occurs 
following completion of the basic science 
curricula, after a dedicated study period 
of variable duration. Passing Step 1 is 
often a requirement for advancement to 
clinical clerkships.2 A number of schools 
are undergoing curricular revisions 
that shorten the traditional two-year 
preclerkship curricula to 18 months or 
even 1 year,3 and an increasing number 
are altering or have altered the timing 


of Step 1 to follow completion of the 
core clerkships. Other schools are still 
contemplating where to best place Step 
1 to optimize student learning and 
performance.


Context


Research on the timing of Step 2 Clinical 
Knowledge (CK) suggests that student 
performance declines over time after 
completion of the core clerkships.4 
A similar decline in scores might be 
predicted for Step 1 as the distance 
from completing the foundational 
sciences increases. Ling et al5 found a 
6.4% decrease in overall performance 
on USMLE Step 1 basic science items 
administered in unscored sections of 
USMLE Step 2 CK. The magnitude of 
the decline varied by discipline, with 
the steepest occurring in biochemistry 
(17.5%). This and other studies by the 
National Board of Medical Examiners 
(NBME) examining basic science 
knowledge retention6,7 raise the concern 
that students may not perform as well on 
Step 1 questions after clerkships.


Other studies suggest that Step 1 
performance could improve with clinical 
exposure. Petrusa et al8 investigated 
the performance of medical students 


from years 1, 3, and 4 on sample Step 1 
questions. Their results demonstrated 
that students with more clinical 
experience performed better, suggesting 
that moving Step 1 after clerkships might 
raise scores. Unfortunately, the study was 
limited by a small sample size and the 
use of practice questions rather than the 
actual USMLE exam.


At this time, consensus on the impact 
of moving Step 1 after the core clinical 
years on student outcomes is lacking. In 
the absence of empirical data, schools 
are looking to peer institutions for 
guidance to aid them in decision making 
and advocating to their administrations. 
Numerous queries on the optimal timing 
of Step 1 are appearing on medical 
education listservs,9 and there is a need 
for a collated resource of institutions 
that have made the change. This article 
offers the perspective of eight medical 
schools: Duke University School of 
Medicine, Perelman School of Medicine 
at University of Pennsylvania, New 
York University School of Medicine, 
Uniformed Services University of the 
Health Sciences, Vanderbilt University 
School of Medicine, Weill Cornell 
Medical College, Yale University School 
of Medicine, and University of Michigan 
Medical School. These schools have either 
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The majority of medical students 
complete the United States Medical 
Licensing Examination Step 1 after their 
foundational sciences; however, there 
are compelling reasons to examine 
this practice. This article provides the 
perspectives of eight MD-granting 
medical schools that have moved Step 
1 after the core clerkships, describing 
their rationale, logistics of the change, 
outcomes, and lessons learned. The 
primary reasons these institutions cite 
for moving Step 1 after clerkships are to 
foster more enduring and integrated basic 


science learning connected to clinical 
care and to better prepare students for 
the increasingly clinical focus of Step 1. 
Each school provides key features of the 
preclerkship and clinical curricula and 
details concerning taking Steps 1 and 
2, to allow other schools contemplating 
change to understand the landscape. 
Most schools report an increase in 
aggregate Step 1 scores after the 
change. Despite early positive outcomes, 
there may be unintended consequences 
to later scheduling of Step 1, including 
relatively late student reevaluations of 


their career choice if Step 1 scores are 
not competitive in the specialty area 
of their choice. The score increases 
should be interpreted with caution: 
These schools may not be representative 
with regard to mean Step 1 scores and 
failure rates. Other aspects of curricular 
transformation and rising national Step 
1 scores confound the data. Although 
the optimal timing of Step 1 has yet to 
be determined, this article summarizes 
the perspectives of eight schools that 
changed Step 1 timing, filling a gap in 
the literature on this important topic.
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realigned or are in the process of moving 
Step 1 to after completion of the core 
clinical clerkships. Here we discuss our 
rationale, the logistics, outcomes, and 
lessons learned, to begin to address the 
gap in the literature on this important 
topic.


Rationale


The primary reasons our institutions 
cite for moving Step 1 after the core 
clerkships are to help improve retention 
of foundational science, to promote 
more integrated basic science learning in 
clinical contexts, and to better prepare 
students for the increasingly clinical focus 
of Step 1.


At our institutions, we see a concern 
amongst faculty that students prepare 
intensively for Step 1, pass the exam, 
and promptly forget their basic science. 
Research in medical education shows 
that students retain two-thirds to 
three-fourths of knowledge at one year, 
and slightly below 50% at two years 
in the absence of deliberate retention 
and retrieval practices.10 We believe 
that students cannot afford to forget 
significant portions of their scientific 
foundations. We want their foundational 
knowledge to be enduring, to enable 
students to delve into the biochemical 
and molecular basis of disease when 
working with patients. As part of 
curricular reform, our institutions have 
all moved to more integrated, organ-
system-based approaches and employed 
deliberate strategies to ensure that 
students revisit the basic sciences in the 
clinical setting. We believe that placement 
of Step 1 after the core clerkships adds 
to these instructional efforts by tapping 
into student motivation to review basic 
science content. Assessment is one of 
the most powerful motivators of student 
learning.11 Thus, the timing of the exam 
has the potential to influence study 
behaviors by making the material more 
“relevant.”


Over time, Step 1 has become increasingly 
clinically focused, with longer and more 
complicated vignette-style question 
stems. We believe it makes pedagogical 
sense that having clinical experience prior 
to taking the examination may improve 
scores. Students at our institutions 
have anecdotally reported that taking 
the exam after the core clerkships has 


allowed them to read and analyze the 
clinical vignettes quickly and with greater 
comprehension. Students presumably use 
pattern recognition and can “think fast,” 
rather than using slower, more analytical 
thinking during the exam.12 Additionally, 
students have commented that practice 
with the NBME clinical subject “shelf” 
exams facilitates more effective and 
efficient progress through the clinical 
stem questions on Step 1.


Logistics


There are a number of logistical issues 
associated with changing the timing 
of Step 1 that span the curricular 
continuum. For peer institutions to best 
learn from our institutional examples, 
they must be able to determine whether 
our practices are applicable to their 
curricula. Table 1 outlines the logistical 
details surrounding Step 1 at each of 
our eight schools, detailing timing and 
curricular features of import. Appendix 
1 offers the logistical details of additional 
schools making this change, and there 
are likely others. Duke University and 
the University of Pennsylvania have the 
longest experience with placing Step 1 
after the core clinical clerkships, with 24 
years and 19 years, respectively. The other 
schools made the change more recently as 
part of their curriculum transformations.


Based on our collective experiences to 
date, we have identified key facets of 
the preclerkship curricula to consider 
when determining the optimal timing 
of Step 1, including the duration of the 
basic science curriculum, the type of 
curriculum, and grading policies. The 
length of the preclerkship curriculum in 
our eight schools ranges from 45 to 60 
weeks, excluding vacations. All but one 
school (Duke) report having single-
pass curricula, organized around organ 
systems, where scientific disciplines are 
interwoven and the basic and clinical 
sciences are integrated. Duke has a 
two-pass curriculum of normal systems 
followed by abnormal systems.


Preclerkship student assessment at most 
institutions is pass/fail, with only a few 
reporting discriminatory grading. Some 
institutions assist students in Step 1 
preparation by offering either the NBME 
subject exams or customized exams 
spaced throughout the preclerkship years. 
Two institutions offer the Comprehensive 


Basic Science Examination (CBSE) 
as a summative experience similar to 
Step 1 to help students consolidate 
knowledge before entering clerkships. 
These preclerkship curricular features are 
detailed for each institution in Table 1.


We have also identified important 
features of the clinical curricula to 
consider, including the total duration 
of the core clinical clerkships, grading 
policies, and whether or not schools use 
the NBME clinical subject examinations. 
These core clinical curricular features 
are also detailed in Table 1. Notably, 
in addition to traditional clerkship 
didactics, our schools all use a variety 
of pedagogical strategies for deliberate 
science integration in the clinical setting, 
including linkage of specific clerkships 
with basic science disciplines (i.e., 
surgery and anatomy), special days 
dedicated to deep science dives, weeklong 
intersessions, four-week selectives, and 
the deliberate encouragement of self-
directed, patient-based scientific inquiry. 
Several institutions have invested in 
question banks, and two schools use 
learning platforms to help provide the 
testing effect of spaced repetition of basic 
science content during the clinical years. 
We highlight these curricular features 
because we believe they help foster 
retention and retrieval of basic science 
knowledge, and drive the integration 
of basic and clinical science learning, 
complementing the change in Step 1 
timing.


Of the eight institutions represented, six 
mandate students to take Step 1 after the 
core clinical clerkships, and two provide 
flexible options (i.e., students may take 
Step 1 immediately following the basic 
science curricula or after clerkships). 
The time provided to prepare for Step 
1 varies from four to eight weeks, and 
averages six. Of note, Duke, which has 
the longest experience administering Step 
1 after the clerkships, offers the shortest 
guaranteed study period, though students 
may negotiate with their research mentor 
for additional time if needed. Institutions 
generally offer some flexibility as to 
when students take Step 2 CK, but most 
require it by December of the fourth 
year. Some institutions allow students to 
take Step 2 CK before Step 1. In practice, 
few students have exercised this option, 
though some students do take the exam 
soon after Step 1, and many take it earlier 
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than ever before. The majority completed 
Step 2 CK prior to the submission of 
their data to the Electronic Residency 
Application Service in mid-September. 
Most schools require passing both 
Step 1 and Step 2 as a prerequisite for 
graduation. Although some schools 
have expressed concerns about stacking 
USMLE Step 1 and Step 2 CK close 
together, this has not, in our experience, 
been a significant issue. Some students 
have found it helpful to have the option 
to take both exams in rapid succession or 
to spread them out.


Outcomes and Lessons Learned


Arguably, the most desirable outcomes 
of moving Step 1 after the core clerkships 
are students’ deeper mastery and 
retention of the foundational sciences 
and integration of basic science and 
clinical learning, but direct measures 
of these outcomes are elusive. One 
measurable objective outcome is 
performance on Step 1.


Although we do not teach to the USMLE 
exams, we recognize the importance 
of Step 1 scores for our students, and 
we want to ensure noninferiority or 
improvement in performance with the 
change in exam timing. At the institutional 
level, our schools have reported higher 
mean Step 1 scores after changing the 
timing of Step 1 to post clerkship. Duke 
has consistently high Step 1 scores, but 
they do not have comparison data from 
before the change, which occurred more 
than 20 years ago. The University of 
Pennsylvania overhauled its curriculum in 
1996, and their students have consistently 
demonstrated mean scores 20 points above 
their pretransformation average. New York 
University has 4 years of data, showing 
an average 7- to 12-point improvement 
in mean scores, with the smallest 
change occurring the first year after the 
transformation. Notably, they report that 
their MD/PhD candidates, who may serve 
as an internal control group, take the exam 
directly after the basic sciences. This group, 
while scoring above the national average, 
does not score as highly as the students 
who take it later. The Uniformed Services 
University of the Health Sciences has 3 
years of data demonstrating improved 
Step 1 scores. This was manifest by an 
11-point improvement the first year after 
the change, a 13-point improvement in 
the second year, followed by a slight (1- to 
2-point) return toward baseline in the  
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third year, but still with aggregate scores 
remaining higher than the historical 
baseline. Vanderbilt has 1 year of data. 
Acknowledging that scores fluctuate from 
year to year, they compared the single 
year (postclerkship Step 1 mean) against 
the average performance over the prior 4 
years of data. The mean score improved 
by 9 points. They reported “cautious 
optimism” with this delta, suggesting that 
students may have been nervous about the 
change, and hence more motivated in their 
studies. At Weill Cornell, students may 
choose to take Step 1 either before or after 
the core clerkships. For the first 2 years 
of the new curriculum, approximately 
80% opted to take the exam during the 
“traditional” time immediately following 
the basic science curriculum. Scores are 
still pending for students who opted to 
take the exam after clerkships. Yale and the 
University of Michigan do not yet have 
their first year of data.


There are other unintended outcomes 
to moving Step 1 or offering a choice of 
timing. For example, a lesson learned 
from Weill Cornell’s experience was that 
allowing students autonomy concerning 
when to take the exam resulted in a 
notable increase in anxiety. Students 
worried that they were making a choice 
in the absence of clear data that might 
significantly impact their performance 
and possibly career plans. Students 
tended to fall back on tradition, choosing 
to take the exam early. Duke also offers 
flexibility in the timing of the exam, 
but their longer experience with taking 
the exam after the core clerkships leads 
~99% of students to take the exam late. 
At Vanderbilt, students were concerned 
that they might decide on a particular 
specialty, then need to reconsider their 
career choices relatively late if their Step 
1 score was not competitive, and thus 
their candidacy for certain residency 
positions was not as strong as they might 
have otherwise anticipated. Although 
the scores may be somewhat predictable, 
based on prior performance (i.e., basic 
science class cumulative scores, CBSE 
and NBME shelf exam scores), the fact 
remains that a small number of students 
may be confronted with a real limitation.


Discussion and Next Steps


The optimal timing of Step 1 has yet to 
be determined, but an increasing number 
of medical schools are starting to deviate 
from tradition, and early outcomes from 


our institutions are promising. As new 
schools develop, and older institutions 
undergo curriculum transformation, they 
might carefully consider where to place 
Step 1 to align best with their pedagogical 
aims, rather than simply following the 
status quo. If major goals for learning 
include fostering retention of basic 
science knowledge and the integration of 
basic and clinical science, then placement 
of Step 1 after the core clerkships may 
help drive this process by tapping into 
student motivation.


A few institutions (i.e., Duke and the 
University of Pennsylvania) moved the 
timing of Step 1 many years ago, but 
most institutions have implemented 
this change relatively recently. One 
might question why there is this 
seemingly sudden trend to move the 
timing of Step 1 as represented by our 
eight schools and others (Appendix 1). 
Perhaps schools now feel they have a 
“morsel of permission” to follow others, 
or perhaps the centennial Flexner 
Report is pushing schools to change. In 
Educating Physicians: A Call for Reform 
of Medical School and Residency, Cooke 
et al13 emphasize the need to strengthen 
the connections between formal and 
experiential knowledge, by providing 
more clinical exposure earlier in medical 
school, and more opportunities for deep 
science learning later in training. This 
notable work has prompted rethinking of 
many major structural and architectural 
aspects of medical curricula, of which 
Step 1 timing is one.


In their plea to reassess the role of 
USMLE Step 1 scores on residency 
selection, Prober et al14 noted: “Because 
students recognize the high stakes of 
USMLE, they prioritize learning what 
they believe to be important for the 
test during their preclerkship courses. 
They are emotionally stressed about 
perceived disconnects between what they 
need to learn for the test and what they 
need to know to care for their patients 
and prepare for lifelong learning.” 
Repositioning Step 1 may help students 
connect the basic sciences to patient care 
and shift the focus in the preclerkship 
years away from memorization of facts, 
toward developing habits of learning that 
will prompt them to ask deep scientific 
questions when confronted with complex 
patient problems. Of course, a change 
in Step 1 timing alone is not sufficient 
to overcome a curriculum in which 


these connections are not modeled and 
reinforced in other ways. This is why 
we firmly believe that other structural 
changes should accompany the change 
in Step 1 timing, though a discussion of 
such changes is outside the scope of this 
article.


For institutions concerned about student 
performance on Step 1, our collective 
experience suggests noninferiority, if 
not slight improvement, when Step 1 is 
placed after clerkships.


Our current outcomes data are aggregate 
and not amenable to statistical analysis. 
Thus, they should be interpreted with 
caution. To date, we have not looked at 
the effect of the change in Step 1 timing 
on residency match rates, but this is 
another avenue for future exploration.


It seems logical that a year of clinical 
training may improve student 
performance on clinically based vignettes. 
The modest rise in scores may be further 
influenced by students’ total time on 
task. Although most institutions that 
change the timing of Step 1 also shorten 
the preclerkship curriculum, students 
generally spend between 6 and 12 
additional months learning medicine 
before taking the exam.


One concern amongst educators about 
delaying Step 1 is that students may lose a 
needed opportunity to consolidate basic 
science knowledge before clerkships and 
may not be as prepared for clerkships, 
potentially leading to poorer scores on 
NBME clinical subject exams, which 
many schools use as a measure of 
clerkship performance. Specifically, there 
is a concern for the effect on struggling 
students. The changes in aggregate scores 
that we report say nothing about low-
performing students compared with high-
performing students. In the future, we plan 
to study both class-based and individual 
student metrics to further characterize 
these potentially important effects.


Other factors complicate the 
interpretation of the improved Step 
1 scores: There has been a slow but 
steady increase in national Step 1 
averages.15 From 2009 to 2015, mean 
scores increased from 221 to 229, with 
incremental changes of 0 to 3 points 
per year. Taking this into account, the 
deltas we report are likely smaller but 
still appear to show increases slightly 
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above overall trends. Another factor 
that influences interpretation of these 
outcomes is the measurement error of the 
USMLE. This provides an index of the 
imprecision for the examination, making 
these differences of unclear significance.16


Our observations have other limitations. 
Our institutions are not representative 
of all schools in terms of geographic 
representation, rankings, or baseline 
USMLE scores. The majority of these eight 
schools’ mean USMLE scores before the 
change were above the national average, 
and failure rates were in the range of 0% 
to 4%. We do not know how a change in 
Step 1 timing would affect schools with 
significantly lower mean Step 1 scores 
and higher failure rates. Although our 
experiences may not be generalizable, 
we have attempted to provide as much 
information as possible about our curricular 
structures to make our experiences 
transferable. Finally, we should note that 
the outcomes on USMLE Step 1 scores 
reported in association with changing Step 1 
timing are potentially confounded, as we are 
unable to separate the effects of changing 
the timing of Step 1 from the effects of other 
curricular transformations simultaneously 
occurring at our institutions.


Concluding Remarks


This article summarizes our eight 
institutions’ experience with moving the 
timing of Step 1 after the core clerkships, 
filling an important gap in the literature. 
Early outcomes are promising, and as such, 
the practice warrants further investigation.
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Experience-based learning: a model linking the
processes and outcomes of medical students’
workplace learning
Tim Dornan,


1


Henny Boshuizen,
2


Nigel King
3


& Albert Scherpbier
4


OBJECTIVE To develop a model linking the proces-
ses and outcomes of workplace learning.


METHODS We synthesised a model from grounded
theory analysis of group discussions before and after
experimental strengthening of medical students’
workplace learning. The research was conducted
within a problem-based clinical curriculum with little
early workplace experience, involving 24 junior and
12 senior medical students.


RESULTS To reach their ultimate goal of helping
patients, medical students must develop 2 qualities.
One is practical competence; the other is a state of
mind that includes confidence, motivation and a
sense of professional identity. These 2 qualities rein-
force one another. The core process of clinical
workplace learning involves �participation in prac-
tice�, which evolves along a spectrum from passive
observation to performance. Practitioners help
students participate by being both supportive and
challenging. The presentation of clear learning
objectives and continuous periods of attachment that
are as personal to the student(s) and practitioner(s)
as possible promote workplace learning.


CONCLUSIONS The core condition for clinical
workplace learning is �supported participation�, the
various outcomes of which are mutually reinforcing
and also reinforce students’ ability to participate in


further practice. This synthesis has 2 important
implications for contemporary medical education:
any reduction in medical students’ participation in
clinical practice that results from the patient safety
agenda and expanded numbers of medical students
is likely to have an adverse effect on learning, and the
construct of �self-directed learning�, which our
respondents too often found synonymous with �lack
of support�, should be applied with very great caution
to medical students’ learning in clinical workplaces.


KEYWORDS education, medical, undergraduate ⁄
*methods; *workplace; problem-based learning;
England; physician)patient relations; interprofes-
sional relations; clinical competence ⁄ standards.


Medical Education: 2007; 41: 84–91
doi:10.1111/j.1365-2929.2006.02652.x


INTRODUCTION


The teaching of medicine in clinical workplaces has
not kept pace with change in higher education.
Today’s students learn practically relevant theory in
seminar rooms using well theorised methods1 sup-
ported by empirical evidence of effectiveness.2 They
learn skills through high-fidelity simulation.3 How-
ever, they integrate their knowledge and skills in
workplaces through a process for which there are no
better descriptors than �senior surgery�, �clinical
teaching�, or �primary care placements�. The work-
place is where competence has eventually to be
applied; it is the �theatre� for much of a doctor’s
undergraduate and postgraduate education; work-
place education is self-evidently important. However,
the published literature mostly pertains to specific
contexts (hospital firms,4 community settings,5


ambulatory education,6 day surgery units7) and fails


workplace learning
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to identify causal links between the processes and
outcomes that are expected of a contemporary,
integrated curriculum. We have synthesised students’
narratives of how they learn in workplaces with a
detailed literature review presented elsewhere8 into a
testable model of workplace learning.


METHODS


Context


The context was the Salford Sector of the University
of Manchester Medical School. The curriculum is of a
contemporary type with a spiral, fully horizontally
integrated design that uses problem-based learning
(PBL) methods through all 5 years. After limited
clinical exposure in Years 1 and 2, students continue
thematic learning in Years 3 and 4, but now with
clinical skills training and simultaneous community
and hospital attachments to provide access to a
breadth of clinical problems and contexts.9 In Year 5,
they have one-to-one attachments to clinicians and
continue to attend group tutorials, but now use real
patients as triggers for PBL.10


Study design


Students at the end of Year 3 were chosen as index
respondents because they have had nearly a year’s
clinical experience but are still junior. A tutorial group
of 8 students on a 7-week attachment to 1 firm took part
in a semistructured group discussion. Following the
interview template used in a previous survey of staff,11


they discussed how successfully they had learned from
clinical experience, what factors had helped or hin-
dered their learning, ways by which their learning
might have been improved, and the roles of their
teachers. A provisional analysis of their narratives
provided the starting point for a �complex interven-
tion�,12 which included more comprehensive briefing,
mentoring, and reflective debriefing on experience as
described in detail elsewhere.13 All 8 clinically naı̈ve
students non-purposively allocated to the firm at the
start of the next academic year gave informed, verbal
consent to take part in a group discussion after
experiencing the modified firm for 7 weeks. To
triangulate and extend those observations, a group of 9
Year 5 students and a mixed group of 3 Year 5 and 8
Year 3 students who had spent 20% of their time in
primary care and experienced a variety of hospitals
gave a senior student retrospect and compared senior
and junior student perspectives on clinical learning.


Roles of the researchers


Having become experienced as a �participant obser-
ver�,11,13 the first author conducted the index discus-
sion and complex intervention with students attached
to the firm on which he was 1 of 5 consultants. He kept
daily field notes and students kept daily written records
of their learning. His co-researchers helped him
identify preconceptions and biases that might colour
his interpretation,11 supervised the study to identify
bias in its conduct, and compared his evolving inter-
pretation against the original narratives. A second
author and a clinical academic (not an author)
observed the discussion with intervention group
students to identify undue influence on their opinions.
Unlike the Year 3 students, who were all taught by the
first author, few of the Year 5 students had been placed
with him and some had never met him. A third author,
who never met the students, supervised the study. A
fourth author, naı̈ve to the conduct of the study,
critiqued a provisional interpretation against the
original transcripts.


Analytical methods


Each discussion was analysed in enough detail to
inform the next, but the grounded theory analysis was


Overview


What is already known on this subject


Descriptions of clinical workplace learning are
usually tied to specific contexts and disciplines
in which it is delivered (�firms�, �paediatrics�,
�ambulatory care education�) and concentrate
more on teaching (�clinical teaching�) than
learning.


What this study adds


This study identifies a set of outcomes that
acknowledge emotional as well as practical
learning, �supported participation� as the core
condition for workplace learning and some
prerequisite conditions for workplace learn-
ing. It presents a model linking process and
outcome.


Suggestions for further research


Future research might test the model’s appli-
cability in a range of contexts and explore the
nature of emotional learning.
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�abbreviated� in the sense that definitive analysis took
place after data collection had finished. All discus-
sions were transcribed verbatim. They and the field
notes were entered into nVivo software (QSR, Don-
caster, Victoria, Australia) and analysed using proce-
dures proposed by Strauss and Corbin to identify
causally related �actions and interactions�.14 The index
discussion was coded and the interpretation criti-
qued. A core theme and coding structure were
agreed, the transcript was recoded again, and the
coding structure was applied to the other transcripts
and field notes. Once the authors had agreed that
theoretical saturation had been reached, they integ-
rated the findings with a detailed literature review
published elsewhere8 to develop a theory and graph-
ical model. �Results� adheres to the model, following a
narrative sequence chosen to make the concepts and
relationships as clear as possible. Verbatim extracts
are cross-referenced between the text and Table 1
(Table published online as supplementary material),
which identifies the source of each extract.


RESULTS


1 Participation as the core condition for learning


Despite their exposure to primary care, respondents
spoke mostly about hospital experiences (1.1). They
learned best by participating in practice but their
workplace experiences were not all participative. As
they became more senior, learning activities had to
be close to the role of a practitioner to be experi-
enced as participative.


2 The nature of participation


2a Observation as participation


Observation could be active or passive. Passive
observation allowed respondents to glean knowledge
and encounter realities they had learned about in
theory but which gave, at best, a transient sense of
participation. Interaction with doctors and nurses
made observation a more participative and instructive
experience and respondents became frustrated when
that interaction was lacking. (2a.1).


2b �Acting� as participation


Performing clinical tasks made students participants
by changing them from the status of observers to that
of actors (2b.1). However, even acting could be more
or less participative. Clerking a patient who had
already been clerked by a doctor was rehearsal (2b.2).


An act became performance and a respondent’s
sense of participation increased when the task con-
tributed to patient care (2b.3). There were, of course,
some tasks that had to be rehearsed before respond-
ents could perform them but there were others, such
as calling a patient into a consulting room or
completing a request form (2b.4), that could give
even junior students a sense of participation.


3 Factors affecting participation


3a Interaction with patients


The wish to benefit patients had led many respond-
ents to study medicine (3a.1) but their early attempts
to participate were hampered by fear of doing just the
opposite (3a.2). Doctors made participation easier by
introducing respondents to patients as �doctors-to-be�
and recognising the quality of their early rehearsals
(3a.1). Building social relationships with patients
increased inexperienced respondents’ sense of par-
ticipation (3a.3) and success gave them more con-
fidence to participate on another occasion. Being
taken to the bedside in a large group, by contrast,
could be a very negative experience of non-partici-
pation because respondents were not just observing
passively but invading a patient’s privacy. (3a.4).


3b Interaction with doctors


3b.1 Doctors’ behaviour towards students


Some doctors showed their unwillingness to support
participation by failing to greet respondents when
they arrived, providing no timetable, cancelling
teaching, failing to turn up, or allowing themselves to
be bleeped away (3b.1.1). Others actively supported
participation by providing ready access to their
practice (3b.1.2), sharing their clinical expertise
(3b.1.3), and creating tasks for respondents to
perform (3b.1.4). The pressures of practice amplified
doctors’ (un)willingness to support student partici-
pation, with some becoming unfriendly and relega-
ting students to the role of passive observers (3b.1.5),
and others asking them to help out (3b.1.6). There
was a dynamic between doctor and respondent such
that students who were clear what they wanted to
learn, unafraid to ask questions and practically
competent had the best chance of participating
(3b.1.7). Challenging respondents with a question or
task increased their participation provided the chal-
lenge was appropriate to their level of experience and
made in a supportive way (3b.1.8). Teachers could
strike the right balance between support and demand
by amicably �grilling� respondents (3b.1.9) and the
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wrong balance by asking questions in a belittling way
or using a respondent as a menial pair of hands
(3b.1.10).


3b.2 The climate of the medical team


The personalities of doctors had a pervasive influ-
ence on the learning climate of a firm. Some seniors
helped respondents participate by increasing their
juniors’ interest in teaching (3b.2.1), whereas others
left their juniors unsupported, unaccountable and
unrewarded (3b.2.2).


3b.3 Doctors’ knowledge of the curriculum


Doctors’ familiarity with the curriculum also affected
respondents’ participation. A common obstacle to
participation was the misconception that teachers
should not divulge answers or share their expertise in
a PBL curriculum (3b.3.1).


3c Interaction with nurses


Nurses had a powerful influence for good or ill on
respondents’ participation (3c.1) They could leave
respondents feeling passive, unskilled and unconfi-
dent by claiming they had arrived unannounced.
Sometimes they even denied respondents access to the
workplace. At the other extreme, they could be
welcoming, supportive, willing to share their expertise,
and able to offset the �scariness� of doctors (3c.2).
Respondents’ experiences with nurses were more
positive in outpatient than ward settings, in district
than teaching hospitals, with specialist rather than
generalist nurses, and as senior rather than junior
medical students. Respondents contrasted their situ-
ation unfavourably with that of student nurses, who
wore uniforms, had one-to-one relationships with
trained nurses, had their own patients, had defined
responsibilities, were a useful part of the workforce,
and �were training to be nurses rather than pass exams�.
Returning to a ward where they had found it hard to
participate as juniors, senior respondents found they
were now welcome because they were useful (3c.3).


3d Interaction with peers


Depending on their individual personalities and the
climate of the peer group, respondents could be
spurred into active participation or rendered passive
by peer interaction (3d.1). Greater numbers of
students on firms and shorter, more discontinuous
attachments reduced participation by making
respondents’ interaction with doctors less personal
(3d.2, 3d.3).


3e Organisational factors


A well structured curriculum with a clear timetable,
defined learning objectives, and space in the hospital
they could call their own (3e.1) helped respondents
participate, particularly when they were most junior
and vulnerable.


4 Students’ states of mind


Participation was influenced by, and influenced,
respondents’ emotions, which reached their highest
peaks and lowest troughs in the earlier years of the
curriculum (4.1).


4a Building a sense of identity


Junior respondents grappled with whether they had
any right to be in the workplace (4a.1). Simple things
like making tea for a friendly registrar (4a.2) or
having a safe haven where they could write up notes
(3e.1) helped. Being in workplaces where students
were �new and exciting� increased their sense of
identity (4a.3). However, they more often felt like
�spare wheels�, or like unskilled, anonymous members
of large groups who got underfoot (4a.4) and had no
responsibilities (4a.5). A junior respondent described
feeling stigmatised by ward nurses as �the lowest of
the low� (4a.6). Students could, however, develop an
identity as a �member of the team� when they
interacted on a one-to-one basis with doctors and
nurses continuously over a period of time and
contributed to patient care (3d.3, 4a.7), all of which
became easier as they became more senior. Simply to
be addressed by name boosted their sense of identity
(4a.8).


4b Becoming more confident


Participation made respondents more confident
(4b.1). Some were naturally self-confident (4b.2) and
found it easier to be confident if they were clear
about what they were expected to learn, but their
confidence was very sensitive to how doctors behaved
towards them. Lack of confidence made it hard for
junior students to communicate with doctors,
although doing so made their learning more partic-
ipative (4b.3). Confidence was dented by failed
performance and bolstered by positive feedback from
a practitioner (4b.4).


4c Sustaining motivation


Respondents’ motivation was strongly influenced by
their workplace experiences. They were demotivated
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by practitioners refusing to interact with them
(3b.1.1), keeping them as passive observers (2a.1), or
having low expectations of them (4c.1). By contrast,
doctors’ and nurses’ enthusiasm (4c.2), accessibility,
and supportively challenging behaviour (3b.1.8) were
powerful motivators.


4d Feeling rewarded


Respondents were rewarded by achieving a relatively
high level of participation for their stage of training
(4d.1) particularly when they adopted the role of
doctor (2b.1, 3b.1.6). Their feeling of low status
could be counteracted by a doctor’s recognition,
which made hard work worthwhile (3a.1, 4d.2),
strengthened their sense of vocation for medicine
and motivated them (4d.3). Teaching more junior
students on behalf of a doctor was particularly
rewarding.


5 Students’ competences


5a Study skills


Respondents spoke articulately about how their study
skills had evolved: how they had learned what to
learn; what activities to attend (5a.1); how to access
those activities; how to behave in hostile and unfa-
miliar workplaces; what expectations to have of
doctors and nurses; how to manage time proactively
(5a.2); how to balance time spent on book-learning
against time in the workplace (5a.3), and how to
identify reflectively what they had learned (5a.4).
They learned through their own and their peers’
experiences (5a.5) how to �pitch in� (5a.6), although
the support of doctors and nurses made it easier to
do so (5a.7).


5b Knowledge


Entering workplaces made respondents lose confid-
ence in knowledge they had spent many years
acquiring (5b.1) and required them to learn new
ways of learning (5b.2). Private study made them
more confident to participate (5b.3) and participa-
tion made their learning more tangible and in-
creased their confidence in it (5b.4). Doctors were
able to help them by asking questions relating theory
to practice (5b.5).


5c Clinical skills


Respondents acquired clinical skills through acting
(4b.1). Practitioners could help by �throwing them in
at the deep end� (5c.1), training, supervising, giving


feedback, expecting them to achieve quotas of skills,
and ensuring they had opportunities to do so (5c.2).
Developing clinical skills built respondents’ levels of
confidence and motivation and enhanced their sense
of both reward and identity, which in turn made it
easier to participate.


DISCUSSION


Principal findings


Figure 1 assembles the findings into a model of
�experience-based learning�. In addition to the
knowledge and skills of medical practice, students
need to acquire confidence and a sense of profes-
sional identity and sustain their motivation. Those
various learning outcomes are attained together in a
complex amalgam. Attaining them reinforces the
learning process, and failing to acquire them weakens
it. The educational climate and behaviour of indi-
vidual practitioners – nurses as well as doctors – has
great power to enable or disable workplace partici-
pation that brings students closer to their ultimate
goal of helping patients. As they progress through the
curriculum, the outcomes students achieve and the
activities through which they achieve them became
closer to those involved in the role of a practitioner.
An effective workplace teacher is someone who can
simultaneously support students and challenge them
in a way that builds practical competence and a
positive state of mind.


Strengths and weaknesses of the study


One of the study’s strengths is the coherence of the
model that results from subjecting the narratives to
lengthy and detailed grounded theory analysis by a
deliberately mixed team of researchers, teasing out
interactions between process and outcome and
systematically seeking coherence and incoherence in
the data. A second strength is the potential for
generalisability that results from asking students to
narrate experiences spanning hospital wards, outpa-
tient clinics, primary care, and other settings. A third
strength is the combination of observational research
with experimental strengthening of students’
experiences. Although the sample of narratives was
sufficient to achieve theoretical saturation, our stu-
dents all came from 1 medical school and might not
be representative of students elsewhere. For example,
our curriculum was not vertically integrated when
this research was carried out. The balance and timing
of practical and emotional competences might have
been different if participants had been exposed to
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early practical experience,15 and the applicability of
our findings to a traditional curriculum cannot be
taken for granted. Our model assumes that students,
as in Manchester, enter the clinical workplace having
had basic training in a clinical skills laboratory.


