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Discipline-Based Or “Traditional” Curricula: 

Ø Learning was viewed as a simple accumulation of 
knowledge 

Ø An understanding of normal structure and 
function was viewed as a prerequisite for 
learning about abnormal structure and function 

Ø There was little deliberate instruction in the 
application of basic science material to clinical 
problems, particularly during the first years of 
medical school. 

Swanson and Case, Advances in Health Sciences Education, 2:71-84, 1997. 



Integrated or “Modern” Curricula: 

Ø There is much greater emphasis on learning 
basic science material in the context of its 
clinical application, even in the first year of 
medical school  

Ø The majority of North American medical 
schools now report the use of some problem-
based learning variant for at least a portion of 
curricular time, (e.g., case-based learning; 
learning in small groups)  

Swanson and Case, Advances in Health Sciences Education, 2:71-84, 1997. 
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Abstract
The popularity of the term ‘‘integrated curriculum’’ has grown immensely in medical education over the last two decades, but what

does this term mean and how do we go about its design, implementation, and evaluation? Definitions and application of the term

vary greatly in the literature, spanning from the integration of content within a single lecture to the integration of a medical school’s

comprehensive curriculum. Taking into account the integrated curriculum’s historic and evolving base of knowledge and theory,

its support from many national medical education organizations, and the ever-increasing body of published examples, we deem it

necessary to present a guide to review and promote further development of the integrated curriculum movement in medical

education with an international perspective. We introduce the history and theory behind integration and provide theoretical

models alongside published examples of common variations of an integrated curriculum. In addition, we identify three areas of

particular need when developing an ideal integrated curriculum, leading us to propose the use of a new, clarified definition of

‘‘integrated curriculum’’, and offer a review of strategies to evaluate the impact of an integrated curriculum on the learner. This

Guide is presented to assist educators in the design, implementation, and evaluation of a thoroughly integrated medical school

curriculum.

Introduction

As national medical education organizations, post-graduate

training programs, and employers place ever-increasing scru-

tiny on preparing medical school graduates for large volumes

of clinical work, medical school curricula around the world

have undergone a major evolution in recent years. The historic

Flexner report, ‘‘Medical Education in the United States and

Canada’’ (1910), set forth many of the standards by which

medical educations is shaped today, including the traditional

‘‘2þ 2’’ curricular structure in which two years of basic science

are followed by two years of clinical science. Despite a century

of evolution of the fund of knowledge in basic and clinical

sciences as well as advancements in teaching strategies, this

curriculum format still persists in many medical schools around

the world, yet is viewed as an inadequate system to prepare

future physicians for twenty-first Century medicine (Cooke

et al. 2006; Irby et al. 2010). The rapid rise of and subsequent

demand for providers to have expertise in areas such as

population health, health policy, healthcare delivery systems,

and interdisciplinary care has demanded that medical gradu-

ates possess knowledge and skills beyond a thorough under-

standing of applied anatomy and pathophysiology (Maeshiro

et al. 2010). The Australian Medical Council (AMC) organizes

the requirements for medical school graduation into four

domains; traditional domains – ‘‘science and scholarship’’ and

‘‘clinical practice’’ – are now matched in emphasis with more
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Louis, MO 63110, USA. Tel: þ 1 (314) 362-8028; Fax: þ 1 (314) 747-1288; E-mail: brauerd@wustl.edu

Practice points

" The Integrated Curriculum is becoming an increasingly

popular concept internationally.

" The goal of integration is to break down barriers

between the basic and clinical sciences currently in

place as a result of traditional curricular structures.

" Integration should promote retention of knowledge

and acquisition of skills through repetitive and pro-

gressive development of concepts and their

applications.

" We suggest three areas in need of improvement and

clarification for successful integration: ensuring syn-

chronous presentation of material, avoiding the ten-

dency to diminish the importance of the basic

sciences, and using unified definitions.

" Goals and methods to evaluate whether the goals have

been met are infrequently reported, utilized, and

understood, limiting sustained success and growth of

integrated curricula.