Although our synthesis is novel, it is consistent with
previous research into clinical teaching and learn-
ing, which is spread across a large number of
publications reviewed elsewhere.8 That students
quickly become bored if they remain as passive
observers for too long has been described,16,17 as
has the fact that the more actively they are involved
and the closer their involvement comes to caring
for patients, the more highly they value it.18–21


Students’ discomfort at the harm they and their
teachers can do to patients creates a tension
between their feelings of empathy and the need to
acculturate to their new professional identity.22,23


The highs of forming collegial relationships with
practitioners and their clinical teams in a �teach-
ing)learning alliance� and the lows of being taught
by humiliation are well documented, although the
dominant place of nurses in students’ workplace
experiences has received less attention.19)21,24


According to a �relational� model of education, the
teacher)learner relationship is important in just
the same way as the doctor)patient relationship,
and teachers can use it to good effect if they


couple challenge with support.25 The emotionally
charged nature of clinical learning is well reported,
particularly in relation to stress at times of trans-
ition. The constructive place of positive emotions26


is now receiving more attention, particularly in
research into the effect of educational climate.27–29


Meaning of the study


Our findings fit well with contemporary social
theories of learning, according to which expertise is
not simply a property that passes from teacher to
learner, but a dynamic commodity that resides
within communities of practice; learning, according
to the theory, is a process of absorbing and being
absorbed into the culture of such a community.30–33


Developing a professional identity is so fundamen-
tal to the process of becoming a doctor34 that
having to be credible in the eyes of practitioners
causes young medical students more stress than
encountering illness and death.35 Stress levels peak
when students first start learning in workplaces
because they become acutely aware of their own
incompetence and unimportance beside the prac-
titioners they strive to emulate.36–39 They feel
discomfort as they �try on� new professional identi-
ties that fit more or less well.36 Their individuality
can find expression through seeking out practi-
tioner role models, developing relationships with
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Figure 1 Progression from medical student to doctor through participation in practice: an experience-based learning model
of how a medical student becomes a doctor. The model considers the context, process and outcome of clinical workplace
learning. The central condition for learning is supported participation in practice to a level that is appropriate to the student’s
stage of education. By participating, learners develop competences and an appropriate state of mind. Greater competence
leads to a more positive state of mind and vice versa. Developing competence and a positive state of mind makes it easier for
learners to participate, but the ability to participate is strongly modulated by the behaviour of people the learner meets in the
workplace, whether their experience is diluted by being part of a large group, and whether what they should learn is made
clear. The cycle can be virtuous (learning begets learning) or vicious.
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them, and negotiating the right to participate in
their practice.19,40 Thus, relationships between
practitioners and learners can both facilitate learn-
ing and generate high emotions. Learning medi-
cine as a process of social enculturation has been
very thoroughly explored in the important partici-
pant)observer research of Sinclair,41 albeit in a
more traditional system of teaching and learning
than ours.


Unanswered questions and future research


We suggest research to explore how curricula can
more explicitly acknowledge the emotional dimen-
sion of workplace learning and help learners and
teachers learn reflectively from the significant
events that arise there. Curriculum leaders and
individual teachers need to identify ways of helping
students participate in workplace activities appro-
priate to their stage of training. �Task-based learn-
ing� is such a pedagogy, whose place in
contemporary medical education needs to be more
thoroughly explored.42 As the education of doctors,
nurses, and allied professionals responds to con-
flicting pressures to make graduates more fit for
practice, strengthen the academic content of curri-
cula, increase the output of health professionals,
and treat large numbers of patients,43 studies
comparing the basic education of different health
professionals would be informative. The contribu-
tion of trained nurses to the climate of basic
medical education also seems to need further
investigation. The model depicted in Fig. 1 needs to
be turned into an instructional method, taught to
learners and practitioners, field-tested, and evalu-
ated. Finally, as argued in a recent review, �the
compelling, but, to date, merely intuitive, model of
progressive independence in training� on which
clinical education has been based for the last
century needs to be subjected to good empirical
research if it is not �to be lost in an unreflective
attempt to ensure efficient health care, quality of
care and patient safety in the short term�.44
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Research Report


Medical education in the United 
States needs a fundamental redesign,1 
yet disruptive innovation can be 
fraught with uncertainty.2 The authors 
of a recent seminal article on medical 
education, commissioned by the 
Carnegie Foundation to commemorate 
the centennial of the Flexner Report, 
suggested that “ossified curricular 
structures” and “archaic assessment 


practices” are challenges to institutions 
seeking to enact meaningful curricular 
reform.3 As medical schools undergo 
curricular revisions that break down 
the traditional 2 + 2 (two-year basic 
science, two-year clinical) paradigm, 
questions have arisen concerning the 
optimal timing for students to take Step 
1 of the United States Medical Licensing 
Examination (USMLE).


Historically, students have taken Step 
1 immediately following completion 
of their basic science curricula.4 The 
majority of U.S. allopathic medical 
schools require students to pass this 
examination before advancing to clinical 
training.5 A small but growing number 
of schools, however, have changed the 
timing of Step 1 to take place after 
students complete the core clerkships.6 
This change can facilitate earlier entry 
into clinical environments and allow for 
increased innovation surrounding health 
systems science and other nonbasic 
science curricula in the preclinical 
time frame. Furthermore, the change 
may promote longer-term retention 
of foundational concepts, by using a 


national standardized assessment (i.e., 
USMLE) to encourage integrated basic 
science learning in clinical contexts. 
Repositioning the Step 1 examination 
may also help promote the development 
of clinicians with stronger foundational 
knowledge by using the motivation of 
assessment to drive learning.6,7


Given the role Step 1 scores can play 
in determining residency placements, 
administrators, faculty, and students 
are hesitant to embrace a change in its 
timing in the curriculum in the absence 
of clear outcomes data. At a minimum, 
institutions contemplating a change 
in the placement of Step 1 within the 
curriculum would want to know that 
moving the examination after clerkships 
will not adversely affect their students’ 
performance (i.e., the change is, at a 
minimum, “noninferior” to placement 
before the clerkships). In a previous 
article, Daniel et al6 describe modest 
but promising gains in Step 1 scores 
when the examination is taken after 
core clerkships. The data, however, were 
reported in aggregate without controlling 
for potential confounders, such as 


Abstract


Purpose
Schools undergoing curricular reform are 
reconsidering the optimal timing of Step 
1. This study provides a psychometric 
investigation of the impact on United 
States Medical Licensing Examination 
Step 1 scores of changing the timing of 
Step 1 from after completion of the basic 
science curricula to after core clerkships.


Method
Data from four schools that recently 
moved the examination were analyzed in 
a pre–post format using examinee scores 
from three years before and after the 
change. The sample included scores from 
2008 through 2016. Several confounders 


were addressed, including rising national 
scores and potential differences in 
cohort abilities using deviation scores 
and analysis of covariance (ANCOVA) 
controlling for Medical College 
Admission Test (MCAT) scores. A 
resampling procedure compared study 
schools’ score changes versus similar 
schools’ in the same time period.


Results
The ANCOVA indicated postchange 
Step 1 scores were higher compared with 
prechange (adjusted difference = 2.67; 
95% confidence interval: 1.50–3.83, 
P < .001; effect size = 0.14) after 
adjusting for MCAT scores and rising 


national averages. The average score 
increase in study schools was larger than 
changes seen in similar schools. Failure 
rates also decreased from 2.87% (n = 48) 
pre change to 0.39% (n = 6) post change 
(P < .001).


Conclusions
Results suggest moving Step 1 after 
core clerkships yielded a small increase 
in scores and a reduction in failure 
rates. Although these small increases 
are unlikely to represent meaningful 
knowledge gains, this demonstration 
of “noninferiority” may allow schools 
to implement significant curricular 
reforms.
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nationally rising Step 1 scores. To date, 
a strong psychometric investigation into 
the effects of delaying Step 1 has not been 
conducted. The objective of this study 
was to determine the effect of changing 
the timing of Step 1 in the curriculum 
on Step 1 scores, using data from four 
schools that moved the examination after 
core clerkships.


Method


Sample


We examined the change in Step 1 scores 
at four Liaison Committee on Medical 
Education (LCME)-accredited schools 
cited by Daniel et al6 where students 
currently sit for USMLE Step 1 after 
core clerkships. These four schools were 
chosen because they had recently moved 


the exam and had an adequate number 
of years of data post change to evaluate. 
The other schools cited by Daniel et al6 
either moved the exam several years ago 
or did not yet have enough data post 
change to study. Data three years prior 
to and three years after changing the 
timing of Step 1 were examined for each 
school, with the exception of one school 
that changed the timing of Step 1 in 
2015, and thus only had two years of data 
post change (i.e., 2015 and 2016). The 
study sample included students within 
each school who took the test between 
2008 and 2016. Our aim was to establish 
a baseline of performance without 
exceeding a reasonable time frame for 
comparison. Table 1 details the curricular 
and assessment characteristics of these 
four schools.


Across all four schools, the sample of 
students who first attempted USMLE 
Step 1 within the three years prior to 
the curricular change contained 1,668 
examinees. The sample within the 
three years after the change contained 
1,529 examinees. These two groups of 
examinees had similar demographic 
characteristics with regard to age, gender, 
and self-reported ethnicity. Medical 
Science Training Program students 
(N = 209) were removed from the 
analysis because these students had taken 
Step 1 prior to clerkships.


Analyses


All analyses were conducted on Step 1 
scaled scores. Scaled scores are equated, 
a statistical process that maintains 
comparability of scores across time, 


Table 1
Curricular and Assessment Characteristics of Four Schools Included in a Study of the 
Effects of Moving the United States Medical Licensing Examination Step 1 From After 
Basic Science Curricula to After Core Clerkships


 School 1 School 2 School 3 School 4


Class size 120/year 172/year 100/year 170/year
Year Step 1 moved after 
clerkships


2013 2014 2015 2012


Length of preclerkship 
(foundational science) 
curriculum before change


76 weeks 75 weeks 76 weeks 80 weeks


Length of preclerkship 
(foundational science) 
curriculum after change


60 weeks 57 weeks 49 weeks 57 weeks


Details of the new preclerkship 
curriculum


 


•   Single pass •  Single pass •  Single pass •  Single pass


•  Normal taught 
simultaneously with 
abnormal


•  Normal taught  
simultaneously with 
abnormal


•  Normal taught 
simultaneously with 
abnormal


•  Normal taught 
simultaneously with 
abnormal


Details of the new preclerkship 
assessment structure


 


•  Pass / fail


•  Faculty developed


•  Essay and MCQ exams at 
the end of each module


•  No NBME exams


•  No cumulative exam


•  Honors / pass / fail


•  Faculty-developed MCQs 
supplement the NBME exams


•  Customized NBME exams 
used for each module, and 
on midterms and finals


•  No cumulative exam 


•  Pass / fail


•  Faculty developed


•  Essay, short answer and 
laboratory practical exams 
at the end of each course


•  Customized NBME exams 
used in each course


•  No cumulative exam


•  Pass / fail


•  Faculty-developed 
MCQ exams at the 
end of each module


•  No NBME exams


•  No cumulative exam


 


Details of new science 
integration in the clerkships


 


 


 


•  Two 1-week science 
intensives


•  Online basic and clinical 
integrated modules


•  One 4-week “selective” 
that integrates basic 
science and clinical 
medicine 


•  Spaced education


•  Distance learning


•  Small-group discussions


•  Journal clubs


•  1-week intensive science 
review


•  6 interspersed daylong 
science sessions


 


•  Clerkship-specific basic 
science and clinical 
medicine integration


 


Length of Step 1 study period 
pre move


6–8 weeks 6 weeksa 6 weeksa 6–7 weeks


Length of Step 1 study period 
post move


5–6 weeksa 6 weeksa 6 weeksa 8 weeksa


 Abbreviations: Step 1 indicates United States Medical Licensing Examination Step 1; MCQ, multiple-choice 
question; NBME, National Board of Medical Examiners.


 aMore if vacation time is used.
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allowing scores to be meaningfully 
aggregated across years. Prior to 
conducting statistical analyses examining 
pre–post differences, we addressed several 
potential confounding factors to better 
isolate the impact of changing the timing 
of Step 1, and to aid interpretation of 
the results. Specifically, we accounted 
for rising Step 1 scores nationally, 
adjusted for different initial years of 
implementation, and controlled for 
potential differences in cohort ability. We 
also sought to understand how the scores 
of examinees in our sample compared 
with students’ scores at similar schools in 
the same time periods. Here we describe 
in detail how each of these issues was 
addressed.


Rising Step 1 scores nationally. Across 
the time frame of this study, scores on 
Step 1 increased nationally (Supplemental 
Digital Appendix 1, available at http://
links.lww.com/ACADMED/A600). The 
equating process helps ensure that this 
increase reflects an increase in examinee 
ability across time. However, as noted 
by Daniel et al,6 this increase in ability 
presents a confounding factor, as it would 
potentially inflate comparisons of Step 
1 scores if this generic increase were 
conflated with gains related to changing 
the timing of Step 1 in the curriculum. 
To isolate ability increases resulting from 
the timing change as best as possible, we 
first computed the deviation between 
each school’s average Step 1 score and 
the national average for each year. For 
this adjustment, the national average 
was computed as the mean performance 
for first-time Step 1 test takers from 
U.S. and Canadian medical schools 
within the given year, excluding the four 
study schools. This process accounts 
for the average gain seen across U.S. 
and Canadian schools when comparing 
scores across time by setting the average 
year-to-year growth of these schools to 
zero. For example, if a cohort from one 
of the study schools performed four 
points higher than the previous cohort, 
but the national average also increased 
by four points during the same time, 
the change in deviations would equal 
zero. Therefore, a positive increase in the 
deviation score indicates that the school’s 
scores improved at a greater rate than 
the national average and would provide 
evidence that the Step 1 timing change 
could have had a greater impact on scores 
than the typical year-to-year changes 
occurring across schools.


Different initial years of 
implementation. After computing 
deviation scores for the study schools 
within each available year, the data were 
aggregated across the four schools by 
cohort relative to the exam timing change 
(three years prior, two years prior, etc.) 
because schools implemented the change 
during different years. This allowed the 
data from different schools to be pooled 
together in a meaningful manner despite 
the different implementation years. Step 
1 scale scores for the studied years were 
equated and thus could be compared 
across time.


Potential differences in cohort ability. 
In addition to controlling for steadily 
increasing national scores on Step 1, 
this study used incoming individual 
student Medical College Admission Test 
(MCAT) scores as a covariate to control 
for potential differences among the initial 
test-taking ability of each cohort involved 
in this study. For this, we used analysis 
of covariance (ANCOVA) with deviation 
scores as the dependent variable and 
pre–post change as the independent 
factor. The ANCOVA helped ensure that 
potential differences we would attribute 
to the curricular change were not arising 
from an increase in the initial ability of 
students admitted to these schools over 
time. For instance, if the cohorts after 
the curricular change had happened to 
have higher initial ability, as measured 
by MCAT scores, we may have falsely 
attributed a difference in Step 1 scores 
to the curricular change rather than the 
disparity of cohort ability. In essence, 
the ANCOVA creates a level baseline for 
comparison in terms of initial knowledge.


Comparison with similar schools. 
Another comparison of interest was how 
scores increased in the study schools 
compared with similar schools in the 
same time periods. To address this 
question, we employed a resampling 
procedure to create a distribution of 
change score from similar schools 
that were not included in the study 
group. This process involved randomly 
matching each of the four examinee 
cohorts used in our study schools to an 
LCME-accredited school from a subset 
of schools with similar incoming MCAT 
scores during the year of the Step 1 timing 
change and deriving the average gain 
score estimate that aligned with the one 
computed in this study (see Supplemental 
Digital Appendix 2 at http://links.lww.


com/ACADMED/A600 for additional 
description of the procedure). This 
process was replicated with replacement 
200,000 times to construct a distribution 
of gain scores for various combinations 
of the matched schools from the subset 
of schools with similar MCAT scores. 
This distribution can be used to make 
statements regarding the likelihood that 
we would observe a particular increase 
from any random assortment of four 
other schools with similar MCAT scores 
had they been sampled from the same 
period as the cohorts in our study. All data 
analyses in this study were conducted via 
R 3.4.0 (R Foundation, Vienna, Austria).


Results


Step 1 descriptive statistics are 
presented in Table 2. In the first year of 
implementation, Step 1 scores increased 
by an average of 6.83 scaled score 
points compared with the year prior 
to implementation, a similar value to 
the estimate provided by Daniel et al.6 
However, as this metric of growth is 
confounded with the general trend of 
increasing Step 1 scores nationally, it is 
more appropriate to interpret growth 
relative to the difference from the 
national average. This adjusted metric 
indicates that Step 1 scores increased 
by 4.09 scale score points relative to the 
national average for the first cohort after 
implementation, and by an average of 
2.78 score points when comparing the 
three years pre change to the three years 
post change.


Table 2 shows that Step 1 failure rates in 
the study schools decreased from 2.71% 
(n = 15) to 0.74% (n = 4) for the first 
cohort implementation. The average fail 
rate decreased from 2.87% (n = 48) pre 
change to 0.39% (n = 6) post change. 
Fisher exact test indicates that the decrease 
of 2.48% was statistically significant (P < 
.001).8 The 95% confidence interval (CI) 
for the difference between fail rates using 
Newcombe’s9 recommended method was 
−3.43% to −1.65%.


Figure 1 displays the mean difference from 
the national average by cohort, along with 
the 95% CI for each mean. The figure 
shows that the score increase between 
the cohort prior to the change and the 
cohort immediately after is considerable, 
with no overlap among the error bars.10 
The study schools were trending toward 
the national average in each of the two 
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cohorts prior to the change in Step 1 
timing. The subsequent two cohorts after 
implementation of the change showed 
an increase in scores after accounting for 
national averages, before a slight regression 
back toward the national average for the 
third cohort after implementation.


Results of the ANCOVA, including 
all six years of data, showed that after 
controlling for MCAT scores, students 


in the cohorts following the timing 
change (adjusted mean = 7.89, standard 
error = 0.41) performed significantly 
better on Step 1 relative to the national 
average than students in the cohorts prior 
to the change (adjusted mean = 5.23, 
standard error = 0.43) by an average 
of 2.66 points (95% CI: 1.50–3.83; 
F


(1,3116)
 = 20.10, P < .001). Computing a 


standardized mean difference effect size 
from the covariate adjusted data11 yielded 


an effect size of 0.14. This value indicates 
that the postchange group scored 0.14 
standard deviations above the prechange 
group after accounting for differences 
in MCAT scores, and represents a 
small-to-negligible effect according to 
conventional guidelines.12


Figure 2 shows the density distribution 
created by 200,000 replications in our 
resampling procedure. The average score 
gain was 0.88, with a standard deviation 
of 1.58. The distribution appears rather 
normally distributed, with perhaps 
a slight positive skew toward more 
extreme increases in Step 1 scores. Across 
our randomly drawn samples of four 
schools, 99.92% (n = 199,845) fell below 
the average gain for the study schools. 
In other words, only about 8 in every 
10,000 sampled sets of schools had an 
average score gain of 6.83 or above in our 
resampling procedure.


Discussion


The primary reasons for moving Step 
1 included facilitating earlier entry 
into clinical environments, promoting 
integrated basic science learning 
in clinical contexts, and enhancing 


Table 2
Descriptive Statistics, Aggregated Across Four Study Schools, Relative to 
Implementation of a Curricular Change to Administer the United States Medical 
Licensing Examination Step 1 After Core Clerkships


Cohort relative to  
implementationa


No. of 
students


Step 1 score, 
mean (SD)


Mean difference 
from national 


average, (SD 
difference score) Fail rate


−3 548 230.09 (20.94) 6.38 (20.84) 3.83%
−2 566 229.75 (19.79) 5.08 (20.04) 2.12%


−1 554 230.03 (19.71) 3.61 (20.25) 2.71%


1 538 236.86 (17.44) 7.70 (17.63) 0.74%


2 536 238.36 (17.09) 8.89 (17.09) 0.19%


3 455 236.25 (17.00) 6.64 (16.95) 0.22%


 aThe −3 cohort represents three years prior to exam timing requirement change, −2 represents two years prior, 
and so forth. Cohorts took the Step 1 exam between 2008 and 2016.


Figure 1 Mean difference from the national average United States Medical Licensing Examination Step 1 score by cohort, along with the 95% confidence 
interval for each mean. Step 1 scores from four schools that changed the timing of Step 1 from after basic science curricula to after core clerkships were 
included. For each cohort, scores were examined three years pre change and three years post change. Scores from 2008 to 2016 were used.
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foundational science retention. We were 
optimistic that, at a minimum, delaying 
Step 1 would not negatively impact scores, 
particularly as the USMLE program has 
moved to incorporate more clinically 
oriented vignettes on Step 1.13 The results 
of our analyses indicated a small but 
statistically significant increase in scores 
for cohorts after the timing change when 
controlling for rising national averages 
and differences in cohorts’ MCAT scores. 
The degree of this increase was larger than 
typically seen among schools with similar 
MCAT scores in the same time period. 
We also observed a statistically significant 
decrease in failure rates after the timing 
change.


Medical schools want their students 
to become licensed physicians, so any 
reduction in Step 1 failure rates would be 
embraced by learners and institutions. 
The manner in which a Step 1 failure 
could be detrimental to a student’s 
residency match success is another 
reason that reduction in Step 1 failure 
rates would be desirable. Given the 
small number of overall failures in our 
intervention schools, this trend, although 
promising, is not large enough to draw 
conclusions.


In terms of score increases, although 
the aggregate increase of 6.83 was 
statistically significant, the magnitude 
of gain was small relative to the Step 1 


score scale, and may be negligible at the 
individual level. For example, the 6.83 
value falls slightly above the standard 
error of measurement of Step 1 scores 
(5 score points) and within the standard 
error of the difference (8 score points).14 
Therefore, we caution against interpreting 
these changes as educationally 
meaningful, as small changes in scale 
scores are unlikely to represent important 
differences in foundational knowledge or 
ability to deliver clinical care.


Notably, we were able to demonstrate 
“noninferiority” for the change in Step 1 
timing (i.e., the change in Step 1 timing 
is not worse than the comparator of 
Step 1 pre clerkships). For institutions 
undergoing curricular reform, trying to 
diverge from the traditional 2 + 2 model, 
this finding could provide guidance for 
both faculty and administrators. The 
four institutions in this study, on average, 
shortened their preclerkship basic science 
curricula by 21 weeks without observing 
degradation in Step 1 scores. Given the 
increased emphasis on early clinical 
exposure,15,16 meaningful learning from 
patients in clinical contexts,17 and vertical 
integration,18 this noninferiority finding 
may be considered critically important.


Limitations


Some important limitations of this 
study must be considered. The change 
in Step 1 timing may be difficult to 


disentangle from other curricular changes 
implemented during this time frame, 
including the potential for different 
emphasis placed on Step 1 preparation 
at the selected schools. These factors 
could have potentially influenced learner 
scores. Notably, these institutions all 
made curricular revisions that increased 
emphasis on basic science-related content 
during the core clerkships, and one 
school increased the time allotted for Step 
1 preparation (Table 1). We would not 
recommend changing the timing of the 
exam without making other structural 
changes to curricula to reinforce 
basic science learning. Nor would we 
recommend changing the timing of 
Step 1 in curricula that maintain the 
traditional 2 + 2 structure, as this could 
place the examination too close to the 
submission of residency applications, 
and perhaps delay an institution’s ability 
to determine a student’s potential to be 
successfully licensed.


Other factors may have influenced 
examinee scores. Figure 1 shows a slight 
decrease relative to the national average 
in the third cohort after implementation. 
This may represent typical year-to-year 
variation, or it may indicate a trend 
back toward typical performance. As 
mentioned, the implementation of a 
curricular change may have consciously 
or subconsciously increased attention, 
resources, and effort on Step 1 
preparation by faculty and/or students, 
producing higher scores initially. If the 
novelty of the change wears off, scores 
might regress back to typical levels.


Of note, three of the four schools 
examined in this study tended to score 
historically above average relative to 
other schools’ Step 1 scores, with lower 
overall fail rates. They also share other 
characteristics that may not generalize 
well to the total population of LCME-
accredited medical schools. Thus, we 
are limited in our ability to make claims 
regarding the generalizability of a Step 
1 timing change, particularly regarding 
how it would impact schools that tend to 
have lower Step 1 scores, as also discussed 
in Daniel et al.6


Conclusions and future directions


Among the schools studied, our analyses 
provide evidence that a change in the 
timing of Step 1 in the curriculum 
did not negatively affect performance, 
supporting the goal of noninferiority 


Figure 2 Density distribution of United States Medical Licensing Examination Step 1 score 
changes from a resampling procedure using 200,000 replications. Cohorts taking Step 1 at four 
study schools after the timing of Step 1 was changed from after basic science curricula to after 
core clerkships were randomly matched to a Liaison Committee on Medical Education–accredited 
school from a subset of similar schools. See Supplemental Digital Appendix 2 at http://links.lww.
com/ACADMED/A600 for additional description of the resampling procedure.
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put forth by Daniel et al.6 This result 
may encourage other institutions to 
consider similar curricular innovations 
that integrate the scientific principles 
necessary for the practice of medicine 
with students’ relevant clinical 
training. The schools in this study have 
demonstrated that preparing students 
for a required licensure exam is not 
a hindrance to curricular reform and 
medical education innovation. The 
findings also highlight several areas for 
further study.


Further research is needed to evaluate 
other criteria put forth as potential benefits 
of delaying Step 1, including increased 
retention of basic science concepts later in 
students’ academic careers. Prior studies by 
the National Board of Medical Examiners 
(NBME) have shown that retention of 
basic science information typically declines 
over time.19,20 A physician workforce with 
knowledge of basic sciences is vital to 
advance health care in the 21st century, 
and our current state of frontloading basic 
science content without spaced integration 
and reinforcement is ineffective. Future 
studies may investigate basic science 
retention by examining performance on 
basic science items on the USMLE Step 
2 Clinical Knowledge (CK) and Step 3 
exams.


Future investigations may also wish to 
evaluate the impact of curricular change 
and USMLE timing on student wellness 
and burnout. Students matriculate 
in medical school with lower rates of 
burnout and depression and better 
quality-of-life indicators than the general 
population, yet they have worse measures 
in the end.21,22 We are interested in 
exploring the effects of altering the timing 
of USMLE Step 1 on student stress levels.


There may be other important 
consequences associated with a change 
in Step 1 timing. For example, the 
later timing of Step 1 may impair 
early identification of learners who 
struggle on Step 1. Learners who have 
not consolidated their basic science 
knowledge may experience challenges 
with clerkship knowledge acquisition and 
performance on NBME clinical subject 
“shelf” exams. Step 2 CK scores may 
also be affected, as most students will be 
farther removed from the core clerkships 
when they take the exam, although the 
recency of reviewing for Step 1 may 
balance this effect.


In sum, USMLE Step 1 scores showed 
small but statistically significant increases, 
and the failure rates significantly 
decreased at our study schools. Given 
the standard error of Step 1 scores, 
these findings may not be educationally 
meaningful; however, we are gaining 
confidence that moving Step 1 after core 
clerkships is noninferior to taking the 
examination pre clerkships, a liberating 
finding for educators at peer institutions 
looking to implement curricular reform.
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Perspective


Historically, students have taken United 
States Medical Licensing Examination 
(USMLE) Step 1 before starting their 
clerkships. An increasing number of 
medical schools have changed the timing 
of the USMLE Step 1 exam to the period 
immediately after the core clerkships 
(Table 1). This change has typically been 
made in association with other curricular and 
assessment revisions that include shortening 
the preclerkship phase and the deliberate 
integration of clinical, basic, and health system 
sciences from day one of medical school.1


Context


In two prior articles, we detailed our 
reasons for postponing the Step 1 exam  


at our home institutions. In brief, 
by doing so we aimed to foster the 
integration of the basic and clinical 
sciences, in part by leveraging a major 
national assessment to drive study 
behaviors during clerkships; prepare 
learners for the increasingly clinical 
focus of Step 1; facilitate earlier entry 
into clinical environments; and allow 
room for other curricular innovations 
in the preclerkship time period to 
support the triple aim of quality health 
care (improving the patient experience, 
improving the health of populations, 
and lowering the cost of care).1,2 When 
altering the timing of Step 1, our schools 
all significantly shortened preclerkship 
curricula, added more health systems 
science content, and transitioned to more 
integrated organ system blocks following 
the strategic priorities set out in recent 
major medical education reports.3,4 The 
details of these curricular and assessment 
changes can be found in Table 2.


A recent study demonstrated small but 
statistically significant increases in Step 
1 scores at four schools (an average of 
2.78 scaled score points after accounting 
for rising national Step 1 scores) and 
decreased first-time failure rates (a 
2.48% reduction) when the Step 1 exam 
was positioned after core clerkships.2 


This study provides early evidence that 
delaying the timing of Step 1 does not 
negatively affect USMLE scores, and 
suggests that there may be other desired 
outcomes. We previously argued that 
postponing the timing of Step 1 may 
provide certain pedagogical advantages1; 
however, there are also some potential 
challenges and unintended consequences 
that need to be anticipated and 
proactively addressed. In this article, we 
share our experiences as key educational 
leaders from five schools—Columbia 
Vagelos College of Physicians and 
Surgeons, University of Michigan 
School of Medicine, NYU School of 
Medicine, Uniformed Services University 
of the Health Sciences (USUHS), 
and Vanderbilt University School of 
Medicine—that have repositioned Step 
1 after the core clerkships and offer 
strategies for mitigating six challenges 
associated with this shift. These are 
student preparedness for the clerkships—
particularly without the Step 1–mediated 
consolidation and review of the basic 
sciences; the risk that weaker students will 
not be identified and provided with early, 
interventional academic support; the risk 
of decreased performance on clerkship 
or clinical shelf exams; extension of Step 1 
study time; the potential for increased 
student anxiety about residency choices 
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Abstract


An increasing number of medical schools 
have moved away from traditional 2 + 2 
curricular structures toward curricula 
that intentionally integrate basic, clinical, 
and health systems science, with the 
goal of graduating physicians who 
consistently apply their foundational 
knowledge to clinical practice to improve 
the care of patients and populations. 
These curricular reforms often include a 
shortened preclerkship phase with earlier 
introduction of learners into clinical 
environments. This has led schools to 
reconsider the optimal timing of United 
States Medical Licensing Examination 


Step 1. A number of schools have shifted 
the exam to the period immediately after 
core clerkships. Although this shift can 
provide pedagogical advantages, there 
are potential challenges that must be 
anticipated and proactively addressed. 
As more institutions consider making 
this change, key educational leaders 
from five schools that repositioned the 
Step 1 exam after core clerkships share 
strategies for mitigating some of the 
potential challenges associated with 
this approach. The authors describe six 
possible challenges: lack of readiness 
without consolidation of basic science 


knowledge prior to clerkships; risk that 
weaker students will not be identified 
and provided academic support 
early; clerkship or clinical shelf exam 
performance weaknesses; extension of 
Step 1 study time; an increase in student 
anxiety about residency specialty choices; 
and/or a reduced time frame to take 
and pass board exams. These potential 
challenges may be addressed using three 
main strategies: effective communication 
with all stakeholders; curricular design 
and assessments that facilitate integration 
of basic and clinical sciences; and 
proactive student coaching and advising.
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and opportunities; and a reduced time 
frame to take and pass licensing exams.


Challenges and Approaches


Concern that students will not be 
sufficiently prepared for clinical 
clerkships without the benefit of the 
Step 1 study period to help consolidate 
knowledge


The challenge. Studying for the Step 1 
exam requires students to revisit basic 
science concepts and facilitates the 
integration of basic and clinical sciences. 
In a traditional 2 + 2 curriculum where 
the first year covers normal processes and 
the second year focuses on the abnormal, 
this study period has been an important 
opportunity for students to integrate the 
two years of material. Moving the exam, 
and therefore the study period, to follow the 
clerkships can be a source of concern for 
faculty who worry that students will arrive 
to the clerkships less prepared to apply their 
fund of knowledge to clinical care.


An approach. In addition to 
repositioning the Step 1 exam, all 
of our schools instituted curricular 


modifications aimed at fostering more 
deliberate integration of basic and 
clinical sciences, including the concurrent 
presentation of normal and abnormal 
processes in the preclerkship phase. 
We believe that this allows students to 
apply their emerging knowledge of basic 
science to patient care earlier and more 
consistently5 and may reduce reliance 
on the traditional preclerkship Step 1 
study period for this form of knowledge 
consolidation and integration. Our 
revised curricula also focused more on 
pedagogies that foster deep, enduring 
learning, including team-, case-, 
and problem-based methods. These 
pedagogies encourage students to take 
time to think, learn, and apply knowledge 
rather than emphasizing the recall of 
facts. Time to thoughtfully analyze 
problems is not always immediately 
available in the midst of a busy clinic 
or on ward rounds. Thus, students may 
experience a steeper initial adjustment 
period to the on-the-spot questions 
typically encountered on clerkships 
that focus on rapid recall. Proactive, 
clear, and consistent communication 
explaining both the new curriculum and 
the rationale for altering the timing of 


Step 1 is key to addressing the concerns 
of frontline faculty and students about 
preparedness. Any innovation that 
disrupts the informal student-to-student 
and resident-to-student grapevine 
can increase student anxiety. Thus, 
communicating the change to senior 
students and residents is also critical 
because they are trusted sources of 
information for junior learners. The most 
intense communication should occur 
surrounding the transition, and then 
continue as part of onboarding as new 
residents and faculty arrive each year 
from other institutions.


A risk that weaker students will not 
be identified and provided academic 
support early in the medical school 
trajectory


The challenge. The Step 1 exam has 
traditionally been used as a gateway 
exam, with students not permitted to 
advance to clerkships until they have 
taken and passed it. Students who had 
difficulty in preparing and/or sitting for 
the exam were identified and provided 
with extra support. By moving Step 1 after 
clerkships, there is concern that students 
with weaker medical knowledge might 
escape early detection and therefore may 
be at risk of failing shelf exams or Step 1  
at a later time. Delayed identification 
of academic insufficiency could lead to 
a student’s decision to withdraw from 
medical school at a later stage of the 
medical training program, resulting in 
elevation of incurred financial cost.


An approach. An institution’s internal 
assessment measures are a useful means 
to identify students struggling to meet 
institutional competencies; however, they 
only partially align with a comprehensive 
external exam such as USMLE Step 1.  
The National Board of Medical 
Examiners’ (NBME’s) Comprehensive 
Basic Science Self-Assessment (CBSSA) 
or Comprehensive Basic Science Exam 
(CBSE) can be useful adjuncts to help 
identify and provide early support 
to students who might struggle on 
future NBME exams. The University of 
Michigan, for example, uses a passing 
threshold score of 50 for a CBSE 
administered just prior to clerkships, 
as this appears to correlate with future 
shelf exam failures. Learners who do 
not meet the threshold are required to 
meet with a learning specialist, develop 
a study plan, and take the CBSE again 


Table 1
List of Medical Schools That Have Moved the USMLE Step 1 Examination to After 
Core Clerkships as of 2018


Medical school Year moveda


Duke University School of Medicine 1992
Perelman School of Medicine at the University of Pennsylvania 2000


Baylor College of Medicine 2004


Columbia Vagelos College of Physicians and Surgeons 2013


NYU School of Medicine 2013


Uniformed Services University of the Health Sciences 2014


Vanderbilt University School of Medicine 2015


Florida International University Herbert Wertheim College of Medicine 2016


Western Michigan University Homer Stryker M.D. School of Medicine 2016


Frank H. Netter M.D. School of Medicine at Quinnipiac Universityb 2017


Harvard Medical School 2017


Weill Cornell Medical Collegec 2017


Dell Medical School at the University of Texas at Austin 2018


Stony Brook University School of Medicined 2018


University of Michigan Medical School 2018


Yale School of Medicine 2018


Pennsylvania State University College of Medicine 2019


University of Wisconsin School of Medicine and Public Health 2019


  Abbreviation: USMLE indicates United States Medical Licensing Examination.
 aAcademic year that the shift was made.
 bMade Step 1 a rotating clerkship block.
 cMade the timing of the exam up to the students: one-third of class in 2018 took it post clerkship.
 d100% of class planned for 2019.
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midway through clerkships. Michigan is 
now experimenting with using the CBSE 
as a progress test so that students can be 
made aware of their individual learning 
trajectories and struggling students can 
be identified and assisted earlier.6 Use of 
institutional progress tests or cumulative 
exams can also help avoid situations in 
which students might develop an illusion 


of competence,7 becoming overconfident 
in thinking that their performance 
on each medical school basic science 
exam is a stable representation of 
their fund of knowledge in that topic.8 
Once the new curricula and associated 
internal assessment measures are more 
established, institutions can reassess the 
need to use external exams such as the 


CBSE or CBSSA to help predict shelf 
exam and Step 1 performance.


NBME clinical shelf exam performance 
may decrease


The challenge. All five of our institutions 
have noted some shelf score performance 
decreases, particularly in the earliest 
clerkships and in those with the greatest 


Table 2
New Curricular and Assessment Characteristics of Five Schools Where the USMLE 
Step 1 Examination Has Been Moved to After Core Clerkshipsa


Characteristic School 1 School 2 School 3 School 4 School 5


Class size 120/year 172/year 100/year 140/year 170/year
Length of preclerkship 
curriculum


60 weeks 57 weeks 49 weeks 57 weeks 48 weeks


Length of M1 summer 9 weeks 6 weeks 4 weeks 11 weeks 6 weeks


Normal and abnormal 
(e.g., physiology and 
pathophysiology) are 
taught in integrated 
organ systems


Yes Yes Yes Yes Yes


Preclerkship grades Pass/fail Honors/pass/fail Pass/fail Pass/fail Pass/fail


Types of preclerkship 
knowledge assessments


Faculty-developed 
MCQs


Faculty-developed 
MCQs


Faculty-developed 
essay, short answer


Faculty-developed 
MCQs


Faculty-developed MCQs


Use of preclerkship 
NBME exams


None Customized basic 
science NBME exams 
as basis for midterm 
and final exams; 
CBSSA at start of 
Step 1 study period


Customized basic 
science NBME 
exams


None Customized basic 
science NBME exams; 
CBSE as progress test 
with passing threshold


Start of clerkships January of M2 January of M2 September of M2 January of M2 October of M2


Length of clerkship 
curriculum


48 weeks:


Jan–Dec


48 weeks:


Jan–Dec


41 weeks:


Sept–Aug


48 weeks:


Jan–Dec


48 weeks:


Oct–Sept


Science integration in 
the clerkships


One-week science 
intensives, online 
modules, four-week 
selectives


Spaced education, 
distance learning, 
small groups, journal 
clubs


One-week 
intensive, six 1-day 
basic science 
sessions


Clerkship-specific 
integration strategies


Weekly science half-day 
small-group sessions; 
four-week applied 
science clerkship


Clerkship NBME exams Clinical subject NBME 
exams (internal 
medicine, surgery, 
psychiatry, pediatrics, 
obstetrics–gynecology, 
and neurology)


Clinical subject 
NBME exams 
(internal medicine, 
surgery, psychiatry, 
pediatrics, family 
medicine, obstetrics–
gynecology, 
emergency medicine)


Clinical subject 
NBME exams 
(internal medicine, 
surgery, psychiatry, 
pediatrics, 
obstetrics–
gynecology, and 
neurology)


Clinical subject NBME 
exams (internal 
medicine, surgery, 
family medicine or 
adult ambulatory, 
psychiatry, pediatrics, 
obstetrics–gynecology, 
neurology)


Clinical subject NBME 
exams (internal 
medicine, surgery, family 
medicine, psychiatry, 
pediatrics, obstetrics–
gynecology) and  
faculty-developed MCQ 
exam (neurology)


Clerkship grades Honors/high pass/ 
pass/fail


Honors/pass/fail Pass/fail Honors/high pass/
pass/fail


Honors/high pass/pass/
fail


Contribution of clinical 
subject exam score to 
clerkship grade


10% for all clerkships 20%–33% 20% for all 
clerkships


Range 5%–15% Range 20%–40%


Step 1 study period 5–6 weeksb 6 weeksb 6 weeksb 8 weeksb 6–8 weeks


  Abbreviations: USMLE indicates United States Medical Licensing Examination; M1, medical school first year; 
MCQ, multiple-choice question; NBME, National Board of Medical Examiners; CBSE, comprehensive basic 
science exam; M2, medical school second year; CBSSA, comprehensive basic science self-assessment.


 aReproduced from Daniel M, Fleming A, Grochowski C, et al. Why not wait? Eight institutions share their 
experiences moving United States Medical Licensing Examination Step 1 after core clinical clerkships. Acad 
Med. 2017;92:1515–1524. https://journals.lww.com/academicmedicine/Fulltext/2017/11000/Why_Not_
Wait__Eight_Institutions_Share_Their.11.aspx. The five schools (in alphabetical order; does not correspond to 
the order of schools in the table) were Columbia Vagelos College of Physicians and Surgeons, University of 
Michigan School of Medicine, NYU School of Medicine, Uniformed Service University of the Health Sciences, 
and Vanderbilt University School of Medicine.1


 bMore if vacation time is used.



https://journals.lww.com/academicmedicine/Fulltext/2017/11000/Why_Not_Wait__Eight_Institutions_Share_Their.11.aspx

https://journals.lww.com/academicmedicine/Fulltext/2017/11000/Why_Not_Wait__Eight_Institutions_Share_Their.11.aspx
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breadth (e.g., internal medicine or 
family medicine).9 Weaker exam scores 
can contribute to clerkship failures and 
an overall impression that students are 
not as strong as they “used to be.” We 
hypothesize that shelf scores decline 
for several reasons. First, learners have 
had less total “time on task.” An early 
second-year student entering clerkships 
is very different from a late second- or 
early third-year student. Also, Step 1 
preparation prior to the clerkships 
provides students with an opportunity to 
consolidate their foundational knowledge 
and offers an additional pass through 
the material prior to clinical rotations. 
Finally, studying for and taking the Step 1  
exam may help learners develop the 
self-discipline and stamina needed to 
take long, timed, high-stakes, multiple-
choice exams and adjust to board-style 
questions.10


An approach. Practical measures can 
be taken to enhance the likelihood of 
student success on NBME shelf exams. 
First, students should be encouraged 
to consolidate knowledge throughout 
the preclerkship curriculum. Second, 
students need exposure to standardized 
or timed NBME-style exam testing 
before taking their first shelf exam. 
Three of our five schools use customized 
NBME basic science exams during the 
preclerkship phase (see Table 2). USUHS 
initially administered a formative 
CBSSA prior to the start of clerkships, 
but later eliminated it as it was learned 
that performance on the customized 
NBME basic science exams and faculty-
derived exams was equally predictive. The 
University of Michigan is considering 
switching from using the CBSE to the 
CBSSA, to provide students with more 
detailed formative feedback to guide 
studying during clerkships based on 
personal strengths and weaknesses.


Adjustments to the minimum passing 
standards on clerkship shelf exams may 
be needed. NYU adjusted its passing 
grades and lowered the shelf contribution 
to 10% of the clerkship grades across 
all clerkships. Vanderbilt transitioned 
from having grades (e.g., honors, high 
pass, pass, fail) to simple pass or fail in 
its clerkships. Institutional policies and 
procedures can be adjusted such that 
early and/or initial shelf failures are first 
recorded as an incomplete—giving the 
student a chance to remediate the exam 


before the grade is formally recorded as 
a failure on the student transcript. These 
changes may only be temporary, as the 
institution’s assessment systems adjust to 
better prepare students for shelf exams, or 
they may remain as part of the new norm, 
with institutional recognition that earlier 
learners may need different standards.


Potential to overextend the length of 
Step 1 exam preparation


The challenge.  Delaying timing of the 
Step 1 exam can allow students a bit 
more flexibility in the length of time 
they have to study because the shortened 
preclerkship curriculum places the exam 
within an expanded period of elective 
time in their third year. Thus, learners 
may delay the start of electives. Our 
collective experience has been that most 
students generally do not need to extend 
their study time despite the extended gap 
between the initial presentation of the 
essential basic science content and Step 
1. In fact, some students require less time 
to study. However, unless there is a fixed 
date by which students must embark 
on the remaining curriculum, there is 
the potential that they may to want to 
overextend their exam preparation. This 
flexibility can pose challenges for students 
who feel pressured to obtain high scores 
to match into competitive specialties or 
for learners struggling with test anxiety, 
who have a propensity to want to delay 
taking the exam. As students study and 
take practice tests that do not reflect 
the level they aspire to, they may start 
to reconsider their test date and move it 
further out to give them more time. The 
hazard is twofold: that they reach a point 
at which they are mentally tired, feel 
defeated, and continue to postpone; and 
that they are progressively further away 
from the first content that they studied. 
On the other hand, for students who have 
weaker funds of knowledge and/or who 
have difficulty with standardized tests, 
this additional flexibility can be helpful in 
allowing them some extra study time.


An approach. Providing students 
with academic support is especially 
important because some students may 
need additional guidance in navigating 
and designing their postclerkship review 
process. Deans, learning specialists, and 
those advising and coaching students 
need to be aware of and anticipate these 
unintended consequences to effectively 
and proactively mitigate their impacts. 


This includes providing students with 
a proper orientation and resources.11 
For example, schools might consider 
scheduling a Step 1 orientation session 
near the beginning of the clerkship 
year, to discuss how to study for Step 
1 during clerkships (e.g., through 
interleaving, spaced repetition of 
questions), what a prototypical study 
regimen/preparation timeline might look 
like, what supplementary resources are 
available, and how a baseline CBSSA or 
CBSE score can be used to help develop 
an individualized study strategy. As the 
clerkship year comes to a close, students 
can be provided with more specific 
guidelines as to how to organize their 
time or how and when to take a CBSSA to 
develop an individualized study strategy.


Doing this preemptively can help reduce 
student anxiety. Once upperclassmen gain 
experience with taking the Step 1 exam 
after clerkships, they are better poised 
to advise younger learners on strategies, 
and this can go a long way toward 
mitigating student anxiety about the 
repositioned exam. During the transition, 
it may be helpful to encourage students 
to communicate with students at other 
schools that have already moved the exam 
through the Organization of Student 
Representatives of the Association of 
American Medical Colleges.


Four schools (Columbia, USUHS, NYU, 
and Vanderbilt) have established Step 1 
deadlines by which students must take 
the exam. Case-by-case exceptions are 
sometimes made for students who are 
in crisis or for those who have CBSSA 
scores in the failing range. In such 
cases, students work with a learning 
specialist to improve studying practices. 
Some schools provide or recommend 
supplemental resources—to include the 
use of commercially or locally derived 
question banks, and customized academic 
coaching to help students determine their 
readiness to take and pass Step 1.


Some Step 1 preparation can take place 
during clerkships. This can be done 
through the use of spaced education (e.g., 
spaced repetition of questions relating to 
the basic sciences) by individual students 
and through the deliberate interleaving of 
basic sciences into the clerkship curricula, 
through didactics, grand rounds, journal 
clubs, and so forth.
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Increased student anxiety and/or 
potential for misguided specialty 
choices


The challenge.  Even though the Step 1  
exam was intended to ensure medical 
students’ basic competence, the reality 
is that the three-digit score is often used 
to differentiate cohorts of students by 
performance. As a result, beginning the 
clerkship year without the advantage of 
a Step 1 score can potentially increase 
students’ anxiety about whether their 
anticipated specialty choice is indeed 
a realistic option. Students who have 
already identified a specialty may end up 
expending emotional energy worrying 
over whether their Step 1 score will be 
high enough to ensure that they will 
be competitive. Some students may 
discover—at a relatively late point in 
time—that their Step 1 score simply 
makes the immediate pursuit of some 
of the most highly competitive career 
fields unrealistic. This thereby causes 
students to reevaluate their long-term 
career plans closer than when might have 
been anticipated to the national resident 
Match. The heightened focus on Step 1 
scores has become increasingly pervasive 
throughout graduate medical education, 
despite the fact that the Step 2 Clinical 
Knowledge (CK) score tends to have a 
much stronger correlation with students’ 
performance in residency.12 That said, 
the current timing of the Step 2 CK exam 
is such that scores are not consistently 
available to the programs during the 
selection process, which contributes to a 
greater emphasis placed on Step 1 scores.


An approach. Even with the later timing 
of the exam, Step 1 scores are generally 
available early enough in the third year 
to allow ample time to solidify residency 
preferences, create a parallel path or 
backup plan (if needed), and actively 
prepare for Step 2 exams. On the plus 
side, a delayed Step 1 exam has the 
benefit of allowing students to assess their 
interest in a particular specialty during 
clerkships without the added pressure 
of having to consider the impact of their 
Step 1 score. For students planning to 
pursue highly competitive specialties, 
they can benefit from knowing target 
goals for Step 1 performance to aim 
for. Medical College Admission Test 
scores, preclerkship performance, and 
shelf scores tend to correlate with Step 1 
scores, so although all students should be 
encouraged to pursue areas that reflect 


their professional passion, an element 
of pragmatic realism may need to be 
interjected into the aspirational process.


As additional data become available 
about learner performance on Step 
1 exams taken post clerkship, learner 
anxiety may actually be lessened and 
wellness enhanced, particularly if average 
scores modestly increase and failure 
rates decline. To date, it appears that 
scores have improved the most for the 
lowest-performing quartile of students, 
whereas the highest-performing quartile 
has encountered a ceiling effect.9 This is 
particularly welcome news for students 
who may struggle on Step 1. According 
to our students’ feedback to date, learners 
generally like the repositioned Step 1 
exam. Upperclassmen often tell more 
junior students that the experience of 
taking NBME shelf exams prepared them 
well for the Step 1 exam. In our collective 
experience, student anxiety is highest in 
the first year after the change, until the 
upperclassmen grapevine can provide 
reassurance and even encouragement 
about the new timing.


Reduced time prior to graduation for 
taking and passing Step 1 and Step 2 CK


The challenge.  Thus far, all schools 
that have postponed administration of 
the Step 1 exam (Table 1) have done 
so in conjunction with other forms of 
curricular revision—all have included 
a shortening and modification of the 
traditional, preclerkship phase. In 
addition, some schools have significantly 
trimmed the summer between year 
one and two. Therefore, students finish 
preclerkships 12 to 18 months after 
starting medical school and proceed 
almost immediately into their core 
clerkships. The students at our schools 
complete Step 1 in August (Vanderbilt), 
November (Michigan), and February 
(Columbia, NYU, and USUHS) of the 
third year. Students who complete Step 1 
in February have a significantly shortened 
window to take and pass their Step 1 and 
Step 2 CK exams, both of which may be 
required for graduation. Students who 
complete Step 1 earlier potentially have 
an increased lag time between finishing 
clerkships and taking Step 2 CK.


An approach. The period between the 
Step 1 and Step 2 CK exams can be 
successfully navigated with careful and 
thoughtful advising on scheduling. Key 


things to consider include that some 
specialties expect and even require away 
rotations (e.g., emergency medicine), 
a growing number of programs want 
students to complete Step 2 CK early in 
the application cycle, some students use 
Step 2 CK to make up for a lower Step 1 
score, a small number of students will 
apply to residencies with an early match 
(e.g., ophthalmology, urology), and 
sufficient time for remediation may be 
needed if passing Step 1 and Step 2 CK 
exams is a graduation requirement.


Keeping these considerations in mind, a 
student who receives their Step 1 score as 
late as the end of March could schedule 
the Step 2 CK anytime between May 
and October, which still allows a break 
between the two high-stakes exams and 
offers sufficient time to schedule away 
rotations and advanced clerkships. A 
prior study suggested that Step 2 CK 
scores decline with increasing time from 
completion of the core clerkships.13 
Thus, some schools (e.g., University 
of Michigan) are advising students to 
take the exams in rapid succession, 
allowing just enough time to get the 
Step 1 score back and make necessary 
studying adjustments. Scores can then be 
included as important data points in the 
residency match process, decreasing the 
influence of Step 1 scores with potential 
implications on student well-being. Other 
schools (e.g., Columbia) are advising 
students to take a longer break between 
preparing for Step 1 and Step 2 CK, to 
reduce the impact of burnout and mental 
exhaustion associated with preparing for 
two high-stakes examinations in back-to-
back succession. Regardless of the Step 2 
timing strategy, we have not observed a 
change in Step 2 scores at our institutions 
with the repositioned Step 1.


Should All Schools Reposition 
Step 1 Exams?


We believe that postponing the 
timing of the Step 1 exam should be 
considered by institutions undergoing 
curricular reforms that both shorten the 
preclerkship phase and aim to enhance 
the integration of basic and clinical 
science. We do not recommend changing 
the timing of Step 1 in the absence of 
these other curricular changes. For 
schools with traditional 2 + 2 curricula, 
a shift in Step 1 timing would place it 
far too close to the residency application 
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season. For schools considering altering 
the timing of the Step 1 exam, there 
are a number of challenges to consider; 
we have provided approaches based on 
our experience to optimize a successful 
transition. All of the potential challenges 
can be addressed using three main 
strategies: effective communication about 
curricular changes to all stakeholders, 
focused curricular design and 
assessments that facilitate integration of 
basic and clinical sciences from day one, 
and thoughtful student coaching and 
advising.


As schools consider and plan any 
large-scale organizational change, 
anticipating and planning for challenges 
is an important part of the process. 
Transparent communication about 
the reasons for, and process of, the 
change can be as important in people’s 
impression of the changes as the actual 
outcomes. Additionally, any negative 
outcomes can be better accepted 
if the change process is managed 
and communicated effectively.14 
Communication and planning should 
include important stakeholders such as 
academic advisors, learning specialists, 
counselors, and student wellness and 
mental health services, who can all help 
to plan and support students through 
the Step 1 timing change. Ensuring that 
students are studying in an effective 
manner and are actively managing 
their anxiety and stress is key to student 
success.


Curriculum revision and the relocation 
of the Step 1 exam to the postclerkship 
period provides schools with a unique 
opportunity to revisit and strengthen 
their assessment procedures and 
to further tailor their educational 
examination infrastructure so as to 
strengthen and promote long-term 
learning and understanding as well as 
preparation for clinical performance.
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Educational Continuity in Clinical Clerkships
David M. Irby, Ph.D.


Continuity in medical-student clerkships is becom-
ing a thing of the past. There is little continuity 
between students and teachers, between students 
and patients, and between specialty-based com-
ponents of the curriculum. Although block rota-
tions in clerkships have been used for more than 
100 years, in Abraham Flexner’s day, patients, 
teachers, and students were together in the hos-
pital for extended periods on medicine, obstetrics, 
and surgery services, which provided excellent op-
portunities to learn in a relatively relaxed and lon-
gitudinally mentored environment. Not so today.


Faculty members struggle to meet clinical pro-
ductivity quotas while maintaining teaching and 
research responsibilities. Attending physicians 
are on service for shorter and more intense peri-
ods of time, so there is much less opportunity to 
get to know students and residents. Most faculty 
members have even less time for substantive in-
volvement in curriculum development and imple-
mentation. As a result, mentoring relationships 
either are fragile or do not exist, and the progres-
sive advancement of student competencies is not 
well guided across the curriculum.


Students complain about having to start all 
over again with each new specialty-specific rota-
tion. The constant churning of people and sites 


leaves students feeling overwhelmed by what they 
do not know about each specialty and struggling 
to understand their new roles, new tasks, and 
new coworkers. Unfortunately, we chronically 
underestimate the powerful influence of these 
changing contexts on learners’ thoughts, actions, 
and values.1 Context matters, because learning 
from experience accrues from being immersed 
in and acculturated to a community of practice,2 
and experiential learning is strongly influenced 
by issues such as the patient census, time sensi-
tivity in the environment, and multiple and con-
flicting commitments of participants.3


Discontinuity creates an inefficient and dis-
junctive system that produces great frustration 
and anxiety in learners and great challenges for 
teachers. Perhaps it is time to return to the best 
aspects of our past and create new models of 
apprenticeship that offer greater continuity and 
provide faculty members with protected time for 
teaching and mentoring.4


In this issue of the Journal, Hirsh and col-
leagues describe various forms of continuity in 
clinical education, advancing our understanding 
of the strengths and challenges of longitudinal 
relationships in clinical settings.5 They identify 
key components of educational continuity (con-
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tinuity of care, curriculum, and supervision) and 
describe multiple models of clerkships organized 
in various ways to enhance continuity. This arti-
cle is being published as a Sounding Board article 
rather than as a regular article in the medical-
education series because it strongly advocates for 
continuity as an organizing principle for medi-
cal-education reform and because there is rela-
tively little published literature in this area. Yet 
it addresses a major design principle for clinical 
education.


The lack of sustained relationships among 
students, teachers, and patients is a major prob-
lem in medical education. Fortunately, a growing 
number of medical schools recognize this prob-
lem and are creatively addressing it.6-8 New mod-
els of longitudinal relationships are required to 
make clinical education more effective and ef-
ficient. Hirsh and colleagues take us back to our 
Flexnerian roots and help us imagine how this 
redesign of clinical education might be achieved.
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A R T I C L E


Medical Education as a Process
Management Problem


Elizabeth G. Armstrong, PhD, Marie Mackey, and Steven J. Spear, DBA


ABSTRACT


With complaints that new doctors are less prepared for
residency and practice than expected, are burdened with
debt, and then take even longer to complete their spe-
cialty training, the authors ask whether medical education
can be designed more effectively. Curriculum redesign and
pedagogical reform efforts to date address fragments of
medical education—the content of particular courses or
clerkships or the way in which the courses or clerkships
are conducted. However, these reforms do not typically
address the relationships among the various elements, that
is, in what order skill sets should be sequenced, how
communication should occur between disciplines, and by
what mechanisms skills or knowledge should be mastered
and assessed by the end of one phase so students are
prepared adequately for the next. In failing to address
these systems issues, current reform efforts may forgo some


opportunities to convey and properly insure greater mas-
tery of knowledge and skills in less time, at less cost.


A case study of a typical student’s third- and fourth-year
clerkships illustrates how focusing only on educational
elements leads to the exclusion of opportunities to sys-
temically facilitate the relationships among them. This
situation is contrasted with how other demanding, high-
tech, knowledge-intensive industries with outstanding op-
erations have learned to achieve superlative performance
by managing and designing both the elements and the
interactions among them within complex work and learn-
ing systems. The authors’ exploratory research offers sug-
gestions for medical education reform and frames addi-
tional opportunities for further discussion.


Acad Med. 2004;79:721–728.


How can medical education be better designed to
address the current complaints that new doctors
are less prepared for residency and practice than
society expects? Critics of medical education


systems have alleged that these shortcomings are to blame for
mismatches between society’s medical needs and the special-
ties new doctors choose,1 and for graduating people who are
not adequately prepared for residencies and practice.2–4


Langdale and colleagues2 go further in predicting that as
funding pressures increase, residencies will expect an entry


level of skill and competence greater than that which schools
are currently providing. The frequency with which reforms
have been introduced and the similarity of the recommen-
dations on which they are based suggests that the medical
community has agreed that there are problems in the current
system, but that it has yet to arrive at a satisfactory solution
for present and future needs.5–7


Recent reform proposals have emphasized changing cur-
riculum content (e.g., adding courses in medical ethics,
communications, and patient interviewing)8 and pedagogical
approach (e.g., switch from lecture format to case stud-
ies).8–11 Others have called for the lengthening of medical
school because of tremendous advances in medical science
and the greater corpus of knowledge that is considered
essential for physicians to possess.12–14


We did not write this article to join others in assessing the
performance of the medical education system. Rather, our
goal was to gain a better understanding of the nature of the
problems already reported in the literature. By describing and
analyzing a case study we conducted, we attempt to demon-
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strate that the absence of a systems approach in a curriculum
results in a cascade of negative effects. Curriculum-design
decisions made with regard to the individual program com-
ponents only (e.g., the clerkships, and each activity within
the clerkships) are not necessarily attuned to the objectives
of the school.


IMPORTANCE OF A SYSTEMS APPROACH


Medical education reforms usually focus on the addition (but
seldom the subtraction) of particular topics or focus on how
specific topics are taught, without addressing medical educa-
tion as a longitudinal process—a system of interdependent
elements in which relationships among the elements must be
actively managed over time. In contrast, there is ample
evidence that the most outstanding organizations in other
demanding, high-tech, knowledge-intensive industries man-
age complex processes such as design, production, engineer-
ing, logistics, and training both in terms of the pieces of the
system (e.g., how individual people do work) and in terms of
the relationships among the pieces. Complex systems, once
the layers of complexity have been peeled away, operate
according to a simple set of rules. The rules that govern
complex learning systems within the manufacturing industry
provide a compelling set of guiding principles for medical
education reform. This approach to managing systems in-
volves (1) defining objectives for the organization in terms of
the characteristics (e.g., volume, variety, features) of the
products or services that they provide; (2) designating who
should do what specific work in what sequence for what other
person to achieve organizational objectives; (3) designating
characteristics for products or services one person provides,
given the capabilities and needs of those processes that
precede and follow; and, finally, (4) determining how the
individual work assignments should be done given their
relationship to the system overall, with feedback possible at
every stage. The system’s performance at each of these four
stages is continuously monitored by way of embedded tests,
and, if the system’s performance is found wanting, managers
then have latitude to redesignate each of these aspects of the
system rather than tinkering with the components alone.15,16


By employing such an approach, which looks at how the
interactions among elements of the system should be man-
aged, outstanding organizations avoid the potential discon-
nects between managing parts of the system and managing
the system as a whole. It is critical that processes be designed
and managed not in isolation but as elements of an interde-
pendent system. If high-level objectives have not been de-
fined, then the production tasks to meet them cannot be
accurately defined, the roles and responsibilities associated
with those tasks cannot be defined and properly assigned, and


so forth throughout the system of processes. Rather, the
managers are forced into a reactive mode, coping with
whatever demands are placed on them and contending with
whatever comes their way in terms of instructions and
supplies. In this scenario, the value of changing the system at
the local level is short-lived due to the uncertainty that
managers must contend with.


In medical education, applying an approach that looks at
how the interactions among elements of the system should be
managed could serve to overcome disconnects between vary-
ing components of the learning experience, and better clarify
the relationships between objectives and pedagogy. Oppor-
tunities for improvement in medical education ought not to
be constrained by questions such as whether or not a medical
student should have a particular clerkship, or how that clerkship
should be designed. Rather, opportunities for improvement
should also be shaped by (1) a definition of the skills and
knowledge that should be acquired in medical school generally
and in clerkships specifically, (2) the order in which skills and
knowledge should be conveyed, and (3) how students should be
evaluated within each stage to ensure a level of preparation that
respects the learners’ needs without compromising the needs of
patients whose care provides educational experiences. Finally,
the school must determine (4) how students should be trained
within each educational increment, given the objectives as-
signed to that component in relation to its overall role within
the educational process. If clear standards are understood at
every stage, the faculty and students can work to close the gap
between the students’ incoming level of competency and the
desired learning encounters.


A CASE STUDY


We now describe a case study to provide a context for
identifying the disconnects that hinder learning and stifle
improvements within the current system. We first outline the
method we used to obtain our data. We then present the case
study itself, which shows how a typical student experienced
the third and fourth years of medical school with respect to
the content and sequence of her clerkships. Finally, we draw
on the experience of high-performing organizations in other
industries to provide principles for generating learning-based
improvement. We conclude with suggestions for how these
principles might be applied to medical education.


Obtaining the Data


The case study of Emily Wilson, a fourth-year medical
student at Worthington—a well-regarded, private medical
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college*—is based on three interviews, totaling seven hours.
While drawing conclusions from a single case presents limi-
tations, Wilson’s experience is likely representative of that of
other medical students. Wilson never suggested that she
perceived her experience as unique relative to that of her
Worthington classmates. Moreover, we interviewed ten
other medical students and housestaff from seven different
medical schools around the country, who shared similar
narratives. In addition, our interviews with five medical
educators about their perceptions of medical education’s
strengths and weaknesses painted a picture similar to that
imparted by Wilson. Finally, we vetted this case with 68
medical educators in a session of the Harvard-Macy Physi-
cian Educator course and, when polled, 64 agreed that
Wilson’s experience was similar to those of their own stu-
dents. (The 68 physician–educators were from 31 institu-
tions, and 16 were from countries outside North America.)


The Wilson case study focuses on third- and fourth-year
clerkships because educators whom we interviewed perceived
these as less homogenous and predictable than the first and
second years and more impervious to reform despite docu-
mented need for change. However, problems evident in
Wilson’s clerkship experience may have analogues in other
stages of medical training.


Emily Wilson majored in philosophy and minored in
chemistry in college, and fulfilled ten premedicine require-
ments. In her first two years of medical school, Wilson
completed her basic-sciences courses and passed Step 1 of the
United States Medical Licensing Examination. Prior to clin-
ical clerkships, she attended a half-day orientation at Worth-
ington that discussed professional manner, health concerns,
and whom to contact if she had questions (usually the
clerkship director). There were also 15 minutes of overview
on the first day of each new rotation by instructors.


Third-year clerkships. Wilson and her classmates each
had idiosyncratic experiences in their third year. Wilson
completed five clinical clerkships, starting with internal
medicine and continuing onto obstetrics, pediatrics, psychi-
atry, and surgery, delaying family medicine to the fourth year
because of a broken arm. A classmate began with psychiatry
and family medicine before taking surgery, pediatrics, and
obstetrics, with internal medicine at the end. A third was
assigned to obstetrics and psychiatry before internal medi-
cine; then she took a dermatology elective while delaying
family medicine to the fourth year, and concluded with
pediatrics and surgery. That clerkships were assigned based
on openings at the 11 teaching hospitals affiliated with the
school added extra variation.


Additional sources of variation among the students’ expe-
riences arose because of the way in which teams—which
included attending physicians responsible for particular pa-
tients, housestaff (residents and interns), and three to five
medical students—were managed. First, due to idiosyncratic
clerkship assignments, Wilson was never teamed with class-
mates with whom she had previously trained. Second, re-
sponsibility for Wilson’s training varied across rotations. In
some, medical students did morning rounds with an assigned
attending physician. In others, no attending had overall
responsibility for the students, so learning depended on the
particular relationships the students had with housestaff at
various stages of their own training.


Little continuity existed even within a rotation among
those responsible for teaching and providing evaluations and
those being trained, since attendings, housestaff, and stu-
dents were scheduled according to different calendars. For
instance, Wilson was on a six-person team during internal
medicine, during which the chief resident and the fourth-
year student changed. During obstetrics and gynecology,
Wilson was on an eight-person team; after two weeks, one of
two residents and both interns changed. One week into pedi-
atrics, the chief resident changed. Halfway through surgery, the
third-year resident and three of four interns changed. Only
during psychiatry did Wilson’s team remain intact.


Fourth-year clerkships. Wilson’s fourth year was also
structured around eight clerkships, four of which were elec-
tives. These were for preparing for residency—in Wilson’s
case, anesthesiology—or for studying subjects outside in-
tended specialties, and electives were drawn from approxi-
mately 200 offered through Worthington and thousands
more through other institutions.


Wilson and her classmates placed heavy emphasis on
fourth-year clerkships and evaluations, believing that they
would affect dramatically what residency they matched with.
However, inconsistent interactions with senior physicians
contributed to Wilson’s perception that grading and evalu-
ations were arbitrary. For instance, during Wilson’s first
anesthesiology rotation, she was assigned to shadow different
physicians each day. Wilson and her classmates speculated
that because of the limited contact students had with any
doctor, assessments from the unit’s 45 attendings and 24
residents depended more on subjective factors like personal-
ity, timeliness, enthusiasm, and curiosity than on objective
factors such as clinical ability and longitudinal improvement.


To have time for residency interviews, Wilson chose a
radiology clerkship with two one-hour lectures per day, five
days per week, for four weeks. A different instructor gave
each lecture, except for those on Tuesday morning, which
the clerkship director taught. Because the instructors were
different and attendance was not taken, Wilson and her
peers postulated that students who knew the director and*Names are disguised to protect confidentiality.
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attended his sessions received an honors grade and that
students whom the director saw in lecture but did not know
well received a pass grade.


Not all clerkships seemed as impersonal, with evaluations
as arbitrary. Wilson’s pain management rotation team in-
cluded the clerkship director. For a surgery ICU rotation,
Wilson was on a team that included the ICU’s attending,
who supervised the clerkship, a second-year resident, an intern,
and another fourth-year student. Staffing was stable throughout
the rotation, and it was better run than other clerkships, in
Wilson’s view. The director took the unusual step, from Wil-
son’s perspective, of issuing manuals to students and residents
that included his expectations for them and had articles on the
concepts the attending considered to be important.


Case Analysis


In reading about Wilson’s clerkships, most readers will rec-
ognize that the haphazard nature of her training does not do
justice either to her or her preceptors. Some may argue that
the answer lies in changing the clerkships; while well inten-
tioned, this approach hardly addresses the systemic problem
or its cascading effects. These effects originate with the
failure to adequately define what skills and knowledge a
student should have mastered at the end of each stage in the
curriculum. This leads those responsible for teaching into
difficult territory, left to make decisions in isolation about
how and what to teach, to offer experiences as they arise, and
to hope against hope that enough variety of experience will
compensate for the lack of deliberate planning.


What is noteworthy in the case is the dominant role that
chance played in determining what Wilson learned, where,
how, with, and from whom. Certainly, we might expect that
the fourth year, which was dedicated in large part to electives
and residency auditions, would be idiosyncratic to each
student and that fourth-year clerkship directors and educa-
tors would have to be prepared to teach students who were
different both by preparation and by objectives. However,
the third-year experience, for students and educators alike,
was also shaped by the chance assignment of students to
clerkships. The third year presented 720 possible sequences
for Wilson’s classmates to complete six required clerkships.
In a class of approximately 150, then, no one was likely to
encounter material in the same order as anyone else. That
clerkships were at one of 11 hospitals with a large pool of
housestaff and faculty at each, many operating according to
calendars independent of those of clerks, further increased
the chance that each student’s education was unique.


What is problematic about this approach becomes clear
when we consider the oft-heard comments of attendings and
housestaff, who report that when new students arrive for a


clerkship, some educators assume that students know noth-
ing and that they must start from scratch. As cynical as this
might sound, it is a rational response that points to the major
concern of this article: that the lack of a system to guide the
medical school experience makes it difficult to structure and
improve the education process so that the students achieve clearly
defined core competencies in a professional manner.


With little ability to anticipate levels of preparation or to
foresee expected accomplishment, educators are disadvan-
taged in designing clerkship experiences that are optimal in
terms of the students’ overall development. Even though
what a student is prepared to learn in a pediatrics rotation,
for example, would seem to depend on whether that student
has had family medicine previously, educators and adminis-
trators have little choice but to treat each clerkship as if it
were in isolation, since the alternative of preparing a course
of study appropriate for each student would be impossible
given the large number of possible combinations of experi-
ences both before and after. That educators must also ac-
count for the possibility that a student’s experience may have
been at one of 11 hospitals, each with its own idiosyncratic
case load, staff, and teaching emphasis, multiplies the num-
ber of contingencies educators must prepare for. Therefore,
assuming that students know nothing does not necessarily
reflect a condescending attitude. Rather, because dialogue
among instructors about what happened in previous stages
and what is supposed to happen in future stages is precluded
by system complexity and unpredictability, it may be a
risk-averse position to take when planning.