" We propose a unified definition of integrated curricu-

lum and clarify definitions of common, less-compre-

hensive integrative strategies including ‘‘integrated

courses’’ and ‘‘integrated clerkships’’.
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Table 4 Results of the general linear model analysis results (ANOVA repeated measures) in relation to differences in the mastery of the basic
and clinical sciences between students studying in two different medical curricula. Dutch Inter-University Progress Test (PT) scores (percentage
correct-minus-incorrect)

Mean PT scores for basic sciences Mean PT scores for clinical sciences

CMC (n = 82) ICMC (n = 197) CMC (n = 82) ICMC (n = 197)

Year Mean (SD) Mean (SD) Mean (SD) Mean (SD)

3 21.2 (9.2) 30.9 (12.9) 6.7 (4.4) 13.5 (6.8)

4 31.2 (12.9) 34.3 (12.5) 14.1 (7.4) 20.1 (8.0)

5 33.0 (12.5) 38.4 (14.9) 25.4 (10.1) 32.8 (11.2)

6 38.9 (12.6) 42.4 (12.7) 34.4 (11.3) 41.8 (10.4)

Effect of year F-test (P-value) effect size 474.0 (P < 0.001) large effect size 2252.9 (P < 0.001) large effect size

Effect of year*curriculum F-test (P-value) effect size 20.3 (P < 0.001) small effect size 6.0 (P < 0.01) small effect size

Multivariate tests evaluate the effect over time of each variable (labelled with ‘effect of year’) or evaluate the effect of the interaction of
time and type of curriculum (labelled with interaction effect: ‘year*curriculum’)
CMC = conventional medical curriculum; ICMC = integrated contextual medical curriculum; SD = standard deviation

Table 3 Cross-sectional comparison of scores on the Dutch Inter-University Progress Test (PT) (percentage correct-minus-incorrect) for basic
and clinical sciences in CMC and ICMC student samples studying at Ghent University from 1999 to 2006 (one-way ANOVA)

Curricular year

CMC students sample 1 ICMC students sample 2

F

Effect size

Cohen’s dMean PT score (SD) Students, n Mean PT score (SD) Students, n

Basic sciences

2 9.98 (8.07) 95 14.37 (9.16) 963 20.35! 0.51

3 20.13 (8.81) 107 31.45 (11.69) 720 92.83! 1.09

4 30.15 (11.83) 322 33.46 (11.70) 578 16.52* 0.28

5 34.13 (11.29) 200 37.22 (13.66) 413 7.68* 0.25

6 37.02 (12.61) 330 41.44 (12.63) 239 17.03! 0.35

Clinical sciences

2 1.02 (4.11) 95 4.74 (5.03) 963 48.60! 0.81

3 6.04 (4.33) 107 13.09 (7.01) 720 102.20! 1.21

4 14.66 (7.07) 322 21.00 (8.17) 578 136.95! 0.83

5 26.14 (9.95) 200 32.09 (10.57) 413 44.46! 0.58

6 31.32 (9.95) 330 40.82 (10.77) 239 108.16! 0.88

* P < 0.01
! P < 0.001
Effect size based on Cohen’s d: small effect (> 0.20); medium effect (> 0.50); large effect (> 0.80)
CMC = conventional medical curriculum; ICMC = integrated contextual medical curriculum; SD = standard deviation

710 ª Blackwell Publishing Ltd 2009. MEDICAL EDUCATION 2009; 43: 704–713
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Impact on knowledge acquisition of the transition
from a conventional to an integrated contextual
medical curriculum
Jos Van der Veken,1 Martin Valcke,2 Jan De Maeseneer,3 Lambert Schuwirth4 & Anselm Derese5

CONTEXT This study set out to test the
hypotheses that after the implementation of an
integrated contextual medical curriculum
(ICMC), ICMC students would attain higher
levels of knowledge in both the basic and clin-
ical sciences at an earlier stage than conven-
tional medical curriculum (CMC) students, that
ICMC students would perform significantly
better on knowledge tests at the end of their
education and, finally, that ICMC students
would show a more linear acquisition of
knowledge in the basic and clinical sciences.

METHODS We drew upon the Dutch Inter-
University Progress Test (PT) to measure im-
pact on knowledge acquisition and compared
PT scores of 393 CMC students with scores of
1028 ICMC students (Years 2–6) in a cross-
sectional design. We also compared the scores
of 112 CMC students with those of 197 ICMC
students in Years 3–6 in a longitudinal design.