Treating each student as a tabula rasa, however, carries its
own risks. Students might learn the same few things over and
over. While repetition helps to reinforce previously learned
knowledge and skills, redundancy in which students relearn
what they have mastered on a prior occasion may be viewed
as wasteful in a costly system, particularly if it comes at the
expense of learning something else important. In contrast,
faculty who mistakenly assume mastery of prerequisite skills
that are not yet part of the students’ repertoire create expec-
tations that cannot be met by the students and which may be
destructive for faculty and patients as well. Our case study
focuses on how this scenario affects students; it is not difficult
to imagine as well the frustration felt by the educators
attempting to work within this scenario.


PRINCIPLES FOR MANAGING COMPLEX SYSTEMS


The industrial domain may seem an unusual place to look for
organizational or management models appropriate to educa-
tion generally and medical education specifically. Manufactur-
ers typically transform materials whereas educators transfer
knowledge and imbue students with important attitudes—they
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transform people. In addition, particularly in high volume
manufacturing, the variety of output/demand may be far less
than the variety of patient needs in a clinical setting. Despite
these distinctions, however, similarities between the two
domains make relevant to medical education the application
of approaches used by outstanding manufacturers. Notably,
success in both—be it delivering outstanding products, ser-
vices, or students—depends on learning.


Most outstanding manufacturers make systemic adjust-
ments quite effectively, and their success depends on the
presence of learning throughout the system, and the ability
to examine gaps and disconnects immediately to enable the
highest performance possible. Within a wide variety of in-
dustries, companies compete to meet the needs of the same
market by making similar products using nearly identical
production technology. Yet some excel by a significant mar-
gin along multiple performance metrics (quality, productiv-
ity, flexibility, profitability, and safety) that is sustained over
years if not decades. Often, these differences result from the
superior rates at which the leaders are able to learn about and
improve the complex processes they use to create products
and services. These differential rates in learning can express
themselves as differences as considerable as two or three to
one in productivity, ten to one in safety, and 1,000 to one in
quality.17–23 The manufacturers that achieve the shortest
lead time, highest quality and productivity, and best safety
record are those most capable of ongoing learning—that is,
those dedicated to rapidly modifying and improving their
processes based on their experiences and outcomes. They
learn because clarity and specificity are built into the system,
allowing them to identify areas requiring remediation and
make the appropriate changes, with the certainty that the
adjustments will resolve the problem. This ability to correct
can only occur in a carefully designed pathway.


Therefore, despite the differences between education and
manufacturing, the fact that the best manufacturers lead
because of how they learn invites us to look to manufacturing
for transferable lessons on how to organize complex systems
that use learning to achieve high performance.


Toyota is an example of a company that has exhibited
leading rates of improvement and learning and superior
performance. The company’s approach is to specify (1) what
products or services the system (e.g., work cell, unit, depart-
ment, section, factory, or plant) as a whole is to provide to
whom; (2) how responsibilities will be assigned within the
system in terms of who will provide what product, service,
information, training, and the like to whom; (3) how inter-
actions and interdependencies will be managed in terms of
handoffs of products, services, and information between
linked work activities; and (4) how individual work will be
done. These designs are repeatedly tested as they are used,


and when difficulties are encountered, problem solving is
triggered immediately.15,16


The clerkship learning process that Emily Wilson encoun-
tered ran counter to this approach. The clerkship sequence
was defined only ex post. Therefore, those who managed the
clerkship process as a whole relegated it to those responsible
for the individual system-elements (i.e., clerkship directors,
residents, or attendings) to adjust accordingly across the wide
range of inputs that they received. Housestaff and attendings
had to be able to simultaneously train students who had had a
wide range of prior experiences with a wide range of subsequent
learning events. Educators and administrators, denied the op-
portunity to establish reasonable expectations of what students
should know coming into a clerkship and what they should
master by a rotation’s completion, instead must engage in
teaching that is less well connected to students’ needs. The
result may then become an ad hoc approach to teaching, based
on opportunistic responses to stochastic events, leading to
evaluations and reviews that are perceived to be arbitrary.
While relying on the regular flow of patients to provide
adequate learning opportunities as compensation for the lack
of an adequate system design may have been appropriate
when the current system was anchored in mentor–protégé,
master–apprentice relationships, it is problematic now.24


The simple rules underlying complex manufacturing sys-
tems are instructive as they relate to instituting clarity of
both purpose and outcome in the elements of the medical
education curriculum, while minimizing the strains placed on
patients, educators, and students. While viewing the medical
school experience systematically in this manner is but one
approach to the current problem, we believe that introducing
specification into medical education to achieve clarity is ulti-
mately liberating rather than constraining for the schools be-
cause, as in the manufacturing environment, it creates a flexi-
bility that enables improvements to be made more efficiently.


The rules that guide manufacturing systems can be applied
to medical education reform efforts as outlined below.


System Rule: Define the skills and knowledge a student
should be able to competently and professionally
demonstrate upon completion of his or her education.


Applying this rule clearly establishes what it means for the
school to be successful in terms of educating a student.
Medical educators, in large part, are already moving in this
direction, in concert with the work of numerous organiza-
tions—including the Association of American Medical Col-
leges,25 the Accreditation Council for Graduate Medical
Education,26 the Institute for International Medical Educa-
tion,27 and the World Federation for Medical Education28—
that have identified and recommended to medical schools


A C A D E M I C M E D I C I N E , V O L . 7 9 , N O . 8 / A U G U S T 2 0 0 4 725


A P R O C E S S M A N A G E M E N T P R O B L E M , C O N T I N U E D







core objectives and competencies to meet minimal essential
standards of practice, while still allowing the freedom to
diversify beyond the minimum. What is missing at this
juncture is a strong connection between what students
should master and how that mastery should be acquired.
Determining how is the realm of the next rules.


Pathway Rule: Develop a transparent curriculum and
assign responsibility for delivering subsets of specific skills
and knowledge to particular clinical educators working in
a well-defined and understood sequence.


Applying this rule involves designing a specified sequence of
learning modules—making clear who is responsible for trans-
ferring what knowledge to students—in which students en-
counter certain types of clinical situations prior to and as
preparation for more complex or specialized situations.


Schools that have developed clinical courses that repre-
sent a planned developmental sequence of clinical skills
teaching in multiple settings, insuring mastery of basic skills
before requiring performance in more complex or critical
skills, are working in ways consistent with this rule. Another
alternative guided by a systems approach might involve
forming groups of students who would progress through the
same sequence at the same time—rather than each student
having an idiosyncratic experience—with faculty who un-
derstood the sequence and its predetermined activities and
outcomes.29 If a planned and carefully specified sequence
were developed, students could play a more significant role in
monitoring their own professional growth, and develop hab-
its of lifelong learning.


Schools in which objectives have been specified for each
clerkship have taken a partial step toward specifying a se-
quence in which skills and knowledge are to be acquired.
However, creating a transparent pathway for students and
faculty will require a level of planning that goes well beyond
the definition of objectives for isolated blocks of time. Learn-
ers should experience a developmental educational process
that is monitored with success in mind and mentored with
clarity of purpose so that teachers and learners will know
what is expected of them at each stage of progress through
the sequence.


Connection Rule: Define criteria for determining
whether a student is prepared to advance from one
learning stage to the next.


This rule is perhaps the one most violated in the case of
Emily Wilson, wherein transitions between clerkships and
mentors are haphazard. To correct this problem, medical
schools might specify a sequence of modules that allows the


directors of each to establish expectations as to what each
ought to deliver, given the knowledge and skills that incom-
ing students have and what, therefore, students must learn.
Orientations that define expected roles and skills for new
work along with assessments that ensure successful comple-
tion of prerequisite skills would be basic to meeting the
educational purpose of this rule, and the systematic assess-
ment exercises that curriculum reformers have attempted to
embed throughout the educational continuum would make
timely remediation, when required, more likely.


Work Activity Rule: Develop each specialty’s pedagogy
in light of the educational responsibilities assigned to it (by
application of the Pathway Rule) and the level of
preparation students are expected to have upon entering and
exiting each stage (by application of the Connection Rule).


Were this rule applied, the current focus on work within the
individual elements of medical education would continue to
enrich each learning activity in ways consistent with the
philosophy of the school. For example, in order to overcome
the variation in clinical experiences, some clerkship directors
are developing teaching sections to compensate for clinical
teaching that may not occur during a given clerkship because
certain common medical problems are not encountered.


This approach creates flexibility that enables improve-
ments to be made more efficiently, both for individual stu-
dents and the process as a whole. For instance, the clarity
such an approach instills proves crucial when a student
struggles to meet the criteria for advancement from one stage
to the next; this is evident immediately rather than at some
distant point, and educators can provide additional learning
opportunities in a very responsive, targeted way—thereby
avoiding the associated negative consequences to students,
educators, and patients alike. However, the case may arise
where the system is at fault. If a sizable portion of students are
found to be having difficulty, this would provide a clear
signal to those responsible for managing the system that
there need be a reassessment of what gets taught, when, by
whom, and what the expectations might be for handing off
students from one stage to the next.† Such remediation could
occur quickly enough to have an impact on each student’s


†Even with existing constraints that might make a specified linear approach difficult,
the current system could be simplified with a specified “ring” approach. At the start of
the year, students could be assigned across the specialties such as internal medicine,
surgery, pediatrics, and so on, thereby respecting the current approach of everyone
starting in July and all clerkships being evenly loaded with students throughout the
year. However, in contrast to current practice, every four weeks, students would
advance in the same order; for instance, internal medicine always clicking forward to
family medicine and then to pediatrics, and so on. This would mean there would be far
less variety for which educators would have to adapt than the 720 possible sequences
currently available at Worthington.


A C A D E M I C M E D I C I N E , V O L . 7 9 , N O . 8 / A U G U S T 2 0 0 4726


A P R O C E S S M A N A G E M E N T P R O B L E M , C O N T I N U E D







learning experience while simultaneously informing future
program implementation.


CONCLUSIONS


We believe that the complex systems of quality-driven in-
dustries offer pertinent lessons to medical educators engaged
in curriculum reform. When work and learning systems are
managed so that what is expected to occur is clear, with
mechanisms to identify where expectations are not met, and
with protocols and resources to make improvements when
problems develop, then customers, shareholders, and em-
ployees all benefit from increased quality, productivity, reli-
ability, and safety. Or, translated into medical education,
patients, physician educators, administrators, and students all
benefit. In contrast, the lack of specification at all levels in
the case study of Emily Wilson makes it hard to establish
expectations, and difficult for everyone who is part of that
system to do their work and influence the systems within
which they work. Any system that handicaps those who are
part of it from doing their best work is inherently disrespect-
ful to all involved. This need not be.


Our challenge in curriculum reform is to address all levels
of the medical education system. If we focus on individual
courses or activities without examining the relationship be-
tween these elements, we deny ourselves the opportunity to
create the substantive reform we all seek. While many
medical schools have begun to specify order to the clerkship
sequence, the Emily Wilson case demonstrates that specific-
ity of the learning modules within each clerkship, student
assessments, and the hand-offs between clerkships remain
problematic. As students progress through a series of clinical
learning modules, specifying what students should have
learned in a preceding module will make it easier to define
incoming students’ baseline of knowledge and skills and what
that module should convey to the students, and to identify
those students or those topics that are not getting sufficient
attention. Then, the design of the individual modules, the
handoffs between them, and the sequencing of them can be
modified so that students achieve higher competency, possi-
bly at less cost and in less time. While the optimal sequence
in which clinical experiences might be completed will un-
likely be established on the first try, each experiment with
the order will create the opportunity for improvement. In
fact, we have assumed that the basic clerkship process may be
immutable in the short-term. It may be that by managing the
medical education process so that educating students is
tightly integrated with bettering the process of educating
students, some schools will discover alternative approaches
that are less bound to the legacy structures with which we are
currently working. This is a far cry from approaches that are


based, unrealistically, on “starting with a clean slate,” as if
the current system would suddenly disappear. Rather, this
approach relies on recognizing that the current system is the
de facto starting point, and that a far better system can be
achieved through incremental, but frequent, experimenta-
tion and respecification.


Ultimately, utilizing this systems approach will provide
patients, students, and educators a safer, more respectful
environment where high-quality health care delivery and
education can coexist.


The authors acknowledge the scholars of the Harvard-Macy Institute for
their willingness to experiment with the ideas expressed in this article during
teaching sessions of the Institute’s two annual programs, and for their
insightful feedback. The authors also acknowledge Dr. Clayton Christensen
of Harvard Business School for inspiring the design of our case study.
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If the ultimate purpose of medical education — 
to meet the health needs of society — is to be 
achieved, the primary goal of undergraduate med-
ical education should be to produce students who 
are broadly skilled in the core competencies that 
transcend all disciplines of medicine.1,2 The chal-
lenge is how to accomplish this goal in a clinical 
learning environment fragmented by increasing 
specialization and demands for clinical produc-
tivity and constrained by a prevailing culture in 
which education must compete with research and 
clinical practice for medical school resources.3


As compared with the dramatic changes that 
have occurred in biomedical science and the prac-
tice of medicine, the fundamental model of clini-
cal education in American medical schools has 
changed little since the time of Sir William Osler, 
a century ago. Students are still assigned to spe-
cialty-specific teams of interns, residents, and 
supervising faculty physicians for relatively brief, 
randomly sequenced rotations in acute care hos-
pitals.4,5 And the core clinical credentialing expe-
rience continues to be this same series of rota-
tions, primarily in the third year of the traditional 
four-year undergraduate curriculum, just as it was 
in Osler’s day.


Although there is no doubt that the hospital 
environment remains rich in learning opportuni-
ties for medical students and that students need 
to learn the skills necessary to succeed in an 
environment in which most of them will spend 
3 to 8 years of postgraduate training, there is a 
growing sense nationally that the current model 
is poorly aligned with society’s present and future 
health care needs.6,7 This realization has led 
many observers to call for a new model of clini-


cal education, one that would incorporate the 
strengths of the present acute care educational 
model but eliminate the model’s major weakness 
— a lack of connection or continuity among dif-
ferent learning experiences.8,9


educ ational continuit y


Rooted in the principles of modern learning 
theory,10,11 the notion of educational continuity 
reflects the progressive professional and personal 
development required of physicians in training.12 
A spirit of “ownership” of the entire curriculum, 
rather than one discipline-specific portion of the 
curriculum, is a prerequisite for educational con-
tinuity.13 As applied to the core clerkship year, 
educational continuity subsumes two interrelated 
integrating forces: horizontal integration (enhanc-
ing the development of general competency by 
linking learning experiences between and across 
clinical specialties) and vertical integration (en-
hancing evidence-based practice by linking ad-
vances in the biomedical and clinical sciences to 
clinical problem solving).


Continuity of the learning environment fosters 
both patient-centeredness and learner-centered-
ness by establishing more opportunities for con-
nections with patients (“continuity of care”); by 
integrating important educational themes across 
clinical specialties, focusing on the developmen-
tally appropriate attainment and assessment of 
core clinical competencies, and promoting the 
connection between science and clinical medicine 
(“continuity of curriculum”); and by enhancing 
supervision, role modeling, and mentoring (“con-
tinuity of supervision”) (Table 1).
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Continuity of Care


Throughout the history of the profession, the 
most powerful motivator for learning has been 
the sense of deep commitment to patients. Con-
necting the student’s desire to serve with his or 
her desire to learn has strong support in learning 
theory and has been used effectively for many 
years in a wide variety of service learning pro-
grams in health-related disciplines. However, only 
rarely has service learning been part of the core 
clerkship experience itself.14


In order to anchor clinical learning in care-
giving, students must have relevant involvement 
with patients at the site and time of initial med-
ical decision making, ideally before the diagno-
sis is made, and be able to follow patients for 
the duration of an illness episode (and beyond), 
ideally across care venues. The critical thinking 
involved in making a diagnosis compels students 
to value history taking, physical examination, ra-
tional diagnostic testing, and differential diag-
nostic reasoning. By the same token, students 
should follow patients long enough to observe 
the course of the illness and the patient’s expe-
rience of the illness, and they should witness the 
effects of their management decisions. Continu-
ity of care also provides opportunities for teach-
ers to custom-design patient enrollment to meet 
overarching educational goals and fine-tune co-
horts of patients as the learning experience un-
folds over time.


Continuity of Curriculum


To support the progression of a learner’s values, 
attitudes, knowledge, and skills, each component 
of a curriculum should have a rational, considered 
relationship with all others. A developmentally 
progressive curriculum has three major aspects. 
First, there is a rational sequential order that facili-
tates learning, with certain types of knowledge 
and skills serving as the foundation for subse-
quent learning. Skills that are notably different, 
but equally complex, may still be most appropri-
ately taught in a particular order. For example, 
knowledge of anatomy and pathophysiology facili-
tates the taking of a medical history. Second, more 
complex tasks should follow some degree of 
achievement in the performance of more simple 
but related tasks. Thus, one learns to construct a 
simple problem list before learning to develop a 
complicated differential diagnosis. Similarly, grap-
pling with complex therapeutic decisions makes Ta
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little sense for a student who has yet to master 
rudimentary diagnostic decision making. Third, 
the curriculum should be implemented in a learn-
er-centered manner, such that a given student’s 
learning is tailored to his or her particular evolv-
ing (i.e., developmentally appropriate) needs.


Optimally, the core clinical clerkship curricu-
lum should be designed to emphasize themes 
central to doctoring (professionalism, commu-
nication, and teamwork) and continuing scientif-
ic literacy (evidence-based decision making). It 
should ensure the exposure of students to a pre-
defined set of clinical syndromes and diseases, 
thereby promoting both context-specific clinical 
reasoning and the acquisition of cross-disciplin-
ary competencies. It should consolidate and ex-
pand fundamental insights into the mechanisms 
of disease in individual patients and populations. 
And it should assess particular knowledge, skills, 
and attitudes at times most suited to ascertain 
competence and ensure developmental progres-
sion. Diverse and repeated formative assessments 
of student performance are also important. Espe-
cially when embedded in integrated educational 
programs, multimethod assessment enhances 
both the evaluation process itself and the students’ 
learning trajectory.15


All these requirements are greatly facilitated 
by collaborative, interdisciplinary ownership of 
the clinical curriculum. Collaboration across clin-
ical departments ensures a horizontally integrated 
curriculum, with an emphasis on core competen-
cy development. Likewise, collaboration between 
clinical and basic science departments (vertical 
integration) ensures that the core clinical clerk-
ship experience is built on and deliberately con-
nected to the basic biomedical and epidemiologic 
sciences, thereby promoting continuing scientific 
literacy. In sum, interdisciplinary governance pro-
vides a platform for promoting general compe-
tencies; exploring the pertinence of basic, transla-
tional, and clinical science to medical practice; 
and incorporating all manner of biomedical scien-
tists into the clinical learning environment itself.


Continuity of Supervision


Establishing connections between faculty, other 
caregivers, and students and among faculty across 
disciplines is critical to forming a productive 
learning community.16 Students and longitudinal 
preceptors share the professional intimacy of dual 
responsibility for patient care. Such relationships, 


in which faculty members have personal respon-
sibility for overseeing their own students, pro-
vide students with the emotional comfort to take 
intellectual risks in their learning. At the same 
time, trusting relationships and shared goals fos-
ter coaching, promote effective feedback, and en-
hance clinical performance.


At a minimum, clerkship directors and clini-
cal teachers should collaborate across disciplines 
to design, implement, and oversee the entire clerk-
ship year and should have joint responsibility 
with inpatient attending physicians and continu-
ity preceptors for student supervision, mentoring, 
and assessment. Because of their particular effec-
tiveness in teaching the fundamentals of clinical 
reasoning and the psychosocial aspects of care, 
experienced clinician–educators (“master clini-
cians”) rather than inexperienced faculty or resi-
dents should have the most prominent education-
al and supervisory roles.17,18


barriers to educ ational 
continuit y


Although the concept of educational continuity 
provides a powerful organizing principle for clin-
ical education reform, the barriers to changing 
the manner in which the traditional core clinical 
clerkship experience is organized should not be 
underestimated (Table 2). Promoting innovation 
on the basis of either educational theory or nas-
cent outcomes data alone will require visionary 
leadership, innovative resource management, and 
careful attention to learning, cultural, and regula-
tory issues.


Relatively few academic medical centers can 
easily deliver meaningful experiences in continu-
ity of care. In most such centers, investment in 
ambulatory care facilities is insufficient to match 
the care needs of patients, let alone support learn-
ing. And although investments in information 
technology are increasing, with few exceptions, 
patient information systems and mechanisms to 
identify, track, and follow patients across sites of 
care remain rudimentary. For the most part, care 
is delivered in a discipline-specific fashion, and 
although all academic medical centers aspire to 
be truly patient-centric organizations, few of them 
actually meet this goal. 


Achieving the full potential of integration will 
not be easy. Departmental boundaries are notori-
ously difficult to breach, and coordinating teach-
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ing time across clerkships and between basic 
science and clinical departments will be challeng-
ing. Reaching agreement on learning objectives, 
curriculum content and delivery methods, and 
common assessment and grading systems will 
be possible only with clearly delineated objectives 
and willingness to compromise. At first sight, 
planning, start-up, and ongoing administrative 
costs — including student and faculty schedul-
ing across departments and departmental teach-
ing effort and funds-flow analyses — may appear 
to be prohibitive, especially in the absence of 
mission-based budgeting. New curricular models 
must take into account already established local, 
state, and national standards, and regulatory re-
lief will have to be obtained from the appropri-
ate accrediting and licensing bodies.


The barriers to effective supervision and men-
toring are diverse. In the absence of mission-
based budgeting, the cost of incremental faculty 
teaching and supervision — including both new 
responsibilities and some of those currently as-
sumed by residents — may appear to be prohibi-
tive. Teaching time and faculty availability are 
limited by demands for increased clinical and re-
search productivity. Regardless of cost and avail-
ability, freeing faculty for more extensive educa-
tional responsibilities will be difficult as long as 
educational effort and excellence continue to be 
undervalued in academic advancement. Perhaps 
most important, not all clinicians have the requi-
site background or skills to incorporate innova-
tions in basic science or evidence-based practice 
into their teaching, and not all basic scientists 
are comfortable with participatory teaching in a 
clinical environment. Finally, the relative lack of 
well-validated interdisciplinary teaching models 
and competency-based evaluation instruments 
may have a negative effect on teaching and as-
sessment.


new model s of clinic al 
clerkships


Promoting educational continuity is complicated 
by the traditional division of the core clinical 
clerkship experience into a disconnected series of 
independently governed, discipline-specific, ran-
domly ordered, sequential blocks (Fig. 1A), each 
characterized by largely ad hoc patient assign-
ments and poorly coordinated learning objectives. 
To provide opportunities for a more collective ap-


proach to curriculum design and management 
and to better deal with so-called orphan topics, 
medical schools have begun to assume more cen-
tralized control of the clerkship year. Over the 
past decade, this shift in governance has allowed 
for the development of a variety of new models 
of clinical clerkships, many of which have incor-
porated elements of educational continuity into 
the overall learning experience.


Some schools have developed interdisciplinary 
“intersessions” or “interclerkships” (courses, gen-
erally of about a week’s duration, interposed be-
tween sequential clerkships) (Fig. 1B)19 and longi-
tudinal “themes” or “threads” (courses that link 
similar content between clerkships) (Fig. 1C).20 
Both models provide opportunities for interdisci-
plinary curriculum design and management. How-
ever, short of major curricular revisions (such as 
consolidating core clerkship objectives or extend-
ing the duration of the overall experience), time 
limitations curtail the ability of either approach 
to reach its full potential.


Many of these new clerkship experiences have 
used small-group, problem-based learning, which 
although a natural locus for interdisciplinary 
teaching,21 had not previously been used in the 
clinical curriculum as commonly as in the pre-
clinical curriculum.22 In England, at the Univer-
sity of Manchester, modules of thematically orga-
nized, problem-based material are now being 
taught alongside traditional discipline-specific 
“attachments” (clerkships).23 Semistructured in-
terviews of Manchester graduates have indicated 
significant gains in dealing with clinical uncer-
tainty, knowing their personal limits, and asking 
for help when these limits are exceeded.24


A variant of problem-based learning has been 


sounding board


Table 2. Potential Barriers to Educational Continuity.


Continuity Barriers


Care Underinvestment in ambulatory care infrastructure
Underinvestment in information technology infrastructure
Traditional academic medical center organization and culture


Curriculum Departmental boundaries and culture
Lack of agreement on educational and assessment strategies
Administrative costs
Inflexible accreditation and other regulatory standards 


Supervision Incremental faculty teaching effort 
Lack of recognition and academic advancement
Narrowness of faculty expertise
Lack of interdisciplinary teaching models
Insufficient competency-based evaluation instruments
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used at the University of Dundee in Scotland to 
integrate content across the entire curriculum.25 
Task-based learning uses the clinical experience 
itself, rather than “paper” cases, to generate ex-
amples of a series of predetermined tasks, with 
the students themselves responsible for finding 
opportunities to explore these tasks as they move 
through a discipline-specific, sequential curricu-
lum. Task-based learning is credited with enhanc-
ing the transfer of basic science knowledge to the 
clinical years as well as providing an opportunity 
for integration of core content across clinical dis-
ciplines without the need to create interdisciplin-
ary teaching teams.26


22p3


AUTHOR:


FIGURE:


JOB: ISSUE:


4-C
H/T


RETAKE


SIZE


ICM


CASE


EMail Line
H/T
Combo


Revised


AUTHOR, PLEASE NOTE:
Figure has been redrawn and type has been reset.


Please check carefully.


REG F


Enon


1st
2nd
3rd


Hirsh/Cox


1 of 1


02-22-07


ARTIST: tv


35608


A Sequential
Discipline-specific


B Sequential
Intersessions


C Sequential
Longitudinal themes


D Sequential
Limited integration


E Sequential
Block ambulatory


F Sequential
Longitudinal ambulatory


G Sequential
Recurring ambulatory


H Mixed


I Longitudinal
Integrated


Figure 1. Clerkship Organization.


Each panel illustrates a different organizational mod-
el, with specialties represented by different colors. 
For simplicity, only four of the six traditional core 
clerkship specialties (internal medicine, obstetrics 
and gynecology, neurology, pediatrics, psychiatry, 
and surgery) are shown. Surgery generally includes 
formal exposure to anesthesiology. Many schools 
now include family and community medicine in the 
core clerkship experience as well; a smaller number 
also include emergency medicine and radiology. The 
models are named for their dominant organizational 
characteristic (sequential, longitudinal, or mixed). In-
terdisciplinary curricular governance and longitudinal 
care experiences greatly enhance educational continu-
ity. Panel A represents the traditional clerkship year,  
a randomly sequenced series of discipline-specific, 
inpatient block rotations. This organization is not 
conducive to continuity of care or supervision and al-
lows for only limited curricular continuity. “Interses-
sion” courses (gray bars) between two or more disci-
pline-specific blocks provide the opportunity for 
interdisciplinary teaching of selected core competen-
cies or other material (Panel B). Core material can 
also be presented as longitudinal “themes” or 
“threads” bridging two or more discipline-specific 
clerkships (Panel C). The sequential model in Panel 
D, in which two related discipline-specific blocks are 
combined, offers opportunities for interdisciplinary 
patient care experiences in the particular disciplines 
involved. Panels E and F represent relatively common 
variants of the traditional clerkship model: the addi-
tion of an ambulatory care experience to the still 
dominant sequential, inpatient model. Ambulatory 
care experiences can be structured as discrete blocks 
(Panel E, darker shades in the first and third blocks) 
or in a longitudinal fashion (Panel F, purple block) 
and may be organized by one or more disciplines. 
Panel G illustrates an as-yet-untried model for retain-
ing discipline-specific immersion experiences and con-
tinuity by alternating inpatient experiences with recur-
ring outpatient rotations (purple block); this may be a 
way of introducing experiences in continuity of care 
without resorting to a strictly longitudinal curriculum 
structure. Panel H is one of many potential mixed 
models in which discipline-specific sequential clerk-
ships are retained (with their time allotment reduced), 
and educational continuity is provided by longitudinal 
ambulatory care experiences, longitudinal mentoring 
and assessment, and a longitudinal interdisciplinary 
curriculum. In Panel I, the clerkships are organized in 
a parallel rather than sequential fashion. For example, 
each week of the clerkship year might contain experi-
ences in all (or most) of the traditional disciplines. In 
this model, students follow patients longitudinally 
across some or all care venues (including across disci-
plines), and the members of the faculty assume collec-
tive ownership of the entire clerkship experience.
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Where curricular content sufficiently overlaps 
disciplines (neurology and psychiatry or obstetrics 
and neonatology, for example), the opportunity 
exists to integrate clerkships more fully across 
disciplinary lines (Fig. 1D). However, although 
there are examples of integration in which relat-
ed clerkships have been grouped together for ad-
ministrative or scheduling purposes, multidisci-
plinary governance and joint teaching have been 
attempted only infrequently and have proved dif-
ficult to sustain in a subspecialty-dominant prac-
tice environment.27-29


Ambulatory care clerkships are another poten-
tial locus for interdisciplinary design and man-
agement. In recent years, block or longitudinal 
ambulatory care clerkships (Fig. 1E and 1F, re-
spectively) — individually or collectively organized 
by departments of family medicine, general inter-
nal medicine, and general pediatrics — have be-
come relatively common components of the core 
clerkship year.30-34 Although single or isolated 
block experiences are an appropriate forum for 
the follow-up of time-limited disorders, they pro-
vide little opportunity for exposure to chronic 
disease management, a major required compe-
tency in the modern practice environment.


Students appear to benefit from longitudinal 
ambulatory care experiences by developing more 
effective relationships with patients, gaining in-
sight into the psychosocial aspects of care, and 
understanding the longitudinal management of 
chronic illness.35 However, this potential is often 
degraded by competing inpatient responsibilities 
and patient-scheduling problems. Recurring am-
bulatory-block rotations devoted exclusively to 
generalist community practice, alternating with 
discipline-specific inpatient blocks (Fig. 1G), 
might provide an effective solution. Combining 
both departmentally based and interdisciplinary 
governance models, this intriguing approach — 
recently suggested to promote continuity in in-
ternal medicine residency education36 — has yet 
to be tested. Applied to undergraduate education, 
however, it would probably require substantial 
lengthening of the traditional clerkship year.


Many permutations of these basic models are 
possible. Any substantial combination of sequen-
tial and longitudinal experiences — so-called 
mixed models — would allow for some degree of 
both discipline-specific immersion and education-
al continuity (Fig. 1H). In a pilot program at Case 
Western Reserve University in Cleveland, for ex-


ample, time was equally divided between tradi-
tional, discipline-specific inpatient rotations and 
ambulatory settings, with ambulatory training 
being provided in specialty clinics and a year-
long continuity experience in one of the general-
ist disciplines.37 Weekly tutorials and seminars, 
organized as longitudinal themes and provided 
by a constant group of faculty mentors, served to 
bridge individual specialty-specific experiences. 
Grade distributions in core clerkships were sim-
ilar, except in psychiatry, in which students in the 
integrated track achieved significantly higher 
scores than did students in the traditional cur-
riculum. They also performed better on a gener-
alist Objective Structured Clinical Examination 
but had a lower mean score on the National Board 
of Medical Examiners’ internal-medicine “shelf” 
exam. A majority of students reported that they 
would choose the integrated third year again and 
would recommend it to others. Similar approach-
es are being tested at several teaching hospitals 
associated with Harvard Medical School and the 
University of California, San Francisco, as part of 
school-wide efforts on medical education reform.


Longitudinal organization of most or all spe-
cialties that are commonly represented in the core 
clerkships (Fig. 1I) is an emerging but still un-
common model. Motivated by the need for grad-
uates who are interested in practicing in medical-
ly underserved areas, some schools have created 
clerkships that place students in longitudinal am-
bulatory care experiences — including primary 
care and multidisciplinary group practices — for 
a significant portion of their clinical training. 
When measured against regional workforce goals, 
these programs have been judged to be quite suc-
cessful.38-43 Students in these variously integrated 
longitudinal clerkships have performed as well 
as their more traditionally trained counterparts 
on local and national examinations of clinical 
competence.44-46


Other schools are testing the feasibility of 
multidisciplinary, cross-site longitudinal integra-
tion without emphasizing primary care or at-
tempting to steer students toward the generalist 
disciplines. In a pilot project at Harvard Medical 
School and the Cambridge Health Alliance in 
Cambridge, Massachusetts, students spend the 
entire third year learning from serial contact with 
a carefully selected cohort of patients recruited 
from their preceptors’ practices in internal medi-
cine, pediatrics, psychiatry, neurology, and ob-
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stetrics and gynecology.47 Each patient is followed 
across all venues of care, including outpatient 
specialty and subspecialty clinics, the inpatient 
setting, and rehabilitative, nursing home, and 
home care. Special arrangements facilitate expo-
sure to patients in the emergency department 
and a full spectrum of general surgical care. 
Weekly case-based tutorials on fundamental top-
ics that seek to integrate basic and clinical sci-
ence, simulation exercises, electronic records, and 
mentored educational portfolios further empha-
size the interdisciplinary and personalized nature 
of the curriculum.48,49


Outcomes data have been encouraging, al-
though the population of participating students 
is as yet small.50 Students see patients far more 
frequently before a diagnosis is made and after 
discharge from the hospital and are supervised 
by experienced faculty, rather than residents, to a 
much greater extent. In tests of knowledge and 
clinical skills, these students perform as well as 
or better than their more traditionally trained 
counterparts. At the same time, clinical precep-
tors and tutorial facilitators are enthusiastic about 
teaching, some for the first time after many years 
of frustration.


conclusions


Only time will tell whether any of these new 
clerkship models will have enduring value or 
whether yet others will need to emerge. Whatever 
the model, the clinical environment must be made 
more receptive to professional development, and 
learning must be embedded in caring for patients. 
Just as patient-centeredness and improvements in 
health care quality are becoming the overarching 
metrics of the health care delivery system, so too 
should learner-centeredness and improvements 
in educational quality become the proximate met-
rics of the medical education system.


The concept of educational continuity — driv-
en by collaborative, interdisciplinary governance 
— provides a sufficiently broad framework to 
accommodate the development and evaluation of 
a wide variety of new models of clinical education. 
Any model of clinical education that emphasizes 
the complex cross-disciplinary skills of doctoring 
rather than preparing students solely for disci-
pline-specific inpatient practice will present sub-
stantial financial, organizational, and cultural 
difficulties,51,52 but the American public deserves 


a health care system second to none.53 Medical 
education reform is one important means to 
this end.