RESULTS As expected, ICMC students showed
a steeper learning curve in both the basic and
clinical sciences: at the end of their training
students had attained higher levels of knowl-
edge in both domains. The learning curve
pertaining to the clinical sciences was almost
linear, whereas that for the basic sciences
showed a sharper rise, indicating a continuing
growth of knowledge.

CONCLUSIONS The differential impact on
knowledge acquisition of conventional and
innovative curricula has seldom been studied in
a longitudinal and cross-sectional design. This
study confirmed our assumptions about the
potential of an integrated contextual curricu-
lum. The differences observed in ICMC stu-
dents were attributed to the stronger emphasis
on clinically relevant basic sciences in the early
years of the ICMC and to the stronger integra-
tion of basic and clinical sciences in the ICMC.

contextualised curricula

Medical Education 2009: 43: 704–713
doi:10.1111/j.1365-2923.2009.03397.x
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Table 4 Results of the general linear model analysis results (ANOVA repeated measures) in relation to differences in the mastery of the basic
and clinical sciences between students studying in two different medical curricula. Dutch Inter-University Progress Test (PT) scores (percentage
correct-minus-incorrect)

Mean PT scores for basic sciences Mean PT scores for clinical sciences

CMC (n = 82) ICMC (n = 197) CMC (n = 82) ICMC (n = 197)

Year Mean (SD) Mean (SD) Mean (SD) Mean (SD)

3 21.2 (9.2) 30.9 (12.9) 6.7 (4.4) 13.5 (6.8)

4 31.2 (12.9) 34.3 (12.5) 14.1 (7.4) 20.1 (8.0)

5 33.0 (12.5) 38.4 (14.9) 25.4 (10.1) 32.8 (11.2)

6 38.9 (12.6) 42.4 (12.7) 34.4 (11.3) 41.8 (10.4)

Effect of year F-test (P-value) effect size 474.0 (P < 0.001) large effect size 2252.9 (P < 0.001) large effect size

Effect of year*curriculum F-test (P-value) effect size 20.3 (P < 0.001) small effect size 6.0 (P < 0.01) small effect size

Multivariate tests evaluate the effect over time of each variable (labelled with ‘effect of year’) or evaluate the effect of the interaction of
time and type of curriculum (labelled with interaction effect: ‘year*curriculum’)
CMC = conventional medical curriculum; ICMC = integrated contextual medical curriculum; SD = standard deviation

Table 3 Cross-sectional comparison of scores on the Dutch Inter-University Progress Test (PT) (percentage correct-minus-incorrect) for basic
and clinical sciences in CMC and ICMC student samples studying at Ghent University from 1999 to 2006 (one-way ANOVA)

Curricular year

CMC students sample 1 ICMC students sample 2

F

Effect size

Cohen’s dMean PT score (SD) Students, n Mean PT score (SD) Students, n

Basic sciences

2 9.98 (8.07) 95 14.37 (9.16) 963 20.35! 0.51

3 20.13 (8.81) 107 31.45 (11.69) 720 92.83! 1.09

4 30.15 (11.83) 322 33.46 (11.70) 578 16.52* 0.28

5 34.13 (11.29) 200 37.22 (13.66) 413 7.68* 0.25

6 37.02 (12.61) 330 41.44 (12.63) 239 17.03! 0.35

Clinical sciences

2 1.02 (4.11) 95 4.74 (5.03) 963 48.60! 0.81

3 6.04 (4.33) 107 13.09 (7.01) 720 102.20! 1.21

4 14.66 (7.07) 322 21.00 (8.17) 578 136.95! 0.83

5 26.14 (9.95) 200 32.09 (10.57) 413 44.46! 0.58

6 31.32 (9.95) 330 40.82 (10.77) 239 108.16! 0.88

* P < 0.01
! P < 0.001
Effect size based on Cohen’s d: small effect (> 0.20); medium effect (> 0.50); large effect (> 0.80)
CMC = conventional medical curriculum; ICMC = integrated contextual medical curriculum; SD = standard deviation
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Table 4 Results of the general linear model analysis results (ANOVA repeated measures) in relation to differences in the mastery of the basic
and clinical sciences between students studying in two different medical curricula. Dutch Inter-University Progress Test (PT) scores (percentage
correct-minus-incorrect)