Although considerable heterogeneity of clini-
cal education is ultimately likely, and even desir-
able, the essential features of a new paradigm for 
the 21st century must include a substantive re-
thinking of the relationships among patients, 
students, and teachers and most especially the 
environment in which this relationship either 
prospers or falters. An emphasis on continuity 
of care, curriculum, and supervision provides a 
solid foundation for maintaining and enhancing 
an even more fundamental continuity: the conti-
nuity of idealism. Students enter medical school 
highly idealistic, with core values of altruism, 
empathy, humanism, and service. However, de-
spite being cornerstones of professionalism, val-
ues such as excellence in communication, cultur-
al competence, and attention to social justice, 
actually erode during training.54,55


Attention to educational continuity has the 
potential to forestall such erosion. Continuity of 
care provides students with relevant, extended, 
and serial contact with patients, physician precep-
tors, and other health care professionals. The 
goals of students and patients are aligned, and 
students become natural advocates for their pa-
tients’ interests and needs. Continuity of curric-
ulum creates space for self-reflective practice, 
conceptual integration, and critical thinking, 
without which learning becomes task-based and 
heuristic. As students wrestle with complex pro-
fessional issues, a cohesive curriculum provides 
both a conceptual framework and a practical fo-
rum for explicit learning and development. Mean-
ingful clinical experiences and continuity of su-
pervision support students’ ability to know all 
they can about their patients and their conditions, 
from the basic science underlying the pathophys-
iology to the family and community in which the 
patient lives. Continuity of supervision also pro-
vides the luxury of intergenerational, iterative 
dialogue grounded in practice about values, pro-
fessionalism, and lifelong learning. In this way, 
the entire learning community nurtures and 
maintains a spirit of idealism — idealism that 
will surely be translated into enhanced learning, 
greater patient satisfaction, and more efficient 
and effective medical care.
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The Similarity and Frequency
of Proposals to Reform
US Medical Education
Constant Concerns
Nicholas A. Christakis, MD, PhD, MPH


Objectives.\p=m-\Toidentify the values and agendas underlying reports advocating
the reform of medical education and to account for their similarity and repeated
promulgation.


Data Sources.\p=m-\Majorreports regarding undergraduate medical education re-
form published between 1910 and 1993 were identified through a manual bibliog-
raphic search.


Study Selection.\p=m-\Nineteenof a total of 24 reports met the two inclusion crite-
ria: they directly addressed undergraduate medical education and contained a co-
herent body of recommendations.


Data Extraction.\p=m-\Contentanalysis of 19 reports.
Data Synthesis.\p=m-\Allthe reports articulate a specifically social vision of the


medical profession, in which medical schools are seen as serving society. The re-


ports are remarkably consistent regarding the objectives of reform and the specific
reforms proposed. Core objectives of reform include the following: (1) to better serve
the public interest, (2) to address physician workforce needs, (3) to cope with bur-
geoning medical knowledge, and (4) to increase the emphasis on generalism. Pro-
posed reforms have tended to suggest changes in manner of teaching, content of
teaching, faculty development, and organizational factors. Reforms such as


increasing generalist training, increasing ambulatory care exposure, providing so-


cial science courses, teaching lifelong and self-learning skills, rewarding teaching,
clarifying the school mission, and centralizing curriculum control have appeared al-
most continuously since 1910.


Conclusion.\p=m-\Thesimilarity of the reports' objectives and reforms results not
only from a similar body of problems, but also from the reaffirmation of similar val-
ues. The reports have two implicit agendas that transcend the reform of medical
education: the affirmation of the social nature of the medical profession and self\x=req-\
regulation of the profession. These agendas help account for the reports' similarity
and their repeated promulgation.


(JAMA. 1995;274:706-711)


IN 1910, Abraham Flexner released his
famous report recommending the radi¬
cal reform of medical education in the
United States. While this report was


successful in its main intentions,1 in ret¬
rospect it can be seen as only the initial
salvo in what has been nearly a century
ofsuccessive reform proposals.2"4 Indeed,
in the intervening years, there have been
at least 24 major reports advocating re¬


form, and such reports are currently
emerging virtually annually. Typically,
these reports identify strikingly similar
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problems with medical education, claim
that previous reports have gone rela¬
tively unheeded, argue that reform is
essential and urgent, and prescribe cor¬


rections that are also strikingly similar.
The existence of so many similar re¬


ports in such a relatively short period
raises a perplexing question regarding
medical education: either medical schools
have remained intractably devoted to de¬
ficient modes of education—which seems


unlikely, especially given the real changes
that have occurred in medical education—
or there is another rationale for the pro¬
mulgation of these reports. In this article,
I argue there is an ethos of reform in US
medical education that has two purposes
that transcend improving the educational
experience of medical students: the reaf-


firmation ofcertain core values of the pro¬
fession and the self-regulation of the pro¬
fession. In developing this argument, I
review the reports' objectives and rec¬


ommendations, elucidate their underly¬
ing rhetorical structure, and describe their
implicit and explicit functions in sustain¬
ing the medical profession. Since this
analysis is limited to the reports and does
not include actual educational practice, it
is not possible to assess the extent to which
medical education has evolved as a result
of, or despite, the reform proposals.
METHODS


This article focuses on 19 of 24 major
reports on the status and promise of
medical education published between
1910 and 1993 (Table 1). The 19 reports
directly address undergraduate medi¬
cal education and contain a coherent body
of recommendations.623 Reports not
meeting these criteria are not included
in this analysis.2428 Detailed content
analysis was used to identify and expli¬
cate themes in the reports. I provide
illustrative rather than comprehensive
quotations to illustrate the themes;
greater detail is available elsewhere.29


RESULTS
The Affirmation of Core Values


The purpose of medicine and medical
schools articulated by the reports has
remained relatively constant since 1910.
In general, the reports suggest that
medicine as a discipline and physicians
as professionals exist to serve society.
Flexner, for example, argues, "The medi¬
cal profession is a social organ, created
not for the purpose of gratifying the
inclinations or preferences of certain in¬
dividuals, but as a means of promoting
health, physical vigor, happiness—and
the economic independence and effi¬
ciency immediately connected with these
factors."6<P42)


This dependence of medicine on soci¬
ety is not without consequences; it gen¬
erates a reciprocal obligation of medical
schools and the medical profession to
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Table 1.—Major Reports on the Reform of Undergraduate Medical Education*


Title Sponsor
Medical Education in the United States and Canada Carnegie
Final Report of the Commission on Medical Education AAMC


Medical Education in the United States, 1934-1939 AMA


Medical Schools in the United States at Mid-Century
Physicians for a Growing America PHS


Planning for Medical Progress Through Education AAMC


Medical Education Reconsidered ASA


The Graduate Education of Physicians AMA


Higher Education and the Nation's Health: Policies for Medical
and Dental Education


Carnegie


A Handbook for Change SAMA


Future Directions for Medical Education


The New Biology and Medical Education: Merging the Biological,
Information, and Cognitive Sciences


Macy


Physicians for the Twenty-First Century AAMC


Clinical Education and the Doctor of Tomorrow NYAS


Healthy America: Practitioners for 2005: An Agenda for Action
for US Health Professions Schools


Pew


Improving Access to Health Care Through Physician Workforce Reform PHS
Medical Education in Transition RWJ


Educating Medical Students: Assessing Change in Medical Education,
The Road to Implementation


AAMC


Health Professions Education for the Future: Schools
in the Service of the Nation


Pew


'Reports have been selected for analysis only if they contain a coherent body of recommendations on improving
education at medical schools. Carnegie Indicates Carnegie Foundation; AAMC, Association of American Medical
Colleges; AMA, American Medical Association; PHS, Public Health Service; ASA, American Surgical Association;
SAMA, Student American Medical Association; Macy, Josiah Macy Foundation; NYAS, New York Academy of
Sciences; Pew, Pew Health Professions Commission; RWJ, Robert Wood Johnson Foundation.


accommodate societal needs. Elsewhere,
Flexner notes,
The physician is a social instrument. If there
were no disease, there would be no doctors.
And as disease has consequences that imme¬
diately go beyond the individual specifically
affected, society is bound to protect itself
against unnecessary spread of loss or dan¬
ger_Practically the medical school is a


public service corporation. It is chartered by
the state; it utilizes public hospitals on the
ground of the social nature of its service. The
medical school cannot then escape social
criticism and regulation.5*154'


Similar themes are developed in all the
reports. For example, the 1966 American
Medical Association (AMA) report ob¬
serves, "Medicine exists to serve soci¬
ety_[It] must ever be responsive to
the needs of the society it serves."12*19'
The 1989 New York Academy of Sciences
report notes that "faculties and schools of
medicine are failing in too many instances
to produce socially responsible doctors
who unequivocally recognize medicine as


a social good, not a commercial commod¬
ity »lapin» Ajjj the 1991 rep0rt by the Pew
Health Professions Commission also por¬
trays "the education and training of
health professionals" as being subservi¬
ent to the "health needs of the American
people."19<piii) "Failure to make an effort to
understand and respond [to community
needs]," it argues, "violates the basic
covenant between health professionals
and people they have obligated them¬
selves to serve."19<p4) The reports charac-


terize medical schools as deriving both
their legitimacy and their agenda from
the communities they serve.


In the early part of this century, the
reports contended that medical schools
could meet their obligations to society
primarily by training clinicians. But by
1953, society was seen as having an


equally important need: the advancement
of knowledge. As the 1953 AMA report
states, "Research is an essential activity
of any medical school. It is the means


whereby the schools seek to discharge
their obligation for the advancement of
knowledge... ."^9) The 1982 AMA re¬


port similarly notes the "dual mission" of
medical schools: "Medical schools, as com¬


ponent parts ofuniversities, have as their
primary mission the education of stu¬
dents to become physicians and the gen¬
eration of biomedicai knowledge."15*9'


The explicit statement that medical
schools serve society both reassures the
public that the profession warrants trust
and obviates any outside regulation that
a subordinate relationship would ordi¬
narily permit. Indeed, several reports ar¬


gue that the profession must reform it¬
self, lest outsiders take up the task. For
example, the 1966 AMA report notes,
For any learned profession there are but two
alternatives for establishing standards of
practice and education. Responsibility can be
assumed by society as a whole, operating
through government, or can be assumed by
the organized profession through a volun¬
tarily accepted self-discipline. There are no


other alternatives, for, if the profession does
not take responsibility, society will surely
demand that the vacuum be filled and the
government assume the responsibility.12<p,i)


By the mid 1960s, the relationship be¬
tween the public on the one hand and the
schools and the profession on the other
undergoes a subtle but important trans¬
formation: from voluntary supply of an


essential societal need to involuntary re¬


sponse to an exacting societal demand.
For example, the 1966 American Surgi¬
cal Association (ASA) report observes,
"The number of those who make de¬
mands upon the medical profession has
steadily increased. But superimposed
upon this increase in numbers has been
an even more significant increase in ex¬


pectations_""(pi» Meeting the needs of
the public comes to be configured as a


potentially unreasonable public expecta¬
tion rather than as the appropriate ful¬
fillment of a public trust:


There are pressures for success on the medi¬
cal community that have never before
existed—pressures, moreover, that the com¬


munity itself would dearly like to satisfy,
however unreasonable they may appear_
In the end, this is focused on the school of
medicine. It must provide, somehow, gener¬
alists with a wide range of knowledge and
skills; specialists with a profundity of insight
and the capacity to manage increasingly in¬
tricate facilities; research men who can move


medicine steadily forward toward new goals;
medical men akin in function and in spirit to
systems engineers—all of these in numbers
greater than ever before: and it must do all
this in the face of insatiable public demand
for accomplishment."*2324'
The 1965 Association ofAmerican Medi¬
cal Colleges (AAMC) report notes, "Not
only have expectations risen but, more


importantly, an attitude of'entitlement'
is becoming increasingly prevalent."10*17'
And the 1982 AMA report states, "The
public has ... expected more immediate
results from the money provided for re¬


search. Expectations have not been re¬


alistic. .. ."15("9>
The quasi-adversarial relationship


suggested in these reports, by discus¬
sion of "demands," "expectations," "en¬
titlements," and "rights" that are "un¬
realistic" or "insatiable" is altogether
different from the way such things were


discussed in earlier reports. Before the
1960s, reports conceptualize public exi¬
gencies as "desires," "wishes," or simply
"needs."


The Objectives of Reform


Eight basic objectives of reform
emerge in the proposals to reform medi¬
cal education (Table 2), and these may
be grouped in two categories: core ob¬
jectives and secondary objectives. The
core objectives reflect the social obliga¬
tion ofmedical schools discussed herein,
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occur frequently within each report and
across reports, and address fundamen¬
tal purposes underlying medical educa¬
tion. The secondary objectives are less
tightly linked to the social nature of
medicine, occur less frequently, and are


less fundamental.
In order of their overall centrality to


reform proposals (in terms of the quan¬
tity and quality of the attention they are


accorded within and across the reports),
the four core objectives are (1) to better
serve the public interest, (2) to address
physician workforce needs, (3) to cope
with burgeoning medical knowledge, and
(4) to increase the generalist character
of medical education.


The first core objective, to better meet
the needs of the community, is not re¬


stricted to the number and type of phy¬
sicians produced by medical schools; it
also refers to the types of diseases inves¬
tigated by medical schools and to the way
those schools deliver health care. For in¬
stance, the 1932 AAMC report empha¬
sizes the fact that reforms are needed to
bring medical education into "a more sat¬
isfactory relationship" with the "needs of
society."<Kpl, In the most explicit exposi¬
tion of this objective, linking the proposed
reform of medical education and the na¬


ture of the medical profession, the 1993
Pew report observes,
The health professions are respected be¬
cause of the special, almost sacred, role they
have in matters of life and death. This most
human of all enterprises—welcoming new


life, aiding the sick, and comforting the
dying—should be one that is always held in
the highest esteem by those who benefit
from these services. The only legitimate
source for such a position in society is when
it is drawn from the health care needs of the
public. If the professions are to be reserved
from becoming just associations for health
care workers, then their work must begin
and end on the fundamental values that de¬
fine and shape their calling.23*13'


The second core objective of reform is
to address the workforce needs of soci¬
ety, in terms of numbers of physicians
and their distribution. This objective,
like the foregoing one, grows out of the
social covenant of medical schools. For
example, the need to increase the num¬


ber of physicians was a powerful objec¬
tive of medical education reform from
the mid 1960s to the late 1970s, and the
1965 AAMC report noted,
Few persons


...


believe [the medical educa¬
tion] improvements needed are matters of
minor adjustment. Most point to the need to
take major steps to improve medical edu¬
cation—to enable the nation to produce more


and better prepared physicians and other
health personnel.10*™'
There is an almost deliberate conflation
of the "improvement" of medical edu¬
cation on the one hand and increasing
the number of physicians on the other.


The third core objective is to cope with
the burgeoning knowledge base of medi¬
cine. For example, the 1965 AAMC re¬


port begins with the observation, "Dur¬
ing the past half century, advances in
medicine have been more significant and
rapid than in any previous periods of hu¬
man history."10*1' It elaborates further,
The phenomenal growth of knowledge during
this period has increased at an ever-accel¬
erating pace. Although still attempted, it is
becoming more apparent to the educator that
it is no longer possible to provide encyclopedic
coverage ofthe contents and skills ofmedicine
within the limited time available.10*9'


The 1992 Robert Wood Johnson Foun¬
dation report similarly observes, "Bio-
medical research has created an explo¬
sion in the volume, complexity, and rate
of change of medical information. When
the sum of it all seems to strain human
cognitive capacities, the effective man¬


agement of information becomes criti¬
cal."21*81 Reform is needed, the reports


argue, to enhance the way the educa¬
tional system handles this constant "ex¬
plosion" of knowledge.


The fourth core objective of reform,
to maintain a "broad" and "generalist"
character to medical education, finds two
expressions: to reform education so that
it is less "fragmented" and to reform
education so as to increase student in¬
terest in generalist careers. In the con¬


text of discussing the goals of reform,
the 1966 AMA report notes, "Special¬
ization, with all of its advantages, has
led to a fragmentation, an insufficiency
of physicians who are competent and
willing to offer comprehension and
continuing care."12<p30) The 1989 New
York Academy ofSciences report notes,
"Clinical education has drifted away from
being a broad preparation of the undif-
ferentiated doctor and is becoming an


increasingly fragmented, technically-
oriented training program for special¬
ists."12*110' With respect to the objective
of increasing the emphasis on general-
ism, the reports are virtually unanimous.
Arguing that specialization was corrupt¬
ing undergraduate medical education,
the 1932 AAMC report observes,
There has been a tendency in recent years to


attempt to provide instruction in the medical
course in the various special fields of prac¬
tice. This has been responsible in part for the
great overburdening of the curriculum and
the confusion regarding the purposes of the
basic training. Changes in the methods and
forms of practice should not be the guide for
determining the educational needs of the
medical students.6*172'


The 1982 AMA report summarizes
this objective of reform as follows:


The major theme of this report is the balance
between generalism and specialism required
to permit individuals to develop into well-
educated physicians who possess a broad
perspective of society.... The basic premise
underlying many of the recommendations in


Table 2.—Explicit Objectives of Proposals to Reform Medical Education*


Report Year
I-1


Objectives 1910 1932 1940 1953 1959 1965 1966a 1966b 1970 1972 1982 1983 1984 1989 1991 1992a 1992b 1992c 1993


Core
Serve changing public interest


Address physician workforce
needs


Cope with burgeoning knowledge X


Foster generalism; decrease
fragmentation


Secondary
Apply new educational methods


Address changing nature
of illness burden


Address changing nature
of practice


Increase quality and standards
of education


*The objectives are listed roughly in order of their overall centrality to reform proposals, in terms of the quantity and quality of the attention they are accorded within and across
the reports. For example, though "increasing the quality and standards of education" is moderately common, it is often the subject of brief treatment within the reports, and it
is rarely acknowledged explicitly as an important objective. See Table 1 for titles of reports corresponding to years indicated.
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this report is that physicians should be
broadly educated ifmedicine is to continue to
be a highly respected profession.16<pl)


Fostering generalism is implicitly linked
with the special relationship between the
medical profession and society.


The four secondary objectives ofmedi¬
cal education reform, in order of cen-


trality, are (1) to apply new methods of
teaching, (2) to address the changing
illness burden confronted by society, (3)
to address the changing nature of prac¬
tice arrangements, and (4) to increase
the quality of education.


Part of the impetus to reform has been
the desire to apply ostensibly new peda¬
gogic methods. For example, the first
sentence ofthe 1932 AAMC report states
as its purpose "to make suggestions
which would bring [medical education]
into more satisfactory relationships with
the newer conceptions and methods of
university education."6*1' The 1966 ASA
report similarly notes that "the change
in the understanding ofeducational pro¬
cess [is] one of the bases of the need for
change."11'?30'


Efforts to reform medical education
have also had the twin objectives of
bringing medical education into align¬
ment with the changing nature of medi¬
cal practice and the changing illness bur¬
den in society. For example, the 1984
AAMC report notes that "medical fac¬
ulties should adapt the general profes¬
sional education of students to changing
demographics and the modifications oc¬


curring in the health care system," that
"chronic disease is growing dramati¬
cally," that "acute care hospital utiliza¬
tion is decreasing," and that "new or¬


ganizational forms [for delivering health
care] have appeared_"17<p6)


Increasing the quality of medical edu¬
cation, while a fairly common objective of
reform, is rarely explicitly treated as im¬
portant or central in the reports. When
this objective does appear, especially in
the early reports, it is usually out of con¬


cern that too many practitioners of "in¬
different" quality were being let loose on


an "innocent public."


The Proposed Reforms
The reports have been extraordinar¬


ily consistent in the specific reforms pro¬
posed to achieve the eight objectives
delineated herein and to correct the per¬
ceived deficiencies in medical educa¬
tion—to the point that the wording of
some of the recommendations is iden¬
tical. Reforms may be grouped in four
categories: manner of teaching, content
of teaching, faculty development, and
organizational factors. As shown in
Table 3, few reforms emerge as truly
novel. Many currently popular reforms


have been advocated since the earliest
reports and have appeared almost con¬


tinuously since then.
In some cases, there is a relatively


straightforward link between the ob¬
jective of reform and the specific reform
proposed in the report. For example,
the burgeoning of medical knowledge
drives changes in the content of educa¬
tion and also drives the necessity to teach
students habits of "lifelong learning."
Addressing societal workforce needs is
directly linked to a number of specific
reforms, such as increasing class size,
decreasing the length of training, and
moving curricular elements from medi¬
cal school back to undergraduate schools.
And the changing nature of disease pat¬
terns and practice arrangements is of¬
ten used to motivate proposals to in¬
crease the social sciences. In other cases,
however, the link between the objec¬
tives and the reforms is less explicit; for
example, the proposal to reform evalu¬
ation methods is only implicitly linked
with the objective of increasing the qual¬
ity of medical school education.


Teaching students to be lifelong learn¬
ers has been the most consistent reform
proposed by the reports, appearing in
virtually all of them. While the term "life¬
long learning" first appeared in the 1983
Josiah Macy Foundation report,16<p67' the
notion was present from the beginning of
efforts to reform medical education; for
example, the 1932 AAMC report notes,
"[Medical school] can only begin the edu¬
cation of the physician, for he must re¬


main a student throughout life."6*171'
Similarly, the reports endorse "problem-
solving methods of teaching that require
students to seek out, rather than be given,
information"17*12' and "educational expe¬
riences that require students to be ac¬


tive, independent learners and problem-
solvers rather than passive recipients of
information."20'1'30'


The most common proposals regarding
the content taught at medical schools are


to increase generalism and ambulatory
care exposure, and many reports recom¬
mend outpatient over inpatient settings
for education. The proposal to increase
the amount of social science training in
the curriculum is a prominent manifesta¬
tion of the reports' articulated commit¬
ment to the notion of medicine as a social
good, although what is considered to be a


"social science" has varied considerably
over the years.


Proposals to reward teaching have
been around since the earliest reports
as well. The 1932 AAMC report ob¬
serves,
If clinical teaching is to attract and hold
teachers of the caliber and ability which it
requires, and provide a corps of younger in¬
structors from which the senior members of


the staff may be recruited, there must be a
fuller recognition of the freedom and dignity
which such work should command.... It is
vital that universities provide the induce¬
ments which will attract and hold clinicians
of the caliber and ability which teaching in
this field requires and which the responsi¬
bilities for the care of patients in the hospi¬
tals and clinics demand.6*245,248'


The 1970 Carnegie Commission report
recommends that universities "place
greateremphasis on teachingas a reward¬
ing scholarly activity for the faculty,
especially in connection with salary and
promotion policies."13*92' Similar invo¬
cations appear in virtually every sub¬
sequent report.


CONCLUSION
Proposals to reform medical education


have three rhetorical parts: they articu¬
late (1) a purpose ofmedicine and medical
schools, (2) objectives of reform, and (3)
specific reforms. These three parts are


systematically related: the reforms are in
keeping with the objectives, which are in
keeping with the perceived purpose. In
addition to sharing this rhetorical struc¬
ture, the reports have also articulated a


remarkably similar purpose of medicine,
identified remarkably similar objectives
of reform, and proposed remarkably simi¬
lar reforms. For nearly a century, in spite
ofdramatic changes in the context in which
medicine is practiced (in terms of the ill¬
ness burden in the United States, the di¬
agnostic and therapeutic armamentarium,
and the organization of medical care), the
reports suggesting reform of US medical
education have been strikingly similar in
structure, content, and tone.


What accounts for this similarity?
There are at least three possible expla¬
nations. One is that the problems with
medical education are inherently irre¬
mediable. Another is that efforts to
achieve reform, and the commitment to
do so, have been inadequate. But, as


indicated herein, a more likely explana¬
tion is that important purposes in ad¬
dition to reform may underlie and mo¬


tivate the promulgation of these reports.
With respect to the first explanation,


it does not seem credible that problems
in medical education are insoluble or that
medical education cannot be changed.
Indeed, several reports acknowledge
that significant change in medical edu¬
cation has occurred.8,10,21 Nevertheless,
it is also true that there are certain struc¬
tural problems inherent in medical edu¬
cation that are themselves invariant. For
example, each report has had to contend
with the problem that there has always
been and will always be too much to
know; medical knowledge is theoreti¬
cally and practically limitless. Moreover,
the solution to this problem is to sug-
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Table 3.—Major Proposed Reforms*


Proposed Reform


Report Year
I I
1910 1932 1940 1953 1959 1965 1966a 1966b 1970 1972 1982 1983 1984 1989 1991 1992a 1992b 1992c 1993


Manner of teaching
Teach lifelong learning
Teach self-learning
Use case method or


problem-based learning
Decrease lectures


Increase Interdisciplinary
teaching


Increase mentorship
Reform evaluation methods


Use standardized patients
Increase unscheduled time


Encourage public service


Content of teaching
Increase generalism
Increase ambulatory care


Foster humanism


Increase social sciencet
Stress prevention
Stress community health


Teach information-
handling techniques


Foster team skills


Faculty development
Reward teaching
Improve teaching


Organizational factors
State mission and values


Centralize control
of curriculum


Centralize control of budget
Integrate clinical and


basic sciences


Split clinical and basic
sciences


Modify admission
requirements XXX


Shorten medical school


Lengthen medical school


Increase university control    


Decrease the number
of physicians or schools


Increase the number
of physicians or schools    


Bring residency under
medical school control


*Not all reforms ever proposed in all reports are listed. Some of the proposed reforms included in the table were implicit and some explicit in the reports. See Table 1 for
titles of reports corresponding to years indicated.


f'Social science" is variously configured by the reports to include economics, ethics, behavioral science, and history, in addition to sociology and the like.


gest ways that the knowledge might be
assimilated during a longer period (thus,
the concept of lifelong learning or the
lengthening of postgraduate medical
training) or more efficiently (thus, prob¬
lem-based learning and other pedagogic
innovations). A further, relatively con¬


stant structural problem is that of how
many and what type of physicians to
produce. Optimizing the fit between
workforce production and societal needs
is a never-ending task, since societal
needs necessarily change. Each report
has thus had to deal with this problem
and has tended to propose relatively


straightforward corrective modifications
in medical education.


The second explanation also seems un¬


likely to fully account for the similarity
of the reports. Medical educators ex¬


press substantial support for the spe¬
cific reforms reviewed herein; indeed,
the educators are typically the propo¬
nents of reform. For example, the great
majority of educators in one recent sur¬


vey strongly supported reforms such as


"develop a system for evaluating and
rewarding faculty for teaching excel¬
lence," "increase the integration between
basic sciences and the clinical phases of


medical student education," "develop
testing mechanisms to evaluate students'
independent problem-solving skills," and
"move more clinical education from in-
patient to ambulatory and community
settings."30


This brings us to the third explana¬
tion. Sociologist Samuel Bloom has ar¬


gued that the history of "reform without
change" in medical education is accounted
for by the fact that "medical education's
manifest humanistic mission is little more


than a screen for the research mission,
which is the major concern of the insti¬
tution's social structure."3'11294' In my view,
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this is too cynical a perspective. Rather,
both the similarity of the reports and
their repeated promulgation may be seen


to arise from the fact that the reports
have two important functions other than
their explicit one of reforming medical
education: the affirmation ofcertain core


professional values and the self-regula¬
tion of the profession.


The reports are all based on a con¬


sistently social vision of medicine and
the medical profession, a vision that re¬


flects an important professional value
and provides the basis from which all
subsequent objectives and reform pro¬
posals arise. To the extent the reports
are all built on identical foundations, they
are similar. Moreover, reaffirmation of
this vision serves to legitimate medical
education. When the gap between what
medical schools are supposed to provide
their communities and what they actu¬
ally provide is seen as having widened
inordinately, an impetus to change
emerges from within the profession. By
espousing the realignment of societal
needs with medical school objectives,
the reports preserve the role of medi¬
cine within society. And since the health
care needs of a society change with the
passage of time, the impetus to promul¬
gate reform proposals is ever present.


To a large extent, the four core ob¬
jectives of the reform of medical edu¬
cation are about the nature of the pro-


fession, about its values, missions, and
role. The objectives address key crite¬
ria for being considered a profession.31
Specifically, better serving the public
permits claims to being a profession;
addressing workforce needs serves to
keep control of entry in the profession
within the profession; coping with the
increasing amount of medical informa¬
tion helps identify the boundaries of pro¬
fessional knowledge; and preserving the
generalist character of medical educa¬
tion provides a core set of functions for
every medical professional, thereby de¬
fining the essential body of knowledge
required to be identified as in the pro¬
fession. By reaffirming the social values
that underlie the profession and by en¬


gaging the nature and extent of its
knowledge base, the reports support the
moral and cognitive claims to profes¬
sional expertise and autonomy.


These two tacit functions of the re¬


ports do not so much constitute discrep¬
ancies between their actual and stated
purposes as they constitute additional
purposes of the reports. The urge to
reform is perennial; for example, new


reports sponsored by the AMA, the Al¬
legheny Health, Research, and Educa¬
tion Foundation, and others are on the
horizon. Nevertheless, it is important to
realize what such reports can and can¬


not do. On the one hand, these reports
encounter substantial and real obstacles


to reform, and it is well to ask whether
exhortations of official bodies are ca¬


pable of radically changing the behavior
of complex and long-standing academic
institutions. But, as we have seen, these
reports still fulfill important purposes.


The analysis presented herein should
be useful to medical educators as they
continue to advocate or implement re¬


form and as they struggle to articulate
the role of medical education in our so¬


ciety. This analysis should clarify the
agenda of past reform proposals, eluci¬
date the range of previous proposed re¬


forms and the values motivating them,
serve as a departure point for future
reform efforts, and encourage a healthy
skepticism about the potential for change
in response to reform proposals. It should
also underscore the elements absent
from prior reports—such as attention to
medical students themselves and a criti¬
cal examination of the larger social and
economic forces impinging on medical
education—elements that might benefit
from attention in the future.


This work was supported by a Peter W. Swazey
Fellowship from the Acadia Institute, Bar Harbor,
Me, by a National Research Service Award Fel¬
lowship from the Agency for Health Care Policy
and Research, and by the Department of Medicine,
University of Chicago, and was conducted under
the auspices of the Acadia Institute/Medical Col¬
lege of Pennsylvania Project on Undergraduate
Medical Education.


I am grateful to Renée C. Fox, PhD, for her con¬


siderable help with this work.
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From the Editor


Redesigning Clinical Education: A Major
Challenge for Academic Health Centers


In last month’s editorial, I indicated that
I had asked the editorial board to
consider whether the journal should play
a greater role in helping current and
future leaders of academic medicine gain
a better understanding of some of the
important challenges facing academic
health centers. Since the board and I
agreed that the journal should take on
that role, Academic Medicine will begin in
the near future to publish more articles
(Viewpoints, Articles, and Research
Reports) that address those challenges. In
the hopes of stimulating potential authors
to submit such manuscripts, I will outline
in a future editorial some of the important
institutional issues that the editorial board
and I believe should be addressed in articles
appearing in the journal.


To illustrate the kind of issue that
deserves attention in the journal, I will
comment in this editorial on what I
believe to be one of the most important
challenges facing medical schools and
teaching hospitals.


To begin, I call attention to two major
reports on academic health centers
(AHCs) that provide an important
context for the decision to focus more of
the journal’s attention on major
institutional issues. In 2003, The
Commonwealth Fund Task Force on
Academic Health Centers issued a report
that summarized the results of its work
over the previous seven years.1 And in the
same year, the Committee on the Roles of
Academic Health Centers in the 21st


Century—a committee convened by the
Institute of Medicine (IOM)—published
its own report.2 In weighing the
importance of the conclusions and
recommendations appearing in the
reports, readers should recognize that
both panels were composed of leaders in
academic medicine—individuals who
understand clearly from first-hand
experience the nature of the issues being
faced by AHCs.


I’m surprised at how little attention the
reports seem to have received. I suspect
that they were read and discussed within
the various organizations that represent


either AHCs or the individual institutions
that make up AHCs (medical schools,
teaching hospitals, and other health
professions schools). But I don’t recall
that any of those organizations, or others
that represent various elements of the
academic medicine community, issued
detailed responses that set forth strategies
for how the academic community should
respond to the issues the panels
identified, or that challenged the reports’
conclusions and recommendations.


Because Academic Medicine serves the
interests of both medical educators and
institutional leaders, I think it is
appropriate for the journal to focus
attention on these reports, since both
place special emphasis on how important
it is for AHCs to meet the critical
challenges facing their education mission.
The IOM Committee was perfectly clear
about this:


The committee believes that among all of
the AHC roles, education will require
the greatest changes in the coming
decade . . . . We regard education as one
of the primary mechanisms for initiating
a cultural shift toward an emphasis on the
needs of patients and populations and a
focus on improving health, using the best
of science and the best of caring.


And in keeping with this view, The
Commonwealth Fund Task Force called
on the institutions to assume more direct
responsibility for the quality of the
educational programs they sponsor.


With that in mind, let me comment on
what is clearly one of the major
challenges that AHCs must meet
successfully if they are to fulfill their
education mission—that is, how can
medical schools and teaching hospitals
ensure in today’s health care
environment that medical students and
residents have opportunities to learn how
to provide high-quality medical care?


To appreciate the magnitude of this
challenge, readers must recognize that
students and residents cannot learn
clinical medicine adequately unless they
participate on a regular basis and in a


developmentally appropriate manner in
structured apprenticeship experiences
that allow them to observe master
clinicians interacting with and providing
care to patients. And for those
experiences to be most effective, the
patients involved must have conditions
that are relevant to the learners’ stage of
education and training. And for that to
occur, the encounters must take place in
the clinical venues where those patients
are currently seeking care.


Now, many of those responsible for the
clinical education of medical students
recognize that assigning students to
teams caring for patients on the inpatient
services of major teaching hospitals—the
traditional approach that has dominated
the teaching of clinical medicine for
decades—is no longer the best way to
promote students’ learning of clinical
medicine. The reality is that the kinds of
patients admitted to those services, the
increasingly specialized nature of the
services, the dynamics of care provided
on the services, and the composition of
the teams to which the students are
attached have all changed dramatically in
recent decades. These changes have had a
major and often negative effect on students’
ability to learn clinical medicine. Among
other things, students generally do not
encounter (in sufficient numbers, or at all)
the kinds of patients they should for
optimal learning, and their role as members
of the inpatient team has become
increasingly marginalized. The end result is
that students assigned to those teams are
no longer having a meaningful
apprenticeship experience. Recognizing
this, medical schools are assigning an
increasing number of their students to
clerkship experiences based in other clinical
settings where the types and mix of patients
are more appropriate for their stage of
learning.


The situation is more complex when it
comes to the education of residents. First,
the changes that have occurred in major
teaching hospitals affect some specialties
more than others. Second, because
residents are further along in their
training, they are more likely to benefit
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educationally from some of the encounters
they experience in hospital settings.
Nevertheless, residency program directors
in some specialties are facing major
challenges as they attempt to ensure the
quality of their residents’ educational
experiences. And in turn, the approaches
that may have to be adopted to address
those challenges present particular
difficulties for the medical schools and
teaching hospitals that are the institutional
sponsors of those programs.


For example, let us consider the current
situation facing internal medicine. I think
many would agree that internal medicine
residencies have been profoundly affected
by the changes that have occurred on the
inpatient services of major teaching
hospitals. Many in the internal medicine
community recognize the growing
challenge that internists face in caring for
patients afflicted with one or more
chronic diseases. As a result, they believe
that the amount of time internal
medicine residents should spend in
ambulatory care and other clinical
settings should be substantially increased.
At issue is not whether there are
important lessons to be learned by
participating in the care of patients
hospitalized on the medicine services of
major teaching hospitals. The issue is
whether those experiences are adequate
to allow residents to learn what an
internist, regardless of whether the
individual practices general internal
medicine or one of the subspecialties,
needs to know to provide high-quality
care in the 21st century.


My purpose in focusing on internal
medicine is not to enter the debate on how
internal medicine residency programs
should be redesigned—that debate is fully
under way within that internal medicine
community. Instead, I am using the
internal medicine situation to make an
important point. A redesign process that
results in some residents’ being transferred
from the inpatient services of teaching
hospitals to other clinical venues—an
approach recommended by many —will
clearly have an effect on the institutions
that sponsor the programs. In particular,
teaching hospitals—the institutions that
finance the programs—will face a daunting
challenge in developing acceptable
arrangements for continued funding of the
programs. And reaching agreement with
clinical faculty on how the services that
residents now provide on inpatient services
will be provided in the future is likely to
present an even greater challenge.