Mean PT scores for basic sciences Mean PT scores for clinical sciences

CMC (n = 82) ICMC (n = 197) CMC (n = 82) ICMC (n = 197)

Year Mean (SD) Mean (SD) Mean (SD) Mean (SD)

3 21.2 (9.2) 30.9 (12.9) 6.7 (4.4) 13.5 (6.8)

4 31.2 (12.9) 34.3 (12.5) 14.1 (7.4) 20.1 (8.0)

5 33.0 (12.5) 38.4 (14.9) 25.4 (10.1) 32.8 (11.2)

6 38.9 (12.6) 42.4 (12.7) 34.4 (11.3) 41.8 (10.4)

Effect of year F-test (P-value) effect size 474.0 (P < 0.001) large effect size 2252.9 (P < 0.001) large effect size

Effect of year*curriculum F-test (P-value) effect size 20.3 (P < 0.001) small effect size 6.0 (P < 0.01) small effect size

Multivariate tests evaluate the effect over time of each variable (labelled with ‘effect of year’) or evaluate the effect of the interaction of
time and type of curriculum (labelled with interaction effect: ‘year*curriculum’)
CMC = conventional medical curriculum; ICMC = integrated contextual medical curriculum; SD = standard deviation

Table 3 Cross-sectional comparison of scores on the Dutch Inter-University Progress Test (PT) (percentage correct-minus-incorrect) for basic
and clinical sciences in CMC and ICMC student samples studying at Ghent University from 1999 to 2006 (one-way ANOVA)

Curricular year

CMC students sample 1 ICMC students sample 2

F

Effect size

Cohen’s dMean PT score (SD) Students, n Mean PT score (SD) Students, n

Basic sciences

2 9.98 (8.07) 95 14.37 (9.16) 963 20.35! 0.51

3 20.13 (8.81) 107 31.45 (11.69) 720 92.83! 1.09

4 30.15 (11.83) 322 33.46 (11.70) 578 16.52* 0.28

5 34.13 (11.29) 200 37.22 (13.66) 413 7.68* 0.25

6 37.02 (12.61) 330 41.44 (12.63) 239 17.03! 0.35

Clinical sciences

2 1.02 (4.11) 95 4.74 (5.03) 963 48.60! 0.81

3 6.04 (4.33) 107 13.09 (7.01) 720 102.20! 1.21

4 14.66 (7.07) 322 21.00 (8.17) 578 136.95! 0.83

5 26.14 (9.95) 200 32.09 (10.57) 413 44.46! 0.58

6 31.32 (9.95) 330 40.82 (10.77) 239 108.16! 0.88

* P < 0.01
! P < 0.001
Effect size based on Cohen’s d: small effect (> 0.20); medium effect (> 0.50); large effect (> 0.80)
CMC = conventional medical curriculum; ICMC = integrated contextual medical curriculum; SD = standard deviation
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6 38.9 (12.6) 42.4 (12.7) 34.4 (11.3) 41.8 (10.4)

Effect of year F-test (P-value) effect size 474.0 (P < 0.001) large effect size 2252.9 (P < 0.001) large effect size

Effect of year*curriculum F-test (P-value) effect size 20.3 (P < 0.001) small effect size 6.0 (P < 0.01) small effect size

Multivariate tests evaluate the effect over time of each variable (labelled with ‘effect of year’) or evaluate the effect of the interaction of
time and type of curriculum (labelled with interaction effect: ‘year*curriculum’)
CMC = conventional medical curriculum; ICMC = integrated contextual medical curriculum; SD = standard deviation

Table 3 Cross-sectional comparison of scores on the Dutch Inter-University Progress Test (PT) (percentage correct-minus-incorrect) for basic
and clinical sciences in CMC and ICMC student samples studying at Ghent University from 1999 to 2006 (one-way ANOVA)