Be that as it may, those who hold
leadership roles in medical schools and
teaching hospitals must meet the
challenges noted above if the clinical
education of future physicians is to
prepare them adequately to provide high-
quality care to the patients that seek their
help. To do so, they must play an active
role in the design of the clinical education
experiences that students and residents
will need in ambulatory care settings and
other clinical care venues. They must be
involved in determining how the quality
of those educational experiences will be
documented, and how they will be


managed and financed. In addition, they
need to spend time thinking about how
the clinical education experiences
available on the inpatient services of
teaching hospitals might be redesigned to
increase their educational value for
students and residents. And they will also
have to determine how other educational
strategies—such as the use of virtual
patients and other simulation
exercises— can complement what
students and residents can learn from
their involvement in the care of real
patients.


In my view, the readers of Academic
Medicine and the academic medicine
community at large will benefit if the
journal publishes articles that provide
insight into how those objectives can be
achieved or that describe how some
institutions have begun to address these
important challenges. Readers should
recognize that this is a “Call for Papers”
on that topic, something we will
frequently do for other institutional
topics in the months ahead.


Michael E. Whitcomb, MD
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Announcement
A New Item in the Journal . . .


Scientists at the nation’s medical
schools and teaching hospitals are
responsible for many of the world’s
most important medical
breakthroughs. The �Discoveries and
Innovations in Patient Care and
Research� database of the Association
of American Medical Colleges (AAMC)
�www.aamc.org/innovations� has
collected over 800 medical milestones
spanning almost two centuries and
allows for searching by keyword,


disease category, institution name,
state name, or date of discovery. In an
effort to further promote the
contributions of our nation’s medical
schools and teaching hospitals, as we
do in each month’s cover note, the
journal will highlight some of the
discoveries listed on this database in a
new �Did You Know?� feature.


The database continues to welcome
submissions—the goal is to have the


most complete resource of its kind for
the academic medicine community. To
contribute your institution’s biomedical
breakthroughs or for more information
on this database, contact Nicole
Buckley, AAMC Office of
Communications,
�nbuckley@aamc.org�.
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Outcomes of longitudinal integrated clinical
placements for students, clinicians and society
Lucie Walters,1 Jennene Greenhill,2 Janet Richards,2 Helena Ward,3 Narelle Campbell,4 Julie Ash3 & Lambert
WT Schuwirth3


CONTEXT Longitudinal integrated clerkships
(LICs) have been widely implemented in both
rural and urban contexts, as is now evident in the
wealth of studies published internationally. This
narrative literature review aims to summarise cur-
rent evidence regarding the outcomes of LICs for
student, clinician and community stakeholders.


METHODS Recent literature was examined for
original research articles pertaining to out-
comes of LICs.


RESULTS Students in LICs achieve academic
results equivalent to and in some cases better
than those of their counterparts who receive
clinical education in block rotations. Students in
LICs are reported to have well-developed patient-
centred communication skills, demonstrate
understanding of the psychosocial contributions
to medicine, and report more preparedness in
higher-order clinical and cognitive skills in com-
parison with students in traditional block rota-
tions (TBRs). Students in LICs take on increased
responsibility with patients and describe having
more confidence in dealing with ethical dilem-
mas. Continuity of supervision reportedly facili-


tates incremental knowledge acquisition, and
supervisors provide incrementally progressive
feedback. Despite early disorientation regarding
the organising of their learning, students feel well
supported by the continuity of student–preceptor
relationships and value the contributions made
by these. Students in LICs living and working in
rural areas are positively influenced towards pri-
mary care and rural career choices.


DISCUSSION A sound body of knowledge in
the field of LIC research suggests it is time to
move beyond descriptive or exploratory research
that is designed to justify this new educational
approach by comparing academic results. As the
attributes of LIC alumni are better understood, it
is important to conduct explanatory research to
develop a more complete understanding of these
findings and a foundation for new theoretical
frameworks that underpin educational change.


CONCLUSIONS Longitudinal integrated
clerkships are now recognised as representing
credible and effective pedagogical alternatives
to TBRs in medical education.
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INTRODUCTION


Longitudinal integrated clerkships (LICs) are widely
implemented by medical schools internationally in
both rural and urban contexts.1,2 A collaborative
known as the International Consortium of Longitu-
dinal Integrated Clerkships (CLIC) has developed a
consensus definition for these programmes accord-
ing to which they have the following features:
students participate in the provision of comprehen-
sive care of patients over time; students participate in
continuing learning relationships with these patients’
clinicians, and students meet the majority of the
year’s core clinical competencies across multiple
disciplines simultaneously through these experi-
ences.3,4


Initially, longitudinal rural medical education pro-
grammes were developed in response to rural
medical workforce shortages.5 In 1970 and 1971,
respectively, the Washington, Wyoming, Alaska,
Montana, Idaho Program (WWAMI), and the Rural
Physician Associate Program (RRAP) (in Minne-
sota) were established with the aim of improving
the distribution of doctors within rural areas in
these parts of the USA. Discipline-focused block
rotations in primary care community clinical units
and later in obstetrics and gynaecology, paediatrics,
psychiatry and internal medicine were strung
together to provide 9–12-month rural preceptorship
elective programmes for medical students. Although
these programmes provided a longitudinal experi-
ence in a single rural town, they did not deliver an
integrated curriculum.6,7


Longitudinal ambulatory placements became a rela-
tively common way of providing exposure to the
family medicine curriculum in the early 1990s.8 In
1993 in England, the Cambridge Community-Based
Clinical Course (CCBCC) was designed to meet the
majority of core clinical competencies across the
whole curriculum. In the CCBCC, four volunteer
students undertook a 15-month placement based in a
single general practice and followed patients when
they were admitted to the district general hospital
a short distance away. This integrated placement took
the place of traditional block rotations (TBRs) in
general medicine, general surgery, geriatrics and
other specialty attachments.9


Increased pressure for clinical placements in
regional hospitals10 and recognition that medical
students have limited exposure to the breadth of
medical conditions when they are based in tertiary


hospitals11–13 resulted in the more widespread
movement away from the block rotation model of
clinical placements.1,14–17 In 1997, the USA WWAMI
Rural Integrated Training Experience (WRITE) was
developed and has since evolved into a 20-week
community clerkship based in rural primary care, in
which students follow doctors and patients through
the health care continuum and receive credit for
clerkships in general practice, paediatrics, psychiatry
and a community research project while participat-
ing in the programme.7 Meanwhile, in Australia the
Flinders University Parallel Rural Community Cur-
riculum (PRCC) took this innovation a level further
by basing students in rural procedural primary care
for a full academic year and enabling them to meet
the full breadth of their curriculum requirements
over multiple medical disciplines.18 Continuity of
relationships with clinical supervisors and patients is
enhanced through the longitudinal nature of
placements.19


Longitudinal integrated clerkships have now become
more widely established in urban areas; examples
include the Harvard Medical School Cambridge
Integrated Clerkship in Boston and Cambridge,
Massachusetts USA (HMS-CIC), and the University of
California San Francisco’s Parnassus Integrated Stu-
dent Clinical Experiences (PICES) in San Francisco,
developed to promote understanding of the patient
experience and thus to promote humanism in
practice,20,21 and Flinders University’s Onkaparinga
Clinical Education Programme (OCEP) in Adelaide,
South Australia, which has a social accountability
mandate to expand clinical placements into urban
low socio-economic areas of need.22


Although many LIC programme researchers have
published comprehensive articles outlining pro-
gramme outcomes, there has not been a collective
review of the outcomes of these programmes across
sites. The aim of this article is to present a narrative
review of the medical education literature on the
effectiveness of LICs for key stakeholders, particu-
larly students, clinician preceptors and society
generally. A narrative review encompasses the broad
scope of research in this emergent field of medical
education, rather than selecting studies based on a
narrow set of criteria. This type of review shows
there is extensive evidence about the value of LIC
in comparison with TBRs and sets the stage for
further more explanatory studies to increase our
theoretical understanding of the value of LICs,
Such understanding is helpful in designing more
focused future comparative studies.
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METHODS


Literature published from 1996 to 2012 and pertain-
ing to medical student learning during longitudinal
integrated placements was examined; this period
represents that during which LIC programmes were
developed internationally. The MEDLINE (OVID),
Scopus, Wiley Interscience, Informat and Web of
Knowledge databases were searched for original
research and descriptive articles. Search terms in-
cluded:


• ‘medical student’ or ‘medical program[me]’ or
‘medical education’, and


• ‘community-based medical education’ or ‘longi-
tudinal integrated clerkships’, and


• ‘outcomes’ or ‘results’ or ‘academic achieve-
ment’ or ‘career’ or ‘workforce’ or ‘values’ or
‘performance’ or ‘community engagement’ or
‘social accountability’.


The search was then broadened by including any
relevant articles referenced by or citing this initial
group. Inclusion criteria were developed by consen-
sus among the members of the research team and all
articles describing outcomes of urban or rural LICs
that met the CLIC definition were included in the
study. The length of time that constitutes a longitu-
dinal clinical placement in medical education is
contested and for that reason programmes of
< 6 months in duration and those that did not meet
the core curriculum components in multiple disci-
plines were excluded. A thematic analysis was con-
ducted to define the major content areas of papers
found in the literature. Situated learning theory was
used as a conceptual framework.23 In this theory,
learning is considered to be a complex interchange
among the student, teacher and the context in which
learning takes place. Therefore, this framework was
used to consider the findings from the literature for
each of the major stakeholder groups of, respectively,
students, clinicians and society.


RESULTS


Initially, 19 original research papers were identified
in the literature search. Another 39 papers were
subsequently identified from the references and
citations of the original articles. In total, 58 articles
met the search criteria. These included 13 original
research articles containing quantitative data20,24–35,
27 containing qualitative data, and,1,22,36–60 18
containing both qualitative and quantitative
data.14,18,21,61–75


As our approach provides a narrative review and not a
systematic review, we did not categorise studies
according to levels of evidence; instead, studies were
classified according to the type of evidential support
they provided for the outcomes they studied. There-
fore, for quantitative studies we differentiated be-
tween papers employing inferential statistical analysis
and papers using descriptive statistics only. For
qualitative studies, we differentiated papers reporting
thematic analysis with saturation of themes from
papers that were only descriptive and reported no
clear evidence of thematic saturation. Table 1 pre-
sents the various papers according to the methodol-
ogies used in the studies and the three overarching
aims of LICs, which included the provision of
continuity of curriculum, continuity of care and
continuity of supervision.3 The aims are then
grouped according to the main student outcome
categories of academic results, student clinical per-
formance, student values and ethics, and student
learning experience. Impacts on clinical supervisors
and society through student career intentions and
outcomes are also outlined. We chose to weigh our
description of the results in each theme towards the
sounder studies (i.e. quantitative studies with statisti-
cal analysis and qualitative studies based on a
conceptual framework and theme saturation). In
addition, we decided to include all of the original
research papers identified in order to ensure com-
pleteness (Table 1).


Academic results


Academic results refer to marks gained by students in
summative assessments. The evaluation of academic
results of students participating in LICs has shown
that examination performance is at times better,
usually no different and rarely poorer relative to that
of their peers who participated in block rotation
clinical placements (Table 2).18,20,21,24,26–28,61–65 With
the exception of one study,26 these studies all
represent single-institution studies often with small
numbers of self-selected students.18,20,21,24,27–28,61–65


Only two studies explicitly considered previous aca-
demic performance, student background and learn-
ing preferences.21,24 A study by Worley et al.24 tracked
students’ individual performance and demonstrated
equivalent academic outcomes accounting for these
potential confounders. However, this study24 risks
some bias as the written examinations at Australian
medical schools are developed and set within the
institution. By contrast, the strength of the American
studies refers to the fact that LIC students’ results in
National Board shelf examinations are comparable
across institutions.20,21,62
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Table 1 Major themes in outcomes of longitudinal integrated clinical placements


Type of methodology


Quantitative
data with


statistical
analysis


Qualitative data
analysis including
thematic analysis
with saturation or


conceptual
framework developed


Quantitative data


with descriptive
statistics only


Descriptive
study only,
scant evidence of
conceptual


framework or
theme saturation


Continuity of curriculum
Academic results Worley61


Worley et al.24


Schauer & Schieve62


Ogur et al.20


Hansen & Simanton25


Denz-Penhey & Murdoch63


Poncelet et al.21


McLaughlin et al.26


Hirsh et al.27


Couper et al.37 Worley & Lines28


Worley et al.18


Lines et al.64


Oswald et al.14


Walters et al.65


Worley & Walters35


Lines et al.64


Worley et al.18


Oswald39


Sturmberg et al.40


Student clinical


performance


Ogur et al.20


Walters et al.66


McLaughlin et al.26


Hirsh et al.27


Denz-Penhey et al.67


Zink et al.41


Walters et al.42


Halaas68 Worley et al.18


Norris et al.1


Zink et al.69


Poncelet et al.21


Continuity of care
Student values


and ethics


Ogur et al.30 Worley et al.43


Prideaux et al.44


Gaufburg et al.45


Denz-Penhey & Murdoch46


Ogur & Hirsch47


Zink et al.41


Couper & Worley48


Couper et al.37


Walters et al.49


Worley50


Worley51


Mahoney et al.52


Student learning experience Worley61 Ogur et al.20


Worley et al.29


Zink et al.69


Denz-Penhey & Murdoch63


Poncelet et al.21


Hirsh et al.27


Oswald et al.14


Worley61 Worley50


Worley51


Denz-Penhey et al.67


Prideaux et al.44


Gaufburg et al.45


Mihalynuk et al.53


Zink et al.69


Denz-Penhey & Murdoch46


Ogur & Hirsch47


Cohen54


Denz-Pehney & Murdoch71


Couper et al.37


Walters et al.42


Hauer et al. 55


Mazotti et al.56


Alderson & Oswald35


Couper70
Worley et al.39


Halaas68


Schauer & Schieve62


Couper70


Worley & Walters38


Farry et al.57


Poncelet et al.21


Continuity of supervision
Impact on clinical supervisors Worley & Kitto30


Walters et al.71


Walters et al.31


Walters et al.66


Walters72


Hudson et al.73


Walters et al.71


Worley et al.43


Couper58


Walters et al.66


Denz-Penhey & Murdoch46


Walters72


Teherani et al.59


Couper & Worley48


Walters et al.42


Hauer et al.55


Mazotti et al.56


Hudson et al.60


Hudson et al.73


Oswald39


Walters et al.65


Poncelet et al.21


Mahoney et al.22


Career intentions ⁄ outcomes Worley et al.32


Zink et al.33


Couper58


Stagg et al.36


Halaas68


Halaas et al.34


Stagg75 Stagg et al.74


Stagg74 Stagg75
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Table 2 Evidence on academic results


Academic results Outcome measured Study findings in LIC group (n) versus control group (n) and statistics


Academic results better University-specific final


written examination


LIC (40) versus TBR (331) Mean 69.3% versus 65.2%�24,61


Large-town LIC (68) versus metro TBR (342) Mean 72.3% versus 71.0%*63


Small-town LIC (48) versus metro TBR (342) Mean 72.4% versus 71.0%*63


Shelf subject


examination scores


Psychiatry


LIC (8) versus TBR (170) Mean scores 81.25 versus 72.13 (ES 0.92)�20


LIC (27) versus TBR (45) Mean scores 80.22 versus 71.86*27


Culture, legal, ethical and organisational


LIC (27) versus TBR (108) Mean Z-scores + 0.37 versus ) 0.09 (ES 0.44)§26


Paediatrics


LIC (27) versus TBR (45) Mean scores 80.62 versus 74.79�27


University-specific


subject examinations


Paediatrics


LIC (8) versus TBR (64) written exam mean scores 73.5 versus 62.5 (N ⁄ A)64


LIC (8) versus TBR (64) OSCE scores 73.5 versus 62.5 (N ⁄ A)64


OSCE clinical


performances


LIC (8) versus TBR (170) Mean scores 70.0 versus 60.8 (ES 1.31)�20


LIC (23) versus TBR (206) Mean scores 67.1 versus 65.6*21


LIC (27) versus TBR (45) Mean scores 68.13 versus 64.34*27


LIC (8) versus TBR (8) Mean marks out of 60 44.6 versus 42.3 (N ⁄ A)28


LIC (8) versus TBR (64) Mean marks 69.9% versus 63.0% (N ⁄ A)18


No difference in


academic results


USMLE Step 1 LIC (29) versus TBR (296) Mean scores 211.2 versus 210.7 NSS62


LIC (23) versus TBR (206) Mean scores 227.9 versus 228.9 NSS21


LIC (29)§ versus TBR (296)§ Mean scores 211.2 versus 210.7 NSS62


USMLE Step 2 LIC (29) versus TBR (296) Mean scores 213.7 versus 214.7 NSS 62


LIC (23) versus TBR (206) Mean scores 231.6 versus 234.5 NSS21


LIC (29)§ versus TBR (296)§ Mean scores 213.7 versus 214.7 NSS62


LIC (27) versus TBR (45) Mean scores 240.63 versus 234.14 NSS27


Shelf subject


examination scores


Obstetrics and gynaecology


LIC (8) versus TBR (170) Mean scores 77.13 versus 70.60 NSS20


LIC (29) versus TBR (296) Mean scores 74.8 versus 73.9 NSS62


LIC (27) versus TBR (45) Mean scores 73.70 versus 71.73 NSS27


Paediatrics


LIC (8) versus TBR (170) Mean scores 76.25 versus 71.04 NSS20


LIC (29)§ versus TBR (296)§ Mean scores 74.6 versus 74.7 NSS62


Surgery


LIC (8) versus TBR (170) Mean scores 77.38 versus 70.87 NSS20


LIC (29)§ versus TBR (296)§ Mean scores 73.6 versus 72.6 NSS62


LIC (27) versus TBR (45) Mean scores 76.85 versus 73.33 NSS27


Internal medicine


LIC (29)§ versus TBR (296)§ Mean scores 74.3 versus 73.6 NSS62


Family medicine examination kit


LIC (15)§ versus TBR (142)§ Mean scores 86.7 versus 87.7 NSS62


Clinical decision making


LIC (25) versus TBR (108) Mean Z-scores ) 0.27 versus + 0.07) NSS§26


Not academically


disadvantaged


University-specific final


written examination


LIC (8) versus TBR (64) Mean rank improved and all discipline scores


show higher results in all five specialty disciplines (N ⁄ A)18


LIC (7) versus TBR (83) Mean rank improved 17 places in 90 (N ⁄ A)65


Academic results poorer OSCE clinical performance LIC (27) versus TBR (108) Mean Z-scores ) 0.36 versus + 0.09 (ES 0.48)§26


* p < 0.05; � p < 0.01; � p < 0.001
§ Multisite study
LIC = longitudinal integrated clerkship; NSS = no statistically significant difference (p ‡ 0.05); OSCE = objective structured clinical examination;
TBR = traditional block rotation; USMLE = US Medical Licensing Examination
Text in italics and N/A = no statistical analysis presented in paper
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Student clinical performance


There is support for the notion that the LIC expe-
rience results in the development of skills and
attitudes beyond those supported by the formally
assessed curriculum.39,70 Quantitative studies using
Likert scale self-assessment surveys, and qualitative
studies using rigorous methods, including saturation
of themes and the triangulation of participant views,
have presented findings of LIC students’ clinical
performance (Table 3). Students report having in-
creased patient-centred skills including better devel-
oped clinical communication skills,20,27,63,70,76 and
demonstrate a deeper understanding of the psycho-
social component of the biopsychosocial model of
illness of the Tasks of Medicine Scale.20,27,41,47 There
is some qualitative evidence to suggest that LIC
students have greater recognition of and respect for
other health professional roles.41 Students on LICs
more actively contribute to the health care of patients
and report improved understanding of their own
limits.21,41,42,47,66,69 Students on LICs self-report
greater levels of higher-order clinical skills including
greater confidence in dealing with uncertainty,27


reflective practice,20,27,41,69 being self-directed, 39,63,69


and understanding the health care system.27,47 Sev-
eral studies proposed that these skills may explain
student self-assessments and clinician reports that
LIC students are work-ready18,27,41,42,69 and better
prepared to be competent patient-centred junior
doctors.1,27,58,77


Student values and ethics


Table 4 outlines study findings regarding student
values and ethical competence. Continuity of super-
vision in LIC programmes has been proposed to allow
for a more predictive evaluation of student profes-
sional competencies.26 Students on LICs are reported
to have increased patient-centredness through their
empathy with patients20,27 and a greater sense of
responsibility to patients in comparison with their
tertiary hospital-based peers.20,41,47,77 Students who
undertake LICs also demonstrate significant public
orientation in their ethos.41,43,44,49,50 As a result of a
sense of citizenship, LIC students may choose to
contribute to the community in which they study.49


These students are more likely than their tertiary
hospital block rotation peers to report incorporating
primary health care concepts into their clinical
practice. Through their longitudinal relationships
with patients, LIC students experience challenges
defining the scope of their roles as medical students
and obtain experience in managing student–patient
interpersonal boundaries.45 This exposure increases


their confidence in dealing with ethical dilem-
mas.20,45


Students’ learning experiences


Several studies have proposed mechanisms for the
important differences in the clinical performance,
values and ethics outcomes described above (Table 5).
The quantity of clinical exposure may be important as
students in these programmes report better access to
patients with a broader range of presenting condi-
tions.20,29,58,70 It has also been proposed that success-
ful clinical learning matches the predominant
kinaesthetic (learning through action) learning style
of students who self-select to participate in LICs38.


Continuity of supervision is reported to facilitate
knowledge acquisition in an incremental manner;
frequent feedback reinforces core knowledge, and
clinical skills are learned through the performance of
tasks tailored to individual student needs.21,54–56,77 In
this context, students describe themselves as pro-
gressively taking on more complex clinical responsi-
bilities under the mentorship of the same
supervisor.53 When patient care involves tasks beyond
the capabilities of the medical student, the active
observation of clinician experts can enable the
student to identify his or her learning needs.78


Learning experiences are not always comfortable.27


Several studies have highlighted the uncertainties
created when the learning opportunities are un-
planned and are determined according to the needs
of the particular patient who walks through the
door.18,58 Students have identified gaps in their
clinical exposure, particularly in psychiatry and
paediatrics,37,70 and describe finding it difficult to
organise what they have learned into the discipline-
based structure of medical curriculum and assess-
ment processes.37,53,58 Despite these experiences of
uncertainty, students in LICs describe feeling very
supported by clinicians and university staff and are
more likely to describe being treated as a near-peer
by experienced doctors and to consider themselves
as active members of the health care
team.27,44,50,51,53,76


Impact on clinical supervisors


Doctors experience tension between the demands of
clinical service and the commitment to teaching
medical students.31,53,59 Rural general practitioners
describe strong interest in participating in LICs
despite concerns of workforce shortages, time pres-
sure and financial impact because they perceive these
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Table 3 Studies investigating attributes of student clinical performance


Clinical


performance sub-themes Outcomes measured


Study findings in LIC group (n) versus control group (n) and statistics


Themes saturated in qualitative studies


Patient-centred skills Clinical


communication skills


Student Likert scale survey


Self-reported: programme prepared them for involving patients in decisions LIC (8) versus


VC (11) Mean scores 5.5 versus 4.4 (ES = 1.18 of 6)*20


LIC (27) versus TBR (40) Mean scores 5.59 versus 4.55�27


Self-reported: programme prepared them for relating well to diverse populations


LIC (8) versus TBR (170) Mean scores 5.88 versus 5.10 (ES = 1.34 of 6)*20


LIC (27) versus TBR (40) Mean scores 5.89 versus 4.67�27


Insight into the psychosocial


component of the


biopsychosocial


model of illness


Tasks of Medicine Scale (TOMS) ranking of psychosocial


tasks LIC (8) versus VC (11) Mean scores 4.22 versus 3.12 (ES = 1.54)�20


Student Likert scale survey


Self-reported: programme prepared them for understanding


how the social context affects patients and their problems


LIC (8) versus VC (11) Mean scores 5.75 versus 4.70 (ES = 1.4 of 6)*20


LIC (27) versus TBR (40) Mean scores 5.89 versus 4.67�27


Qualitative themes:


Patients taught students about their illness and its impact on


their lives and the lives of their families41,47,69


Health professional


team skills


Recognition and respect of


other team members


Thematic analysis of student and preceptor interviews:


Recognition of team members and their roles41


Reflected on effective team membership41,42


Contributing member of the


health care team


Quantitative data from video analysis shows LIC students in


general practice contribute to patient history, examination,


case presentations, patient management and clerical work66


Increased contribution to health care team cf. block rotations


Qualitative data from preceptor reports,21,42 and student interviews41,47,69


Clinical autonomy Student Likert scale survey


Self-reported preparedness to know own strengths and limitations


LIC (27) versus TBR (40) Mean scores 5.44 versus 4.85*27


Increased level of responsibility and clinical autonomy


Qualitative data from student42,47 and preceptor21,42,69 interviews


Clinical and cognitive skills In-training report of


clinical skills


Preceptor assessment: LIC (27) versus TBR (108) Mean Z-scores


of clinical skills + 0.71 versus ) 0.18 (ES 0.88) �26


Dealing with uncertainty Student Likert scale survey


Self-reported confidence in dealing with problems with no clear answers


LIC (27) versus TBR (40) Mean scores 5.48 versus 4.55�27


Reflective practice skills Student Likert scale survey


Self-reported: programme prepared them to be self-reflective


LIC (8) versus VC (11) Mean scores 5.50 versus 4.10 (ES = 1.48 of 6)*20


LIC (27) versus TBR (40) Mean scores 5.70 versus 4.62�27


Thematic analysis of student interviews41,69


Work-readiness Student Likert scale survey


Self-reported less preparedness to practise in the hospital setting


LIC (27) versus TBR (40) Mean scores 4.63 versus 5.07*27


Self-reported more preparedness to practise in the ambulatory setting


LIC (27) versus TBR (40) Mean scores 5.89 versus 4.22�27


Self-reported higher knowledge base necessary to be a competent doctor


LIC (27) versus TBR (40) Mean scores 5.11 versus 4.47�27


Students and preceptor interviews


Felt well prepared to progress to role of doctor14,18,41,42,69


Self-directed Thematic analysis of student interviews39,63,69


Primary health care Student Likert scale survey


Self-reported: programme prepared them to understand


how the health care system works


LIC (27) versus TBR (40) Mean scores 5.26 versus 4.07�27


Qualitative data from student interviews


Increased exposure to, and interest in, chronic disease management and primary care32,47,68,70


* p < 0.05; � p < 0.01; � p < 0.001
ES = effect size; LIC = longitudinal integrated clerkship; TBR = traditional block rotation; VC = students volunteering for LIC programme who
undertook traditional block rotations as study controls
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placements to provide more meaningful engagement
with student learning and capacity to recruit into
their discipline.60,65 Time pressure is reported to be
reduced in LICs in which clinicians and students
build a collaborative working relationship and in
which there is a progressive increase in the legitimate
contribution of students to the work of the clinical
team.1,30,31,43,58 Parallel consulting models of


precepting in longitudinal community-based
programmes have been shown to be cost-neutral after
several months, with the ultimate financial benefit
manifested by the future recruitment of students to
areas of workforce shortage.30,31,73 Surveys of faculty
satisfaction at HMS–CIC showed that 82.6% of all
faculty staff involved in teaching found their profes-
sional lives to be more satisfying because of their


Table 4 Studies regarding student values and ethical competence


Values and


ethics sub-theme


Outcomes


measured


Study findings


LIC group (n) versus control group (n) and statistics


Themes saturated in qualitative studies


Professional attributes


generally


In-training evaluations


of professional attributes


LIC (27) versus TBR (108) Mean Z-scores of professional


attributes + 0.62 versus ) 0.16 (ES 0.76)�26


Patient-centredness Empathy with patients Improved patient–practitioner orientation scale results


LIC (27) versus TBR (45) Mean scores


pre-clerkship 5.00 versus 4.87 NSS27


LIC (27) versus TBR (45) Mean scores


post-clerkship 5.10 versus 4.78*27


Student Likert scale survey


Self-reported preparation for being truly caring of patients


LIC (8) versus VC (11) Mean scores 5.75 versus 4.90


(ES 1.21 of 6)*20


LIC (27) versus TBR (40) Mean scores 5.93 versus 5.07�27


Self-reported: programme prepared them for involving


patients in decisions LIC (8) versus VC (11) Mean


scores 5.5 versus 4.4 (ES = 1.2 of 6)*20


Thematic analysis


Understanding the cost of illness41


Sense of responsibility Inspired commitment and advocacy: thematic


analysis of student focus groups41,47, and preceptor interviews42


Public orientation Citizenship Feel responsible to the community: qualitative


data from preceptor reports, multidisciplinary primary


health care providers and student interviews41,43,44,49,50,52


Primary health care Qualitative data from student interviews42,48,60,70


Clinical ethics Confidence in dealing with


ethical dilemmas


Student Likert scale survey


Self-reported: programme prepared them for dealing


with ethical dilemmas LIC (8) versus VC (11) Mean


scores 5.13 versus 3.70 (ES = 1.4 of 6)*20


LIC (27) versus TBR (40) Mean scores 5.33 versus 4.17�27


Themes from interviews and narratives


Managing interpersonal boundaries45


Defining appropriate scope of medical student role45


* p < 0.05; � p < 0.01; � p < 0.001
ES = effect size; LIC = longitudinal integrated clerkship; NSS = no statistically significant difference (p ‡ 0.05); TBR = traditional block rotation;
VC = students volunteering for LIC programme who undertook traditional block rotations as study controls
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Table 5 Studies investigating the student learning experience


Theme Sub-themes


Study findings


LIC group (n) versus control group (n) and statistics


Themes saturated in qualitative studies


Access to


patients


Patient numbers Qualitative study theme: greater


numbers of patients18,61


Wider breadth


of presentations1


LIC students logged equal or more


exposure to core diagnoses20


See patients through the


course of the illness1,18


More LIC students (n = 27) than TBR students


(n = 45), indicated they saw patients before


admission (70% versus 17%) and post-discharge


(89% versus 12%)�20,27


Qualitative study theme:


Patient panel most appealing aspects of LIC21


Active learning Learning style Qualitative study theme: active role matches kinaesthetic


learning style of self-selected students38


Legitimate role in patient care, More LIC students (n = 27) than TBR students (n = 45)


indicated they made a difference to patients’ health or


well-being (85% versus 60%) (p < 0.01)27


Qualitative study theme: increased patient responsibility 20,21,29,42,53,67


Curriculum integrated Qualitative study theme:


Curriculum just ‘walks through the door’58,83


Students initially disorientated in their learning18,37,53,58


Longitudinal


relationships


Relationships with


patients as people


More LIC students (n = 27) than TBR students (n = 45),


indicated they established meaningful relationships with


patients (100% versus 55%) (p < 0.01)27


Qualitative study theme: patients taught student about


illness and its effects on them and their families41,42


Continuity of supervision


increases quality of clinical


teaching


Faculty teaching


Mean 4.7 cf. 4.3


ES = 0.06 (p < 0.001)21


Student 5-point Likert scale survey


Self-reported adequacy of direct observation of clinical skills


LIC Mean 4.4 cf. TBR 3.8 (ES = 0.09 of 5)�21


Self-reported adequacy of feedback on student performance


Mean 4.2 cf. 3.8 (ES = 0.05 of 5)�21


More LIC students (n = 27) compared with TBR students


(n = 40) indicated they received feedback on clinical performance


(90% versus 33%) (p < 0.01)27


Self-reported satisfaction with feedback LIC (27) versus


TBR (40) Mean scores 50.8% versus 17.5%*27


Qualitative themes:


Improves individualised learning and quality of observation 42,56


Frequent reinforcement of core knowledge and skills55


Understanding student developmental trajectories55


Better atmosphere


for learning


Student 5-point Likert scale survey


Self-reported by LIC students (n = 27) as being statistically


significantly more satisfying,� confidence building,�


rewarding� humanising,� despite being more hectic,�


more stressful� and similarly frustrating (NSS) compared


with the TBR (n = 40)27


Qualitative themes:


Preceptors commit to advancing students clinical development42,55


Preceptors provide mentorship18,36,42


* p < 0.05; � p < 0.01; � p < 0.001
ES = effect size; LIC = longitudinal integrated clerkship; NSS = no statistically significant difference (p ‡ 0.05); TBR = traditional block
rotation; VC = students volunteering for LIC programme who undertook traditional block rotations as study controls
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involvement.20 In this situation, patient care and
student teaching are no longer seen as competing
activities, but each contributes to the performance of
the other.42 As the student–preceptor relationship
develops, clinicians come to value the contributions
of medical students, report high levels of satisfaction
with precepting and take increased ownership of
student learning.42,70,72 Preceptors also appreciate
the opportunity to come together with other inter-
ested colleagues as a community of practice in clinical
teaching.42,60


Career outcomes


Preliminary evidence from LICs indicates that stu-
dents who experience living and working in rural
areas are positively influenced towards primary care
and rural career choices.32,33,68,74 How this exposure
influences student career choice is complex; however,
perceptions of preceptors as role models and their
subsequent career mentorship are central factors.58,76


There is some evidence that longer LIC placements
have greater impact.79,80


DISCUSSION


Collectively, the studies published to date compare
the academic results of 308 LIC students with those of
more than 1690 peers from 28 separate class cohorts
across nine medical schools in three continents. A
number of studies demonstrate statistically significant
differences in academic outcomes.21,24,63 The spread
of student results between groups is similar to the
spread within groups, adding further strength to the
conclusion that LICs are highly likely to produce
student academic results that are comparable with or
better than those achieved on TBRs.


It is important to stress that most studies of LIC
academic results represent published examples of
small-scale internal quality control processes which
sought to demonstrate that no disadvantage occurred
to students as a result of their participation in a LIC.
It is therefore reassuring that none of these studies
showed any disadvantage of concerning effect size.
Instead, several studies demonstrated academic
advantage.


This is not to say that a straightforward interpretation
is always possible. Some studies may be more difficult
to interpret as a result of methodological limitations.
These include lack of randomisation, significant
potential confounding factors, and low statistical
power. However, given the large numbers of studies


that have reached similar conclusions, it is likely that
any detrimental effect on student academic results
would have been identified. One possible exception
is the high-stakes nature of final examinations in all
contexts. This represents a major confounding factor
as students will work to maximise their performance
and hide any gaps in their knowledge. This effect of
summative assessment may have led students to
engage in extracurricular examination-specific study-
ing and may thus have led to a Hawthorne effect.81,82


Focusing merely on academic results achieved in
formal examinations may oversimplify and under-
value other positive learning outcomes of LICs.
Evidence suggests these programmes provide stu-
dents with greater opportunities to develop higher-
order clinical skills, interprofessional teamwork skills
and a more patient-centred approach to their
practice.20,27,41,47,69,32,33,68,74 In a complex adaptive
health care system, it is important for doctors to have
the cognitive capacity to balance and engage a
positivist, reductionist, scientific view of illness and
the constructivist, integrative, patient-centred stance
of an empathetic clinician. Longitudinal integrated
clerkships seem to negotiate this paradox in medical
education more effectively, with LIC students seeking
to move freely between these complementary view-
points. Students on LICs have better opportunities to
develop their values and contextualise their clinical
ethics.20,27,45,83 These findings demonstrate that LIC
programmes do not merely represent an organisa-
tional change to manage logistical student placement
pressures, but present a strong argument for the
consideration of the LIC as a pedagogical evolution
in clinical education.


Our review highlights findings that LICs also provide
insights into clinical supervision and workforce issues.
Recent literature relating to clinical supervision
outlines the tension that doctors experience between
the demands of clinical service and the commitment
to teaching medical students.31,53,59 The cost and
time pressures experienced as a consequence of this
tension have been identified in both the hospital and
ambulatory care context.71,84 These pressures are
reported to be reduced in LICs in which clinicians
and students build a collaborative working relation-
ship which features a progressive increase in the
legitimate contribution of the student to the work of
the clinical team.1,30,31,43,58


The findings of this study create an imperative for
more explanatory research into LICs with a focus on
generating better understanding of how LICs influ-
ence student learning outcomes. This would make
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the findings of research studies more transferrable to
other learning contexts.


Unfortunately, the assumption that students’ aca-
demic success largely reflects the impact of medical
education approaches seems to perpetuate the dom-
inance of justification research in this area and
propagates the expectation that each LIC pro-
gramme in each new context must be tested to flush
out any exceptions. This seems odd because a better
theoretical understanding of the specific factors that
are most likely to underlie the beneficial effects of
LICs would enable considerably better-targeted com-
parative studies. Therefore, we would argue that
there is a need for explanatory studies that seek to
understand the differences in programme outcomes
for students undertaking different clerkship models
and the wider systemic benefits for clinicians and
communities. We would argue that more work is
required to understand how LICs affect learning by
examining the issue through a range of theoretical
lenses such as those of behaviourism, cognitivism and
social learning theories.


In addition, there is an increasing societal aspect
that is yet to be considered. The current systematic
bias against career progression to primary care,
particularly in areas of poor health status, is a
consequence of the dominance of a medical school
culture that is ‘urban, technologically intensive, and
specialty-dominant’.85,86 Medical schools have an
implicit social responsibility to create a future
health care workforce that is able to improve both
health status and health equity within the commu-
nities it serves. The recruitment and retention of a
rural family doctor workforce is an important
measure of this social accountability mandate, and
is the main driver of government policy for the
funding of LIC programmes based in rural
areas.58,87 We hope that this aspect of LICs will also
feature prominently on the future research agenda.


CONCLUSIONS


This study summarises the current best-available
evidence justifying the LIC as a credible educational
alternative to the traditional programme of block
rotations in medical education. Student academic
outcomes no longer need to be questioned. Studies
to date suggest that LIC students are fundamentally
changed by the LIC experience and many emerge
transformed at a very human and personal level, and
that this transformation is recognised and valued by
their clinical supervisors. However, to date these


studies have failed to present a complete explanation
for this learning process. Research should, therefore,
focus on understanding how and why LICs are an
effective, theoretically sound, dynamic curriculum for
medical education. This understanding will help
medical schools to produce resilient alumni with the
capabilities they will require to improve society’s
health outcomes equitably.


Contributors: LW made a substantial contribution to the
original and revised conception and design of the study,
conducted an extended literature review and analysed and
interpreted the data. She was responsible for creating the
first draft of the article and for the drafting of subsequent
revisions. JG made a substantial contribution to the original
conception and design of the study, and to the revision of
the first draft of the paper. JR performed the initial
literature review, and analysed, reviewed and contributed to
the final interpretation of the data. HW, NC and JA
reviewed and contributed to the final interpretation of the
data, and revised the first draft of the paper critically for
important intellectual content. LS contributed to the
design of the study, the organising principle for the
interpretation of outcomes and the final interpretation of
the data, and commented on and added to the revisions of
the manuscript. LW reworked the tables as suggested by the
referees. LS and JG revised the resubmission critically for
important intellectual content. All authors approved the
final manuscript for submission.
Acknowledgements: none.


Funding: LW’s position is funded through the core Rural
Clinical School grant from the Australian Commonwealth
Department of Health and Ageing. The funding source had
no involvement in the study.
Conflicts of interest: LW is academic director of Flinders
University Parallel Rural Community Curriculum.
Ethical approval: not applicable.


REFERENCES


1 Norris TE, Schaad DC, De Witt D, Ogur B, Hunt D.
Longitudinal integrated clerkships for medical stu-
dents: an innovation adopted by medical schools in
Australia, Canada, South Africa, and the United States.
Acad Med 2009;84 (7):902–7.


2 Strasser R, Hirsh D. Longitudinal integrated clerkships:
transforming medical education worldwide? Med Educ
2011;45:436–7.


3 Hirsh D, Ogur B, Thibault G, Cox M. New models of
clinical clerkships: ‘continuity’ as an organising prin-
ciple for clinical education reform. N Engl J Med
2007;356 (8):858–66.


4 International Consortium of Longitudinal Integrated
Clerkships. Consensus Longitudinal Integrated Clerkship
Definition. CLIC Meeting; 10–14 November 2007;
Cambridge, MA.


1038 ª Blackwell Publishing Ltd 2012. MEDICAL EDUCATION 2012; 46: 1028–1041


L Walters et al







5 Ranmuthugala G, Humphreys J, Solarsh B, Walters L,
Worley P, Wakerman J, Dunbar J, Solarsh G. Where is
the evidence that rural exposure increases uptake of
rural medical practice? Aust J Rural Health 2007;15
(5):285–8.


6 Verby J. The Minnesota rural physician associate
programme for medical students. J Med Educ
1988;63:427–37.


7 Ramsey PG, Coombs JB, Hunt DD, Marshall SG,
Wenrich MD. From concept to culture: the
WWAMI Program at the University of Washington
School of Medicine. Acad Med 2001;76 (8):
765–75.


8 Prislin M, Feighny K, Stearns J, Hood J, Arnold L,
Erney S, Johnson D What students say about learning
and teaching in longitudinal ambulatory primary care
clerkships: a multi-institutional study. Acad Med
1998;73:680–7.


9 Oswald N, Jones S, Date J, Hinds D. Long-term com-
munity-based attachments: the Cambridge course. Med
Educ 1995;29:72–6.


10 Medical Workforce Expansion in Australia. Commit-
ment and Capacity. 9th International Medical Work-
force Collaborative Conference, 15–19 November 2005,
Melbourne, Vic.


11 Oswald N. Where should we train doctors in the future?
BMJ 1991;303:71.


12 White K, Williams T, Greenberg B. The ecology of
medical care. N Engl J Med 1961;265:885–92.


13 Crotty B. More students and less patients: the squeeze
on medical teaching resources. Med J Aust 2005;183
(9):444–5.


14 Oswald N, Alderson T, Jones S. Evaluating primary care
as a base for medical education: the report of the
Cambridge Community-based Clinical Course. Med
Educ 2001;35:782–8.


15 Wallace P, Berlin A, Murray E, Southgate L. CeMENT:
evaluation of a regional development programme
integrating hospital and general practice clinical
teaching for medical undergraduates. Med Educ
2001;35 (2):160–6.


16 Prideaux D. Medical education in Australia: much has
changed but what has remained? Med Teach
2009;31:96–100.


17 Ash J, Walters L, Prideaux D, Wilson I. The context of
clinical teaching. Med J Aust 2012;196 (7):475 https://
www.mja.com.au/journal/2012/196/7/context-clin-
ical-teaching-and-learning-australia. [Accessed 25 Au-
gust 2012].


18 Worley P, Silagy C, Prideaux D, Newble D, Jones A. The
parallel rural community curriculum: an integrated
clinical curriculum based in rural general practice. Med
Educ 2000;34 (7):558–65.


19 Irby D. Educational Continuity in Clinical Clerkships. N
Engl J Med 2007;356 (8):856–57.


20 Ogur B, Hirsh D, Krupat E, Bor D. The Harvard
Medical School–Cambridge Integrated Clerkship: an
innovative model of clinical education. Acad Med
2007;82:397–404.


21 Poncelet AN, Bokser S, Calton B, et al. Development of
a longitudinal integrated clerkship at an academic
medical centre. Med Educ Online 2011;16:5939.


22 Mahoney S, Walters L, Ash J. Urban community-based
medical education – general practice at the core of a
new approach to teaching medical students. Aust Fam
Physician 2012;4:798–4.


23 Lave J, Wenger E. Situated Learning: Legitimate Peripheral
Participation. New York, NY: Cambridge University Press
2007;47–58.


24 Worley P, Esterman A, Prideaux D. Cohort study of
examination performance of undergraduate medical
students learning in community settings. BMJ
2004;328:207–9.


25 Hansen L, Simanton E. Comparison of third-year
student performance in a 12-month longitudinal
ambulatory programme with performance in a tradi-
tional clerkship curriculum. S D Med 2009;62 (8):315–7.


26 McLaughlin K, Bates J, Konkin J, Woloschuk W, Sud-
dards C, Regehr G. A comparison of performance
evaluations of students on longitudinal integrated
clerkships and rotation-based clerkships. Acad Med
2011;86 (10 Suppl):25–9.


27 Hirsh D, Gaufberg E, Ogur B, Cohen P, Krupat E,
Cox M, Pelletier S, Bor D. Educational outcomes of
the Harvard Medical School–Cambridge Integrated
Clerkship: a way forward for medical education. Acad
Med 2012;87 (5):643–50.


28 Worley P, Lines D. Can specialist disciplines be learned
by undergraduates in a rural general practice setting?
Preliminary results of an Australian pilot study. Med
Teach 1999;21 (5):482–4.


29 Worley P, Prideaux D, Strasser R, March R, Worley E.
What do medical students actually do on clinical rota-
tions? Med Teach 2004;26 (7):594–8.


30 Worley P, Kitto P. A hypothetical model of the financial
impact of student attachment on rural general practice.
Rural Remote Health 2001;1:83 Available from: http://
www.rrh.org.au. [Accessed 25 August 2012.].


31 Walters L, Worley P, Prideaux D, Lange K. Do consul-
tations in rural general practice take more time when
practitioners are precepting medical students? Med
Educ 2008;42:69–73.


32 Worley P, Martin A, Prideaux D, Woodman R, Worley
E, Lowe M. Vocational career paths of graduate entry
medical students at Flinders University: a comparison
of rural, remote and tertiary tracks. Med J Aust 2008;188
(3):177–8.


33 Zink T, Centre B, Finstad D, Boulger JG, Repesh L,
Westra R, Christensen R, Brooks KD. Efforts to gradu-
ate more primary care physicians and physicians who
will practise in rural areas: examining outcomes from
the University of Minnesota-Duluth and the rural phy-
sician associate programme. Acad Med 2010;85:599–
604.


34 Halaas GW, Zink T, Finstad D, Bolin K, Center B.
Recruitment and retention of rural physicians: out-
comes from the Rural Physician Associate Program of
Minnesota. J Rural Health 2008;24 (4):345–52.


ª Blackwell Publishing Ltd 2012. MEDICAL EDUCATION 2012; 46: 1028–1041 1039


Outcomes of longitudinal integrated clinical placements







35 Alderson T, Oswald N. Clinical experience of medical
students in primary care: use of an electronic log in
monitoring experience and in guiding education in
the Cambridge Community-based Clinical Course. Med
Educ 1999;33:429–33.


36 Stagg P, Prideaux D, Greenhill J, Sweet L. Are medical
students influenced by preceptors in making career
choices, and if so how? A systematic review. Rural Remote
Health 2012;12:1832http://www.rrh.org.au. [Accessed
25 August 2012.].


37 Couper I, Worley P, Strasser R. Rural longitudinal
integrated clerkships: lessons from two programmes on
different continents. Rural Remote Health 2011;11: 1665.
http://www.rrh.org.au. [Accessed 25 August 2012.]


38 Worley P, Walters L. Rural Medical Immersion
Programme Evaluation Report. Dunedin: University of
Otago 2007.


39 Denz-Penhey H, Shannon S, Murdoch JC, Newbury J.
Do benefits accrue from longer rotations for students
in rural clinical schools? Rural Remote Health
2005;5:414 http://www.rrh.org.au. [Accessed 25 Au-
gust 2012.]


40 Sturmberg J, Reid AL, Thacker JL, Chamberlain C. A
community-based, patient-centred longitudinal medi-
cal curriculum. Rural Remote Health 2003;3:210 http://
www.rrh.org.au. [Accessed 25 August 2012.]


41 Zink T, Halaas GW, Brooks K. Learning professional-
ism during the third year of medical school in a 9-
month clinical rotation in rural Minnesota. Med Teach
2009;31:1001–6.


42 Walters L, D P, Worley P, Greenhill J. Demonstrating
the value of longitudinal integrated placements for
general practice preceptors. Med Educ 2011;45:455–63.


43 Worley P, Prideaux D, Strasser R, Magarey A, March R.
Empirical evidence for symbiotic medical education: a
comparative analysis of community and tertiary-based
programmes. Med Educ 2006;40:109–16.


44 Prideaux D, Worley P, Bligh J. Symbiosis: a new model
for clinical education. Clin Teach 2007;4:209–12.


45 Gaufberg E, Shtasel D, Hirsh D, Ogur B, Bor D. The
Harvard Medical School–Cambridge Integrated Clerk-
ship: challenges of longitudinal integrated training.
Clin Teach 2008;5 (2):78–82.


46 Denz-Penhey H, Murdoch JC. ‘It’s really, really good,
but it could be a lot better’: qualitative evaluation of a
rural clinical school, four years on. Med Teach 2009;31
(10):443–8.


47 Ogur B, Hirsh D. Learning through longitudinal pa-
tient care – narratives from the Harvard Medical
School–Cambridge Integrated Clerkship. Acad Med
2009;84 (7):844–50.


48 Couper I, Worley P. Meeting the challenges of training
more medical students: lessons from Flinders Univer-
sity’s distributed medical education programme. Med J
Aust 2010;193:34–6.


49 Walters L, Stagg P, Conradie H, Halsey J, Campbell D,
D’Amore A, Greenhill J. Community engagement by
two Australian rural clinical schools. Australas J Univ
Commun Engagement 2011;6 (2):37–56.


50 Worley P. Relationships: a new way to analyse commu-
nity-based medical education? (Part 1). Educ Health
(Abingdon) 2002;15 (2):117–28.


51 Worley P. Integrity: the key to quality in community-
based medical education? (Part 2). Educ Health (Abing-
don) 2002;15 (2):129–38.


52 Mahoney S, Campbell S, Garner S. Community
engagement in an urban community-based medical
education programme: a case study. Australas J Univ
Commun Engagement 2011;6 (2):80–94.


53 Mihalynuk T, Bates J, Page G, Fraser J. Student learning
experiences in a longitudinal clerkship programme.
Med Educ 2008;42:729–32.


54 Cohen P. Training for expertise: the Harvard Medical
School–Cambridge Integrated Clerkship tutorial. Clin
Teach 2009;6:28–33.


55 Hauer KE, Mazotti L, O’Brien B, Hemmer P, Tong L.
Faculty verbal evaluations reveal strategies used to
promote medical student performance. Med Educ On-
line 2011;16:4–9.


56 Mazotti L, O’Brien B, Tong L, Hauer KE. Perceptions
of evaluations in longitudinal versus traditional clerk-
ships. Med Educ 2011;45:464–70.


57 Farry P, Adams J, Walters L, Worley P, Dovey S. Devel-
opment of the rural immersion programme for fifth-
year medical students at the University of Otago. N Z
Med J 2010;123:1323 http://www.nzma.org.nz/jour-
nal/123-1323/4356/. [Accessed 25 August 2012.]


58 Couper I. Evaluation of the Comprehensive Community
Clerkship in the Northern Ontario School of Medicine.
Johannesburg: University of Witwatersrand 2008.


59 Teherani A, O’Brien B, Masters DE, Poncelet AN,
Robertson PA, Hauer KE. Burden, responsibility, and
reward: preceptor experiences with the continuity of
teaching in a longitudinal integrated clerkship. Acad
Med 2011;84 (10 Suppl):50–3.


60 Hudson JN, Weston K, Farmer E. Engaging rural pre-
ceptors in new longitudinal community clerkships
during workforce shortage: a qualitative study. BMC
Fam Pract 2011;12: 103 http://www.biomedcen-
tral.com/1471-2296/12/103. [Accessed 13 May 2012.]


61 Worley PS. The Immediate Academic Impact on Medical
Students of Basing an Entire Clinical Year in Rural General
Practice. PhD thesis. Adelaide, SA: Flinders University
2002.


62 Schauer RW, Schieve D. Performance of medical
students in a non-traditional rural clinical programme,
1998–1999 through 2003–2004. Acad Med 2006;81
(7):603–7.


63 Denz-Penhey H, Murdoch JC. Is small beautiful?
Student performance and perceptions of their experi-
ence at larger and smaller sites in rural and remote
longitudinal integrated clerkships in the Rural Clinical
School of Western Australia. Rural Remote Health
2010;10:1470. http://www.rrh.org.au. [Accessed 25
August 2012].


64 Lines DR, Forsyth K, Worley PS. Teaching undergrad-
uate paediatrics in a rural community. Focus Health Prof
Educ 2000;2 (3):25–30.


1040 ª Blackwell Publishing Ltd 2012. MEDICAL EDUCATION 2012; 46: 1028–1041


L Walters et al







65 Walters L, Worley P, Mugford B. The parallel rural
community curriculum: is it a transferable model?.
Rural Remote Health 2003;3:236 http://www.rrh.org.au.
[Accessed 25 August 2012.]


66 Walters L, Prideaux D, Worley P, Greenhill J, Rolfe H.
What do general practitioners do differently when
consulting with a medical student? Med Educ
2009;43:268–73.


67 Oswald N. Parallel Rural Community Curriculum (PRCC)
Final Evaluation Report. Adelaide, SA: Flinders Univer-
sity 2002.


68 Halaas GW. The Rural Physician Associate Program:
successful outcomes in primary care and rural practice.
Rural Remote Health 2005;5:453 http://www.rrh.org.au.
[Accessed 25 August 2012.]


69 Zink T, Halaas GW, Finstad D. The rural physician
associate programme: the value of immersion learning
for third-year medical students. J Rural Health 2008;24
(4):353–9.


70 Couper I. Evaluation of the Parallel Rural Community
Curriculum at Flinders University of South Australia, in the
Context of the GEMP Year 3. Johannesburg: University of
Witwatersrand 2006.


71 Walters L, Worley P, Prideaux D, Rolfe H, Keaney C.
The impact of medical students on rural general prac-
titioner preceptors. Rural Remote Health 2005;5:403.


72 Walters L. How and why rural general practitioners commit
the time to precept medical students. Adelaide, SA: Flinders
University 2009.


73 Hudson JN, Weston K, Farmer E. Medical students on
long-term regional and rural placements: what is the
financial cost to supervisors? Rural Remote Health
2012;12:1951 http://www.rrh.org.au. [Accessed 25 Au-
gust 2012.]


74 Stagg P, Greenhill J, Worley P. A new model to under-
stand the career choice and practice location decisions
of medical graduates. Rural Remote Health 2009;9:1245
http://www.rrh.org.au. [Accessed 25 August 2012.]


75 Stagg P. In What Way does the PRCC Affect the Career
Outcomes of its Graduates? Honours thesis. Adelaide,
SA: Flinders University 2007.


76 Wamsley MA, Dubowitz N, Kohi P, Cooke M, O’Brien
OC. Continuity in a longitudinal out-patient attach-
ment for Year 3 medical students. Med Educ
2009;43:895–906.


77 Hauer KE, O’Brien B, Poncelet AN. Longitudinal,
integrated clerkship education: better for learners and
patients. Acad Med 2009;84 (7):821.


78 Mennin P, Kaufman A, Urbina C, McGrew C. Com-
munity-based medical education: toward the health of
the public. Med Educ 2000;35:503–4.


79 Epstein R, Cole D, Gawinski B, Piotrowski-Lee S, Ruddy
N. How students learn from community-based precep-
tors. Arch Fam Med 1998;7 (2):149–54.


80 McDonnell Smedts A, Lowe M. Efficiency of clinical
training at the Northern Territory clinical school:
placement length and rate of return for internship.
Med J Aust 2008;189:166–8.


81 Cilliers FJ, Schuwirth LWT, Herman N, Adendorff
HJ, van der Vleuten CPM. A model of the pre-
assessment learning effects of summative assess-
ment in medical education. Adv Health Sci Educ
2012;17:39–53.


82 Cilliers FJ, Schuwirth LWT, Adendorff HJ, Herman N,
van der Vleuten CPM. The mechanisms of impact of
summative assessment on medical students’ learning.
Adv Health Sci Educ 2010;15:695–715.


83 Worley P, Prideaux D, Strasser R, Silagy C, Magarey J.
Why we should teach undergraduate medical students
in rural communities. Med J Aust 2000;172:615–6.


84 Ash J. Understanding clinical teaching in times of
change. Clin Teach 2009;6:177–80.


85 Rabinowitz H, Diamond J, Markham F, Santana A.
Increasing the supply of rural family physicians: re-
cent outcomes from Jefferson Medical College’s
Physician Shortage Area Program (PSAP). Acad Med
2011;86:264–9.


86 Rabinowitz HK, Diamond J, Markham FW, Wortman
JR. Medical school programmes to increase the rural
physician supply: a systemic review and projected im-
pact of widespread replication. Acad Med 2008;83
(3):235–43.


87 Commonwealth Department of Health and Ageing.
Rural Clinical Schools. http://www.health.gov.au/in-
ternet/main/publishing.nsf/Content/work-st-rcs. [Ac-
cessed 25 August 2012. ]


Received 5 March 2012; editorial comments to authors 3 May
2012; accepted for publication 6 June 2012


ª Blackwell Publishing Ltd 2012. MEDICAL EDUCATION 2012; 46: 1028–1041 1041


Outcomes of longitudinal integrated clinical placements







A typology of longitudinal integrated clerkships
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CONTEXT Longitudinal integrated clerkships
(LICs) represent a model of the structural redesign
of clinical education that is growing in the USA,
Canada, Australia and South Africa. By contrast with
time-limited traditional block rotations, medical stu-
dents in LICs provide comprehensive care of patients
and populations in continuing learning relationships
over time and across disciplines and venues. The evi-
dence base for LICs reveals transformational profes-
sional and workforce outcomes derived from a
number of small institution-specific studies.


OBJECTIVES This study is the first from an inter-
national collaborative formed to study the processes
and outcomes of LICs across multiple institutions in
different countries. It aims to establish a baseline ref-
erence typology to inform further research in this
field.


METHODS Data on all LIC and LIC-like pro-
grammes known to the members of the international
Consortium of Longitudinal Integrated Clerkships
were collected using a survey tool developed through
a Delphi process and subsequently analysed. Data
were collected from 54 programmes, 44 medical


schools, seven countries and over 15 000 student-years
of LIC-like curricula.


RESULTS Wide variation in programme length, stu-
dent numbers, health care settings and principal
supervision was found. Three distinct typological pro-
gramme clusters were identified and named according
to programme length and discipline coverage: Com-
prehensive LICs; Blended LICs, and LIC-like Amalga-
mative Clerkships. Two major approaches emerged in
terms of the sizes of communities and types of clinical
supervision. These referred to programmes based in
smaller communities with mainly family physicians or
general practitioners as clinical supervisors, and those
in more urban settings in which subspecialists were
more prevalent.


CONCLUSIONS Three distinct LIC clusters are
classified. These provide a foundational reference
point for future studies on the processes and out-
comes of LICs. The study also exemplifies a collabora-
tive approach to medical education research that
focuses on typology rather than on individual pro-
gramme or context.
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INTRODUCTION


Longitudinal integrated clerkships (LICs) represent
a transformative approach to clinical education1


that uses continuity2 and relationships3 among
medical students, patients and physicians to shape
the educational experience. As the number of
medical schools using LICs globally has doubled in
the last 5 years,4 this educational approach has
generated considerable discussion. The LIC rede-
sign challenges the tradition of clinical education
that relies on sequential, time-limited ‘block’ rota-
tions through specialty hospital departments.5 How-
ever, what defines an LIC is often contentious
outside the LIC community as educators use the
terms ‘longitudinal’ and ‘integrated’ to describe a
range of educational interventions.6 Through this
study, we seek to clarify understanding of the LIC
from the accumulated perspectives of 44 schools in
seven countries.


Background


Medical education leaders established LICs to
address workforce, health system and public health
imperatives,5,7–10 and to translate the sciences of
learning into our clinical education models.2,3 In
regions in which workforce shortages existed, the
LIC approach enabled education leaders to deliber-
ately design extended educational experiences in
low-resource settings that would not have been pos-
sible through a traditional rotation approach. The
combination of this extended immersion and the
enabling of students’ meaningful contributions to
care in these settings is postulated to be important
in encouraging students to take up careers in these
underserved contexts.11,12


Although some medical schools have used this
approach for over 40 years, the term ‘LIC’ was only
formally defined when interested education leaders,
including those at seven LIC-oriented schools, met
in Cambridge, Massachusetts, USA in 2007. This
group, the international Consortium of Longitudi-
nal Integrated Clerkships (CLIC), used an iterative
process of discussion to characterise the elements of
all known LIC programmes and to propose a con-
sensus definition. Its members recognised that,
despite differences in their implementation, LICs
shared three common elements.13 These character-
istics indicate that: (i) medical students participate
in the comprehensive care of patients over time; (ii)
medical students have continuing learning relation-
ships with these patients’ clinicians, and (iii)
through these experiences, medical students meet


the majority of the academic year’s core clinical
competencies across multiple disciplines simultane-
ously.


The first element emphasises that LICs require
active, authentic and ongoing student participation
in patient care and that this care is not limited to
a particular discipline, disease grouping or episode
of care.14,15 The second element articulates the
importance of relational learning that has emerged
from research in this field and indicates that it
takes time to develop such relationships with clini-
cal supervisors.3 Both these elements may also form
part of non-LIC clerkship designs, although it is dif-
ficult to be ‘comprehensive’ if the rotation objec-
tives are focused on a specific disease grouping
and do not allow ‘time’ for follow-up of patients as
they progress through different stages of care, and
it is challenging to establish effective ‘learning rela-
tionships’ with busy clinical supervisors in a short
rotation.


The third element is quite distinctive. Here the LIC
design requires a single ‘integrated’ clerkship to
cover the learning objectives of multiple disciplines
simultaneously. To enable this to occur, the LIC
educational structure relies on students developing
a complex ‘cohort’ of patients. The cohort or
‘panel’ incorporates patients from all the core spe-
cialties. In an LIC, patient needs guide the student’s
involvement more comprehensively and continu-
ously than discipline-based and time-based rotations
permit. Students on LICs care for ‘their’ patients
across time, across venues and across the panoply of
patients’ care needs.2,16 Although grounded in
ambulatory settings, this model of educational conti-
nuity relies on ambulatory, acute and in-patient
venues at once, wherever the cohort of patients’
care needs arise. The LIC is designed as a whole
educational experience, not as an adjunctive longi-
tudinal experience added to the backbone of a
traditional block rotation.2


The CLIC definition intentionally chose language to
support inclusiveness in this new approach to clini-
cal education, such as ‘continuing learning relation-
ships’, ‘over time’, ‘majority’ and ‘simultaneously’,
in order to emphasise the model’s principles rather
than to impose an obligatory structure. Using this
definition, Norris et al.4 published a summary in
2009 of the 17 programmes known to be using this
approach. By 2013, the CLIC meeting had grown to
involve over 230 delegates from 48 schools. In this
context of rapid uptake, examining the landscape
of LICs and LIC-like programmes becomes critical,
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and serves to further clarify the original definition
and current nature of LIC models.


METHODS


Research design


The Collaborative formed a Methodology Design
Group (MDG) following the 2011 CLIC conference
to lead the research programme. The MDG met reg-
ularly via Skype and used a Delphi process to
develop the survey tool (Appendix S1), seeking
feedback from all Collaborative participants. Ethics
approval was gained from Flinders University in Aus-
tralia and McGill University in Canada.


Data collection


Members of the Collaborative contacted by e-mail
people from all universities with representatives at
the 2012 and 2013 CLIC conferences, and any
others known to be considering LIC-like models,
and invited them to participate in this study. To
maximise response rates from participants across
four continents, the survey team offered three
options for completing the survey: online via Survey
Gizmo; by telephone or Skype interview at a time of
convenience to the respondent, or by face-to-face
interview at the 2013 CLIC conference in Big Sky,
Montana, USA. Surveyors recruited further partici-
pants from the subsequent CLIC conference and
data collected by telephone or Skype interview in
2014. Researchers completed all data collection
between September 2013 and October 2014.


Statistical analysis


We performed statistical analysis using IBM SPSS


Statistics for Windows Version 22.0 (IBM Corp.,
Armonk, NY, USA) and STATA Version 13.1 (Stata-
Corp LP, College Station, TX, USA). We present
numbers and percentages for categorical variables,
and means and standard deviations (SDs) for nor-
mally distributed continuous variables. In order to
classify types of LIC, we used a qualitative review
of the survey results that focused on the propor-
tion of the academic year spent in the LIC, the
length of the LIC and the number of disciplines
taught within the LIC. We supported this assess-
ment with a k-means cluster analysis of the per-
centage of time spent in rural locations, the
number of disciplines taught, and the size of the
smallest and largest LIC sites (data not shown).


The face validity assessment identified three broad
types of LIC (see Results). We then performed
univariate analyses to assess associations between
the three broadly defined types of LIC (termed
Clusters A, B and C, respectively) and student and
supervisor demographics using analysis of variance
(ANOVA) for continuous variables and Fisher’s exact
test for categorical variables. We assessed signifi-
cance for each test using a two-tailed type I error
rate at p < 0.05. We used all available data in the
analyses. Response numbers are reported in cases
of missing data.


Data mapping


To provide a visual representation of the data, we
mapped the geographic locations of the medical
schools running LIC programmes using ARCGIS Ver-
sion 10.2.1 (ESRI [Environmental Systems Research
Institute], Inc., Redlands, CA, USA) and the World
Geodetic System (WGS) 1984 World Mercator
coordinate system. The geographic latitude and
longitude coordinates for each school were based
on the centroid of their respective postcodes or
zipcodes. We obtained US-based school geocodes
using US zipcode data for 2006 (Tele Atlas North
America, Inc., Lebanon, NH, USA) and the
remaining geocodes using the latitude and
longitude for postcodes individually entered into
Google Earth.


Data interpretation


The MDG viewed the collected data and then pre-
sented preliminary analyses to the study partici-
pants to check for credibility. Subsequently, the
MDG presented the preliminary results at plenary
sessions of the 2013 and 2014 CLIC conferences,
allowing the broader Collaborative to provide
input into the interpretation of the results. The
MDG led further descriptive analysis and character-
isation of the data; the commentary on this analy-
sis included the views of the entire CLIC Research
Collaborative.


RESULTS


Representatives of 54 distinct programmes at 44
medical schools responded to the survey
(Appendix S2). These programmes represented
over 15 000 student-years of LIC-like clerkships. Six
universities offered two or more distinctly different
LIC models within their curricula.
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Length of clerkship, discipline coverage and
definition of cluster typology


All programmes in the study met the first two CLIC
criteria for an LIC, namely that students participate
in the comprehensive care of patients over time and
have continuing learning relationships with these
patients’ clinicians. The 2007 CLIC definition is
silent on the absolute length required of a clerkship
for it to be included as an LIC programme. How-
ever, the third criterion does specify that the stu-
dents ‘meet the majority of the year’s core clinical
competencies’ through the programme.


Among programmes submitting data, the lengths of
clerkships varied from 6 to 54 weeks. We reviewed
the data and by consensus delineated three clusters
based on the educational criteria in the 2007 CLIC
definition. Table 1 shows the three clusters accord-
ing to programme length and discipline coverage.


Programmes in Cluster A functioned as extended
rotations that covered more than one, but not the
majority, of disciplines for the year. Programmes in
Cluster B covered all or the majority of disciplines
in that year, but utilised complementary discipline-
specific rotations to complete the year’s study. Pro-
grammes in Cluster C comprised either the entire
year’s study or had very short orientation pro-
grammes for individual disciplines followed by a full
academic year covering all disciplines simultane-
ously. As the length of the academic year varied
considerably amongst the schools in this study
(32–54 weeks), some Cluster C programmes that
covered an entire academic year were actually
shorter than Cluster B programmes that required
complementary discipline-specific rotations to
complete the academic year’s study.


Table 2 describes the univariate associations among
the three clusters and each of the demographic
items surveyed.


Geographic location


Programmes in Cluster C dominated in Australia,
Canada and the USA, whereas in other countries,
including Norway, South Africa and the UK, Cluster
A was more prevalent (p = 0.01). Although the data
were derived from seven countries, only two pro-
grammes that met all three current CLIC criteria
were outside the three countries of the USA,
Australia and Canada (Fig. S1).


Student entry into the medical education
programme


There were significant associations among cluster
types and type of entry provided, as well as the
length of the medical education programme as a
whole. A mix of post-high school entry and grad-
uate-entry medical education programmes had
incorporated LICs. Because of the geographic
clustering of the medical schools in North Amer-
ica and Australasia, 85% (46/54) of the pro-
grammes had graduate-entry admissions pathways
and 83% (45/54) were 4-year programmes
(Table 2). There was no difference in student
intake numbers into Year 1 of the medical educa-
tion programme across clusters (p = 0.43). These
varied from 36 to 305 students (mean � SD:
160 � 67 students).


Beginnings


The first LIC-type programme commenced in 1971.
The global number of medical schools with LIC
programmes has expanded exponentially in the last
10 years (Fig. 1).


Community size and locations


We asked participating schools to describe the dif-
ferent communities in which they based their LICs,
noting that they may use multiple clinics or hospi-
tals within each site or community. We included the
capital city as a separate category in view of the per-
ception of civic power inherent in some such cities,
independent of actual population. Historically,
many of the early LICs focused on expanding clini-
cal education into rural and regional centres and 31
of 45 (69%) Cluster B and C programmes contin-
ued to incorporate communities with populations of
< 25 000. Nine (20%) such programmes were based
exclusively in communities of this size or smaller.
Eight of 34 (24%) Cluster C programmes resided in
urban centres with populations of over 100 000
people.


Table 1 Longitudinal integrated clerkship clusters


Cluster


Proportion of


academic year


Weeks, median


(range)


Programmes,


n


A < 50% 12 (6–18) 9


B 50–90% 28 (20–38) 11


C 90–100% 42 (32–54) 34


Total 40 (6–54) 54
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Number of distinct LIC-like programmes in each school


The majority (38/44, 86%) of the medical schools in
the study ran only one LIC or LIC-like programme.
Four universities had multiple distinct Cluster B and


C programmes, and two medical schools ran a Cluster
A programme as well as a Cluster C programme.


The majority of LICs occurred in the penultimate
year of the medical programme, which tends to be


Table 2 Programme characteristics of longitudinal integrated clerkships (LICs)


Cluster


A (n = 9) B (n = 11) C (n = 34) p-Value*


Programmes, n (%)


Australia/New Zealand 1 (11.1) 3 (27.3) 11 (32.4)


Canada 1 (11.1) 0 8 (23.5)


Norway/South Africa/UK 4 (44.4) 0 1 (2.9)


USA 3 (33.3) 8 (72.7) 14 (41.2) 0.010


Entry, n (%)


Undergraduate 4 (44.4) 0 4 (11.8)


Graduate 4 (44.4) 9 (81.8) 27 (79.4)


Both 1 (11.1) 2 (18.2) 3 (8.8) 0.058


Medical course duration, n (%)


3 years 0 0 1 (2.9)


4 years 5 (55.5) 11 (100) 29 (85.3)


5 years 2 (22.2) 0 0


6 years 2 (22.2) 0 4 (11.8) 0.029


Year 1 students, mean � SD 161 � 49 184 � 75 153 � 68 0.435


Year LIC commenced, n (%)


1971–1999 1 (11.1) 4 (36.4) 2 (5.9)


2000–2005 0 0 5 (14.7)


2006–2010 5 (55.5) 6 (54.5) 11 (32.4)


2011–2014 3 (33.3) 1 (9.1) 16 (47.1) 0.040


Population of smallest site, n (%)


Capital city 1 (11.1) 0 4 (11.8)


> 100 000 0 1 (9.1) 4 (11.8)


25 000–100 000 0 0 5 (14.7)


10 000–25 000 0 2 (18.2) 3 (8.8)


< 10 000 8 (88.9) 8 (72.7) 18 (52.9) 0.510


Number of sites,† mean � SD 22.8 � 31.8 12.0 � 12.0 6.8 � 6.1 0.020


Year of course, n (%)


Final 4 (44.4) 0 2 (5.9)


Penultimate 3 (33.3) 11 (100) 32 (94.1)


Other 2 (22.2) 0 0 < 0.001


Students in LIC, mean � SD 64.7 � 79.1 17.1 � 11.2 24.2 � 22.9 0.010


Students in LIC, range 10–240 2–32 4–85


Proportion of all students, %, mean � SD 49.3 � 25.3 36.0 � 22.2 33.4 � 26.6 0.360


* Comparison between clusters; Fisher’s exact test for categorical variables and ANOVA for continuous variables
† ‘Site’ refers to a community or town; a single ‘site’ may include multiple practices or hospitals
SD = standard deviation
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the first core clinical immersion (i.e. clerkship) year.
However, this varied according to cluster: Cluster B
and C programmes were more likely than Cluster A
programmes to occur in the penultimate year
(p = 0.001) (Table 2).


Number of students in the programmes


The size of individual Cluster B or C programmes
varied from two to 85 students per year, while Clus-
ter A programmes included between 10 and 240 stu-
dents per year. In 34 of 45 (76%) LICs in Clusters B
and C, the size of the programme represented
< 20% of the full class. However, in four schools all
students undertook a Cluster B or C programme
(Fig. S1).


Clinical supervision


Whereas allocated clinical supervisors in the shorter
integrated Cluster A rotations were predominantly
family medicine (FM) physicians, the longer pro-
grammes appeared to be of two distinct types: pro-
grammes which allocated predominantly FM
supervisors, and programmes which allocated pre-
dominantly other specialist supervisors (Table 3).


Programmes that allocated predominantly FM
supervisors were more likely to be programmes
based in small communities of fewer than 10 000
people. Whereas 84% of programmes with predomi-
nantly FM supervisors included small communities,


only 18% of programmes with predominantly other
specialists as clinical supervisors were based in small
communities (p < 0.001) (Table 4).


DISCUSSION


This study has documented the rapid growth in the
use of LICs internationally, which more than dou-
bled in the 5 years subsequent to the 2009 review
published by Norris et al.4 In 2013/2014, approxi-
mately 1000 students undertook A, B and C-type
LICs in 54 programmes in 44 different schools, in
seven countries on four continental regions,
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Figure 1 Years in which longitudinal integrated clerkships commenced


Table 3 Percentage of supervisors who are family medicine
(FM) specialists


Supervisors


as FM


specialists


Cluster, n (%)


A


(n = 8)


B


(n = 10)


C


(n = 31) p-Value*


< 25% 1 (12.5) 1 (10.0) 13 (41.9)


25–50% 0 1 (10.0) 1 (3.2)


51–75% 1 (12.5) 0 3 (9.7)


> 75% 6 (75.0) 8 (80.0) 14 (45.2) 0.060


* Comparison between clusters; Fisher’s exact test
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predominantly in the penultimate year of the medi-
cal education programme, and with a median clerk-
ship length of 40 weeks.


Through this study, we have identified three major
clusters of programmes. The 45 programmes in 37
schools in Clusters B and C met the current CLIC
criteria for LICs. The first cluster, Cluster A, com-
prised shorter clerkships that combined learning
from a number of disciplines, and were longer than
the usual rotations in their year, but did not meet
the ‘majority’ criterion in the CLIC definition in
regard to either curriculum time or curriculum con-
tent. We propose that these programmes should not
be referred to as LICs, but should rather be
described as ‘Amalgamative Clerkships’ (ACs).


We propose that Cluster B be referred to as
‘Blended LICs’, comprising LICs that incorporate
all or the majority of disciplines, but utilise comple-
mentary discipline-specific rotations to complete the
academic year.


We propose that Cluster C be referred to as ‘Com-
prehensive LICs’, comprising LICs that incorporate
all the year’s disciplines as their core, are delivered
as integrated programmes, and thus incorporate
only limited brief in-patient, discipline-specific
immersive experiences.


This study also reveals some variation in approaches
in terms of the sizes of communities and types of
clinical supervision. Two major approaches emerge
from the data.


The first approach is apparent in programmes based
around FM settings that include small communities


of fewer than 10 000 people, have a larger
number of sites at which students are based (see
definition of site in Table 2), and predominantly
engage family physicians as clinical supervisors.


The second approach is evident in programmes that
are based in more urban settings with hospitals and
clinics at which subspecialists are prevalent, operate
at fewer sites and use predominantly non-FM clini-
cians as clinical supervisors.


It is unclear from this study whether this divide is
simply a logical consequence of the context of the
health care organisation in which the medical
school is based, whether there are educational or
strategic rationales for this, or whether it may reflect
the culture of the medical school. However, it is
likely that the association between FM supervision
and the use of small communities can be attributed
to the fact that FM physicians represent the
predominant specialty practising in these small
communities.


Amalgamative Clerkships focus upon the first
approach, whereas Blended and Comprehensive
LICs use both approaches. There is no apparent
preference for these approaches on the basis of the
country of the programme.


Thus, a five-category typology of programmes that
utilise LIC principles emerges from these data
(Table 5).


This typology reflects the historical trajectory of the
LIC innovation. The early adopters were rural and
family medicine-based, and this innovation has now
diffused to urban and tertiary centre sites. The


Table 4 Association between size of teaching site and proportion of family medicine (FM) clinical supervisors


Supervisors as FM specialists


Smallest teaching site, n (%)


Urban


(> 100 000)


(n = 10)


Regional


(10 000–100 000)


(n = 9)


Rural


(< 10 000)


(n = 30) p-Value*


< 25% 8 (80.0) 5 (55.5) 2 (6.7)


25–50% 0 1 (11.1) 1 (3.3)


51–75% 1 (10.0) 0 3 (10.0)


> 75% 1 (10.0) 3 (33.3) 24 (80.0) < 0.001


* Comparison between clusters; Fisher’s exact test
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linkage between rural settings and FM supervision
in this typology probably reflects the reality that, in
Canada, the USA and Australia, the majority of
doctors practising in rural areas are family
physicians.


It would appear from these data, that, whereas in
Europe and Africa the use of LICs is still confined
to a group of early innovators,17 in the USA this
innovation has moved from the innovators stage to
the early adopters stage (18 of 141 [13%] MD-grant-
ing medical schools), well into the early majority
stage in Canada (eight of 17 [47%] schools), and to
the cusp of the late majority stage in Australia (nine
of 18 [50%] schools).


The LIC represents a growing innovation in both
the established and newest medical schools. More
established schools chose to pilot the LIC and
started by allowing a small percentage of their
cohorts to undertake LICs, whereas four newer
schools have decided this is the best approach for
their entire school cohort. Four schools have more
than one approach to the LIC model, possibly
reflecting variations in the clinical contexts in which
their students learn.


This study has limitations. It is a single snapshot in
a time of rapid growth, and probably underesti-
mates the actual prevalence of LIC programmes.
The Consortium is still predominantly a phe-
nomenon of the English-speaking world. There may
be similar approaches of which the Consortium is
not aware. The methodology of this study also
excluded LIC programmes that are no longer active.
The authors are aware of two pioneering pro-
grammes that have since ceased: the 1993 Cam-
bridge Community Clinical Course at Cambridge
University in the UK,18 and the 1974 Upper Penin-
sula Program at Michigan State University in the
USA.19


In addition, the study demonstrates the difficulty in
finding a common language to describe aspects of
medical education. What is a ‘course’ in one school
is a ‘topic’ or a ‘paper’ in another, and a ‘pro-
gramme’ in yet another. Terms such as ‘preceptor’,
‘supervisor’, ‘clerkship’, ‘rotation’, ‘curriculum’ and
‘faculty’ also have quite different meanings in differ-
ent institutions and nations. This study used pilot-
ing of the survey tool to inform the definition of
terms as clearly as possible, but the researchers still
found it necessary to give explanations during the


Table 5 Longitudinal integrated clerkship (LIC) typology


LIC programme typology


Programme type Programme characteristics Setting subtype Subtype characteristics


Amalgamative clerkship 1 < 20 weeks (< 50% of duration of academic year)


2 Two or more but < 50% of disciplines covered


3 Treated as one of many rotations in a


rotation-based course


4 Any of the last 3 years of the degree programme


Community 1 Median: 11 sites, usually including


small rural communities


2 Usually an FM focus


Blended LIC 1 50–89% of duration of academic year


2 All or majority of disciplines covered


3 Linked complementary rotations external


to LIC to complete the academic year


4 Usually in penultimate year


FM 1 Median: nine sites, usually including


small rural communities


2 Predominantly FM supervisors


Other specialties 1 Median: two sites, usually including


large urban communities


2 Predominantly non-FM supervisors


Comprehensive LIC 1 Full duration of clinical academic year (90–100%)


2 All disciplines covered


3 Limited brief in-patient discipline-specific


immersive experiences within LIC


4 Usually in penultimate year


FM 1 Median: nine sites, usually including


small rural communities


2 Predominantly FM supervisors


Other specialties 1 Median: one site, usually including


a large urban community


2 Predominantly non-FM supervisors


FM = family medicine
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data collection process by interview. This suggests
that multi-institutional data collected by survey
across different countries may suffer from inconsis-
tent interpretation across respondents.


This study has demonstrated both the common
elements and the diversity of these LIC implemen-
tations. The diversity raises critical questions. For
instance, with regard to pedagogy, the following
questions, among others, are proposed. What are
the relative contributions of longitudinality and
integration to the observed outcomes? Are there
differences in student outcomes between LICs in
which supervisors are and are not predominantly
FM physicians? What disciplines are most com-
monly included and excluded from LICs? What is
integration, how is it operationalised, how can it
be best quantified, and might there be different
impacts for different degrees of integration? How
much time is needed to achieve the longitudinal
or other goals of LICs? How can we best study
the other LIC definitional elements of ‘continuing
learning relationships’ and ‘comprehensive care of
patients over time’? What are the pedagogical
mechanisms inherent in LICs? What are the gen-
eralisable student, teacher and community out-
comes? What pitfalls do education planners need
to avoid?


With regard to the sociology of medical education,
we suggest the following questions are relevant.
Why is the LIC approach predominantly a North
American and Australasian phenomenon? Has the
term ‘LIC’ become a ‘branding’ of the broader
principles of integration and relationship-based
education? What is the impact on the utility of the
term ‘LIC’, and similar educational ‘brands’, when
schools adjust the defined model to fit their local
contexts? What are the cost-effectiveness and sus-
tainability of the approaches and how can cost-
effectiveness include not just programmatic but
institutional, patient, population and system out-
comes? What is the cross-cultural applicability of
the LIC model? Does the successful implementa-
tion of LICs in small communities in the developed
world suggest this might be a suitable approach for
schools in the developing world? Why do most
schools offer the LIC approach to only a small pro-
portion of their students? What forces or con-
stituencies are constraining clinical education
innovation?


There is accumulating evidence from small studies
relating to these questions.20–34 However, as each
programme differs in context and structure, the


findings of small studies prove difficult to gener-
alise. The context-specificity of these studies per-
petuates a cycle wherein scholars create further
small studies to replicate findings in new pro-
grammes in new geographic or educational set-
tings. The scale of these studies makes outcome
attribution very difficult. This is an important con-
cern for governments, health services and funders
of medical education. Our typology study has
found that many programmes share core character-
istics, which suggests it may be possible for
researchers to assess processes and outcomes across
multiple schools rather than solely within single
schools. This approach will increase study power
and generalisability within specific typologies and
may shorten the time required for researchers to
answer the important questions in education and
care delivery.


Well-designed small studies will remain important in
medical education research. Nonetheless, an
expanded and cross-institutional evidence base
allows for the possibility of identifying a phe-
nomenon in one clerkship (e.g. a given type B
blended clerkship) and validating this or generalis-
ing it to other similar programmes (i.e. another
type B blended clerkship). Although this study deals
with a particular educational intervention, our suc-
cess in establishing an international research collab-
orative raises the possibility that multicentre studies
may also be feasible in other areas of medical
education research.


Medical education is part of the medical profes-
sion’s social contract with society. We believe that
translating the sciences of learning into improved
educational models should underpin and accom-
pany clinical delivery and health systems transfor-
mation.1,5,7,10 The CLIC Research Collaborative
sees this future programme of research as both
an important opportunity and a critical responsi-
bility.
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authors before critical input and revisions were received
from all 55 authors. The final text emerged from the
input of all authors and was signed off by all. The revision
draft was first undertaken by PW, then edited by the first
eight authors, and sent to the entire authorship for fur-
ther input and approval. The final revised text reflects the
input and views of all 55 authors. All are prepared to be
accountable for its content. The large number of authors
has added credibility to the data and interpretation that,


we believe, could not have been achieved with a smaller
group.
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4.2. CONVERSION OF WCE TO TBL

Presenter(s): Brower, Richard, Hogg, Tanis

Discussion

Note: Dr. Hogg was sole presenter due to Dr. Browers absence from the meeting.

 

 

Proposed to change to team based learning format (TBL).

 

Students will work in small groups for learning projects, but individually for quizzes and exams. This creates less
faculty work load and also creates consistency.

 

MS4 asks if this will impact the current grading method to which Dr. Francis replies "yes,slightly".

Dr. Ogden explains Individual Readiness Test and Improved Readiness Test get averaged to produce a grade for
the student

MS4 follows up by asking where that grade would go. Dr. Hogg replies they will be going over that in detail later
but it will go either to the summative or semester grade and will be worth approximately 1% of overall grade. 

Dr. Hogg mentions a TBL pilot that was done to which students provided positive feedback and had preferred it
over the small group format.

 

PLFSOM Will have Team Based Learning consortium consultants coming to give faculty across the whole
curriculum training on how to develop and administer high quality TBL's.

4.3. CONVERSION OF SCHEME PRESENTATIONS TO
ASYNCHRONOUS ONLINE LEARNING MODULES

Presenter(s): Brower, Richard, Hogg, Tanis

Discussion

Attendance has been problematic at scheme presentations due to students opting to watch the scheme
presentation video rather than going to attend in person. 

 

The idea is to convert schemes into professionally produced modules so students will watch asynchronously. This
will also save clinical hours as well as improve student satisfaction. 

 

Dr. Hogg adds that they will strive to have more consistency from scheme to scheme due to student feedback
labeling that as a major issue. 

4.4. INTEGRATION OF THE FIRECRACKER PLATFORM TO
PROMOTE STEP 1 SUCCESS

Presenter(s): Brower, Richard, Hogg, Tanis

 CEPC meeting - 8-12-19- for minutes.pptx

Discussion

Note: Dr. Hogg was sole presenter due to Dr. Browers absence from the meeting.
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Point 4

Integration of the Firecracker platform, and development of consistent standards for session-based and weekly formative self-assessments, to expand “assessment for learning” and promote Step 1 success
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Formative assessment

Formative assessment promotes student success by:

Delivering ‘real-time’ feedback to help guide future learning

Providing reassurance

Promoting reflection

Participation and performance on formative assessments is correlated with unit summative performance, which is correlated with Step 1 and Step 2 CK performance

PLFSOM students have increasingly requested more opportunities for formative assessment

Spaced and adaptive formative assessment can promote long term knowledge retention









Hermann Ebbinghaus, 1885
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?

?

?

Better memory representation (e.g., with mnemonic techniques)

Repetition based on active recall (esp. spaced repetition/retreival)
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Medical Education 2007, 41: 23-31

Conclusions: Spaced education consisting of clinical scenarios and questions distributed weekly via e-mail can significantly improve  students’ retention of medical knowledge.







Conclusions:  Medical students engage extensively in self-initiated retrieval practice, often with spaced repetition. These practices are associated with superior performance on a medical licensing examination and should be considered for formal support by educators.
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Firecracker is a spaced and adaptive learning platform that features:

Flashcards

USMLE-style questions

Associated learning content – content summaries, links to online lectures, etc.

Individualized remediation tasks to target student weaknesses









Phased deployment of Firecracker (AY 2019-2020)

Alignment of Firecracker’s content (topic summaries, flashcards, board-style questions) to PLFSOM learning objectives (week by week)

Development of integrated assessments (selection of Firecracker questions mapped to subset of weekly learning objectives)

Assessment delivery (weekly quizzes delivered to student desktop or via mobile app) – coupled with individualized remediation tasks

Institutional dashboard – allows course directors and college masters to track individual student engagement and performance
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MS1's and 2's have already began utilizing the Firecracker platform. 

 

The Firecracker platform is currently  mapped to USMLE step 1 with plans to map it to step 2 in the future, this
should help with test performance.

Firecracker helps by preventing knowledge loss by combating the "forgetting curve", Firecracker will serve
content to students on periodic bases to help them retain long term knowledge. Data shows that this style of
learning works and is more effective than long study hours. 

Students using Firecracker for CNS have since seen an increase performance so far. 

Possibility of continuing into clerkship phase

4.5. TRANSITION OF THE SPM ASSESSMENT PLAN TO SCORED
COURSEWORK, FREQUENT MID-TERM EXAMS, AND
CUMULATIVE END-OF-TERM FINALS

Presenter(s): Hogg, Tanis

Discussion

Students get single high stakes exam at the end of organ based units, and must achieve 65 or greater in order to
pass. They may have 2 unit remediation's per academic year. The time between starting the unit, taking the
exam, and identifying struggling students is too long with the current method. The high stakes exams also
create great amounts of anxiety with students which affects overall performance. Students are also dissatisfied
with the content of exams due to the focus being majorly on one area that is barely covered in the exam. They
also tend to prioritize higher yield disciplines.  

Some advantages of a continuous summative assessment program are

I.D. at risk learners sooner
Reduce anxiety
Promote student self confidence
Student engagement and motivation to study 
Increase group dynamic and teamwork
Better performance on final exams 

 

Dr. Ogden also brings up the fact that it will be a big advantage to students who are failing the first 2 tests.

An example would be replacing end of unit exams with a continual sequence of scheme presentations with
spaced summative quizzes every 2 - 3 weeks and the possibility of a midterm halfway through as well as an
OSCE and customized NBME exam. This would also include a finals week with an OSCE , a customized NBME,
and a CBSE progress test. 

An example of grading could be as follows

40% for 6 summative quizzes 
20% for weekly IRAT quizzes
15% for Midterm 
25% for Final
CBSE benchmark grade.

 

A standard non exam week for an MS1 would start with an independent or clinic study day on Monday which
would provide opportunity for them to jump into the learning modules , this would help with upcoming
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application modules later in the week. They would have 3 application studies lasting 2 hours that are dedicated
to SPM and 2 clinical problem solving studies as well as having an integration or SCI session where concepts like
L system science would be brought in.

Thursday would have 4 iterations of Medical Skills from 8 am - 5:30 pm. Students could also do clinic if engaged
in the Spanish element of medical skills on Thursday morning or afternoon. Friday would have a work case in
TBL format as well as colloquium and independent study time.  

 

Example for Exam week would see exam happening on Monday giving students time to study over the
weekend. Exam would be around 50 items and would have exam review to provide students with instant
feedback.

MS4 asks if they are considering switching G.I. and I.M.N. to which Dr. Hogg says yes due to the massive influx of
information on students. MS4 replies he liked where I.M.N. was at due to the Thanksgiving and December breaks
which gave more time to study for the exam. Dr. Hogg agree's, but says they are hoping to bring more uniformity
and consistency in learning with this new plan/schedule . 

MS4 then asks about exam reviews and raises concerns over the students arguing with whoever is giving the
exam review about the outcome of certain questions. Dr. Hogg says they can get the student reps together and
go about finding a better way to hold the review either online or in a large auditorium . MS3 (Kevin Woods) asks
about the possibility of reteaching high yield information to help students retain the knowledge. Dr. Hogg makes
note of question so they may review and find a way to implement it.

4.6. AUGMENTED ACADEMIC PERFORMANCE PROGRAMS TO
PROMOTE ON-TIME PROGRESSION, AND TO FACILITATE THE
SUCCESS OF STUDENTS REQUIRING ADDITIONAL TIME TO
COMPLETE THE PRE-CLERKSHIP PHASE

Presenter(s): Hogg, Tanis

Discussion

No Discussion on item.

4.7. SHORTENING OF THE PRE-CLERKSHIP PHASE TO THREE
TERMS (COUPLED WITH SHIFT IN THE CLERKSHIP AND
USMLE STEP EXAM TIMELINES)

Presenter(s): Hogg, Tanis

Discussion

Recommending changes to curriculum that improve connections between formal knowledge and clinical
practice such as providing earlier clinical immersion courses. Data shows majority of schools are shortening the
pre clerkship phase and starting the clerkship phase at accelerated rates, beginning at 12 months to 18 months. 

AAMC data shows that schools with a shortened pre clerkship phase (less than 2 years) have jumped from 45 to
57 in 2016, and 68 additional schools were undergoing efforts to shorten their pre clerkship curriculum in
2017/2018. Also would like to relocate USMLE step 1 exam to after the clerkship phase due to 50 - 60% of USMLE
step 1 being related to the application of foundational science for clinical problem solving and remaining 30 -
40% being patient care.This should help to better prepare students for the step 1 and recent studies show that
moving the USMLE step 1 does not negatively impact scores or first time pass rate. 

Benefit of moving to a more consistent summative assessment program is the ability to clean out white space
that was dedicated to testing weeks after each organ system based unit. Moving to a shortened pre clerkshp
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would require minor extension of time in the spring semester in the first year, but it would also allow students
more time to study.

MS3 asks if that would affect students who want to do SARP at an institution because of summer being
shortened to 4 weeks and some students like to apply for outside programs. Dr. Hogg says it will be a 6 month
block and asks Dr. Francis if she will be going over this topic later to which she replies "yes, but SARP wont be in
the summer". Dr. Hogg says it will be reduced to 4 weeks but that's not to say students can't start their projects
earlier, however there will be a dedicated place for study in the 3rd block. 

Dr. Frances brings up concerns about time for Students who will have to do remediation. Dr. Hogg says they do
have 3 weeks of time at the end of the spring semester for students to do dedicated remediation. 

MS4 asks if they would maintain the allotted 2 remediation's per year to which Dr. Hogg says they still need to
hatch out the details about that, but some faculty are wanting to get rid of remediation and to require a repeat
of entire phase. 

Dr. Beinhoff Asks where would USMLE step 1 move to, Dr. Ogden replies after the 2nd clinical block. 

4.8. AN EARLIER AND EXPANDED 18-MONTH CLERKSHIP PHASE
(CONCLUDING WITH A FLEXIBLE 24-WEEK TESTING,
REMEDIATION, EARLY ELECTIVE, AND SCHOLARSHIP BLOCK)

Presenter(s): Francis, Maureen

 curriculum revision plans CEPC 9-19-19.pptx

Discussion

USMLE Step 1  is currently required in the 2nd semester of year 2. The proposed plan is to move this to the 2nd

semester of year 3 after completion of the clinical blocks. Proposed deadline by  March 15th of the third year.
There is some flexibility if it needs to be delayed.

 

MS4 asks if shelf exams would be maintained to which Dr. Francis replies yes there would be shelf exams
throughout.

Step 2 could be taken in the flexible block if the student felt prepared with proposed deadline of October of the
MS4 year.  Step exams would move

closer in proximity to each other.

 

Flexible time could be used for:

Extra time for SARP or extra research if already completed SARP.
Electives 

 

MS4 asks if you can take elective before Step one to which Dr. Francis replies no you could not.

 

MS4 asks if you have to pass CBSE or NBME before taking Step one. To which Dr. Francis replies yes. MS4 then

asks if you can take step 1 and step 2 in the same month due to worries of people failing step 1 and not knowing

before they take step 2, Dr. Frances says yes but see's the issue with people failing the second if they failed the

1st.

 

145 Medical schools in 2016/17 and the large majority of them still require step one during phase 2 although more

are delaying it.
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PLFSOM Curriculum v2.0

#8	An earlier and expanded 18 month clerkship phase concluding with a flexible 24 week testing, remediation, early elective, and scholarship block.
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#8	An earlier and expanded 18 month clerkship phase concluding with a flexible 24 week testing, remediation, early elective, and scholarship block.




Proposal for the flexible block:

 USMLE Step 1 

Suggest required by March 31

USMLE Step 2 CK & CS

May also take during this time period, suggest required by October 1 of 4th year

SARP/additional research experiences

Early elective time









Current deadline 10/31
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https://www.aamc.org/initiatives/cir/406430/10c.html





Most schools require in year 2

Increasing number delaying until after clerkship phase
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Rationale- Literature on delaying Step 1

Pros

Improve retention of foundational sciences

Move away from memorization to understanding

Assessment drives learning making the basic science material more relevant

Potentially improve Step 1 scores  for students with low MCAT and potentially decrease failure rate



Cons

Students may not be as prepared for clerkships

Unknown effect on residency match rates

Potential lower scores on NBME subject tests

Daniel, et al. Academic Medicine, Vol.92, No. 11/Nov 2017





Duke –no data (change more than 20 years ago)

Penn – claims 20 points higher (change in 1996)

USUHS – 11 to 13 points in first year with slight decline in subsequent years

Effect on Step 1 scores are confounded by rising mean scores on Step 1 overall (0 to 3 points per year; 221 to 229  from 2009 to 2015)





Vanderbilt – 9 point increase

Cornell – 80 % opt to take before clerkships, reports pending for those hwo wait

Yale and Michigan – no data reportd yet





Penn- 
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Advantages in our system

No “off-cycle” students related to Step 1

Opportunity for enhanced basic science integration in clinical years

Help students connect basic science to patient care

More time for research for highly motivated students

Time for early electives for exploration of career choices

Possible improvement in Step 1 scores

Step 1 increasingly clinically focused with longer  and more complicated vignette style questions

Some emerging evidence of benefit for students with lower MCAT and lower fail rate
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Questions?





#9 Transition to a longitudinal integrated clerkship (LIC) model


Traditional clerkship

Separate clerkships in core disciplines

Problems

Medical practice has changed

attending physician assignments on service becoming shorter and more intense 

ambulatory schedules that change frequently based on other commitments

Students typically rotate through the block clerkships in random order 

No intentional sequencing

Students and faculty may not know where a student stands and how to help them progress to the next level
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Current PLFSOM Clerkship Phase Schematic
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Retreat outcomes June 2018

		Strengths noted in the current clerkship model:
Dedication of faculty, clerkship directors and residents to teaching
Integration that is present in clerkship pairs
Enrichment activities present in the clerkships
Service to the community and our unique location and patient population
Preparation of the students to enter clerkships
 		Opportunities for improvement noted in the current model:
Increase exposure to undifferentiated patient
Improve history and physical exam skills
Increase student value in the workplace and student autonomy
Develop 1:1 mentoring relationships between students and faculty/residents
Increase continuity between learners and faculty/residents
Improve tracking of student progress across blocks 
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Why is continuity so important?
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Continuity can be fostered at different levels: 

•	Continuity of the curriculum supports the learner’s development over time, beginning with foundational knowledge and skills and progressing to more complicated skills and tasks. This is facilitated by collaboration across clinical departments with interdisciplinary ownership emphasizing core clinical competencies.  

•	Continuity of care promotes patient-centeredness. As noted by our clerkship directors, it is important for students to be involved before the diagnosis is made and to follow their patients through the episode of illness or as long as possible to develop their diagnostic reasoning skills and to observe the effects of their management. 

•	Continuity of supervision encourages the development of trusting relationships that enable shared goal setting and coaching. In any new setting, each student is initially an observer until they develop the skills and knowledge to become a contributing member of the team.
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                     The “J curve”
                   (adapted from PS Worley, P Kitto 2001)

  

Sarah K. Wood, M.D., Senior Associate Dean for Medical Education, presentation June 18, 2018







Each student is initially an observer until they develop the skills and knowledge to become a contributing member of the team.. So CONTINUITY is the KEY! This also highlights how students yearn to be included, to be recognized and remembered, to be treated with interest.  Students remarked that they were “surprised and satisfied that attendings acknowledged them in hospital or used their names.”
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Advantages of Longitudinal Integrated Clerkships and the impact on students:

•	More satisfied with their experience

•	More patient-centered

•	More substantive relationships with faculty & patients

•	Greater responsibility for patient care

•	More independent in physician-like roles

•	As well or better on clinical skills

•	As well or better on exam performance



In addition, medical schools report more graduates entering primary care.
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Opportunity at PLFSOM

PLFSOM has the opportunity to preserve the strengths of our current model and improve the integration across disciplines and continuity of experiences. 

The advantages of the LIC outlined in the literature will address many of the areas for improvement noted by our faculty. The clerkship directors can work together to take our current structure with partially integrated blocks to the next level. 

The proposal is to create a blended LIC with two semesters – each with dedicated inpatient blocks and ambulatory blocks. 

In addition:

extend a Family Medicine/primary care longitudinal experience across both semesters

bring Emergency Medicine and Neurology into the third year curriculum 

Emergency Medicine as a longitudinal experience (Adult EM in LIC1 and Pediatric EM with LIC 2

Psychiatry longitudinal and Mother/Baby Longitudinal currently in the curriculum would be preserved and enhanced.

Consider longitudinal Individualized Learning Plan with one flexible week each in LIC 1 and LIC 2
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Draft of PLFSOM LIC Model 
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Sample Inpatient IM Week







Sample Ambulatory Schedule 









Questions?





#10 Retention of a highly modular and flexible 4th year focused on success in the transition to residency 

Retain flexibility

26 weeks of required course work (compared to current 34 weeks required)

Sub I – 4 weeks

Critical Care – 4 weeks

Bootcamp – 2 weeks

Electives – 16 weeks



Flexible for interviews and vacation – 16 weeks



Note: EM and Neuro moved to LIC 
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Questions?
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Moving step one could entice the students to research what they are seeing more and potentially increase
integration with basic sciences.

 

Worry about students not being prepared for Clerkships and potential lower scores on NBME subject tests are

brought up. Many schools who implemented this have noticed a drop in shelf scores, possibly due to students not
being

prepped for the longer testing.

 

Planning to get vouchers for practice tests to allow students practice and reduce the possibility of shelf test
scores dropping.

 

Advantage to delay in Step 1 would be no off cycle students due to students feeling unprepared for the test
(which is th emost common reason).

Also more time for research and the possibility of  improved test scores for those with lower MCATs and lower
first time fail rate.

 

Dr. Beinhoff asks if it will affect student interviews. Dr. Francis replies no interviews begin in October and this

block ends in June.

4.9. TRANSITION TO A LONGITUDINAL INTEGRATED CLERKSHIP
(LIC) MODEL

Presenter(s): Francis, Maureen

Discussion

The issues with traditional clerkships are that the sequencing is frequently random and there is no planned
progression to learning. Students are frequently with different supervisors and there is little continuity.

 

MS4 brings up the fact that some faculty in the clerkship's don't care about what other things the student might

have going on and some don't care either way if the student is there or not. Dr. Francis replies that they held a

faculty retreat and a lot of clerkship directors expressed that they wish to see an increase in the value placed on a

student on the clinical teams.

 

Continuity is one of the main focuses of the LIC model.

Continuity of care in getting patient and student matched up as much as possible and ideally having the
student see the patient at the beginning and following them through the episode of illness from the time
of diagnosis.

Continuity of supervision between faculty, resident, and student.

 

Longitudinal integrative Clerkships are on the rise in schools, the last count in 2016 noted almost 45 schools
utilizing

it.

 

Studies with LIC have shown that students are

More satisfied with the experience

Are more patient centered

Have more substantive relationships with faculty and residents

Greater responsibility

More independent in rolls as physician

CEPC Monthly Meeting 09.09.2019 05:00 PM ‐ 06:30 PM # 7



Performed as well or better on clinical skills test and exam performance

 

PLFSOM would attempt to maintain current strengths and integrate continuity at any achievable level and

develop a blended LIC that would give a mixture of inpatient blocks and ambulatory longitudinal experiences.

Inpatient blocks and ambulatory experiences would be separate to reduce tension between inpatient and
outpatient responsibilities, an issue that has been

addressed at the residency level in the past.

Retain but modify the current longitudinal experiences, for example, the mother baby experience – make
 it longer so the birth will be seen and the baby will be seen in follow up.

 

Neurology and Emergency medicine would be brought into the third year.

 

LIC 1 would consist of Internal medicine, Family medicine, Neurology, Emergency medicine, and Psychiatry.
Family medicine would be 1

day a week during the  ambulatory blocks.

 

Each LIC would begin with 1 week orientation/practical experience. EACH LIC

would end with integrated OSCE as well as related NBME's. The EOY 3 OSCE would be included at the end of LIC
2.

 

Dr. Hogg asks how much time the students have for testing to which Dr. Francis replies the testing time for Shelf

exams and OSCE is 2 weeks.

 

Dr. Hogg then asks about how to create priority for students and gives example of the mother baby experience

and if a mother is giving birth will the student be permitted to leave the current activities to attend. Dr. Francis

replies the clerkships plan to develop a priority list, as other schools have done, who have implemented a
longitudinal clerkship model.

4.10. RETENTION OF A HIGHLY MODULAR AND FLEXIBLE FOURTH
YEAR FOCUSED ON SUCCESS IN THE TRANSITION TO
RESIDENCY

Presenter(s): Francis, Maureen

Discussion

Emergency medicine and Neurology have moved to 3 year and will not be required in 4th year. 4th year will
have 26 weeks of required coursework which is down from the current 34 weeks. Sub internship required at 4
weeks, Critical care 4 weeks, Boot Camp 2 weeks, and Elective 16 weeks. 

Dr. Fuhrman raises concerns over the possibility of achieving this with current clerkship director numbers to
which Dr. Francis replies that between the clerkship directors and coordinators it should not be an issue.

Dr. Beinhoff mentions that it seems like a lot of moving parts and if it should be done in steps, Dr. Francis agrees
it is a lot of moving parts, but one reason for looking at it now is the timing of the full accreditation cycle, if it gets
closer to the LCME accreditation people will not want to change anything.

MS4 raises concerns over lack of immersion in LIC and overall time spent in each clerkship, Dr. Francis replies
immersion should be deeper due to not being pulled from a block as much. 
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5. DISCUSSION OF AN APPROVAL PROCESS FOR
THE PLAN AS OUTLINED ABOVE

Presenter(s): Brower, Richard

No Discussion. 

6. ROUNDTABLE

7. ADJOURN

 CEPC Recording.

Discussion

Meeting adjourned at 6:38 PM.
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