Curricular year

CMC students sample 1 ICMC students sample 2

F

Effect size

Cohen’s dMean PT score (SD) Students, n Mean PT score (SD) Students, n

Basic sciences

2 9.98 (8.07) 95 14.37 (9.16) 963 20.35! 0.51

3 20.13 (8.81) 107 31.45 (11.69) 720 92.83! 1.09

4 30.15 (11.83) 322 33.46 (11.70) 578 16.52* 0.28

5 34.13 (11.29) 200 37.22 (13.66) 413 7.68* 0.25

6 37.02 (12.61) 330 41.44 (12.63) 239 17.03! 0.35

Clinical sciences

2 1.02 (4.11) 95 4.74 (5.03) 963 48.60! 0.81

3 6.04 (4.33) 107 13.09 (7.01) 720 102.20! 1.21

4 14.66 (7.07) 322 21.00 (8.17) 578 136.95! 0.83

5 26.14 (9.95) 200 32.09 (10.57) 413 44.46! 0.58

6 31.32 (9.95) 330 40.82 (10.77) 239 108.16! 0.88

* P < 0.01
! P < 0.001
Effect size based on Cohen’s d: small effect (> 0.20); medium effect (> 0.50); large effect (> 0.80)
CMC = conventional medical curriculum; ICMC = integrated contextual medical curriculum; SD = standard deviation
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values ranging from 1 (very bad)
to 5 (very good).

Participants and procedure
In August 2010, all supervisors of
postgraduate training pro-
grammes in the regions of Utrecht
(n = 128) and Hamburg (n = 114)
were sent the questionnaire elec-
tronically, accompanied by infor-
mation about the study and an
invitation to participate. Two
weeks after the initial mailing a
reminder was sent.

Analysis
The judgments of the two groups
were compared with two-sided

independent Student’s t-tests. We
used parametric tests for the
analyses of Likert scale data.
Although there is debate about
the question whether these can be
viewed as interval scales, we fol-
low Norman, who indicates that
parametric statistics are robust
for these types of data.11

Ethical considerations
In accordance with national
practice in the Netherlands and
Germany, ethical approval is not
required for educational studies.
However, we can confirm that
participants cannot be identified
from the material presented, and

that no plausible harm to partic-
ipating individuals could be
caused by this study. The partic-
ipants could freely decide whether
they wanted to respond to the
questionnaire. There were no
adverse consequences if they
decided not to take part.

RESULTS

In total, 34 ⁄ 128 supervisors from
the Utrecht region and 40 ⁄ 114
supervisors from the Hamburg
region completed the question-
naire (response rates 27 and
35 per cent, respectively).

Demographics
The distribution in gender was
nearly the same for the two groups:
82 and 85 per cent of supervisors
were male in Utrecht and Hamburg,
respectively. These percentages
reflect the gender distribution in
the total group of supervisors in
these regions. The responders of
both groups represented a wide
range of 18 and 19 medical disci-
plines in the regions of Utrecht and
Hamburg, respectively.

Preparedness for work
The respondents were asked to
what extent medical graduates
from Utrecht or Hamburg univer-
sities were prepared for the clin-
ical work at their department. The
mean scores (Table 1) were 3.47
and 3.67, respectively. This
difference was not statistically
significant.

Knowledge
We asked the supervisors whether
the residents starting had enough
biomedical, clinical and patho-
physiological knowledge. The
mean scores (Table 1) were 3.12,
3.36 and 3.09 for Utrecht gradu-
ates and 2.97, 3.31 and 3.11 for
Hamburg graduates. The differ-
ences between the two regions
were not statistically significant.
The three items form a reliable
scale (Cronbach’s alpha, 0.84),
but also the mean scale scores
(3.19 for Utrecht and 3.28 for
Hamburg) showed no statistically
significant difference.

Table 1. Overall table of means (and standard
deviations)

To what extent… Utrecht Hamburg

1. are graduates prepared for the
work at your department?

3.47 (0.76) 3.67 (0.72)

2. have graduates enough biomedical
knowledge?

3.12 (0.70) 2.97 (0.80)

3. have graduates enough clinical
knowledge?

3.36 (0.65) 3.31 (0.75)

4. have graduates enough
pathophysiological
knowledge of diseases?

3.09 (0.88) 3.11 (0.88)

Scale for knowledge (2–4) 3.19 (0.64) 3.28 (0.54)

5. are graduates capable to work
independently?**

3.64 (0.78) 3.00 (0.90)

6. are graduates capable to solve
medical problems?*

3.44 (0.71) 3.05 (0.86)

7. are graduates capable to manage
unfamiliar medical situations?**

3.35 (0.54) 2.64 (0.71)

8. are graduates capable to prioritise
their tasks?**

3.41 (0.61) 2.53 (0.77)

9. are graduates capable to collaborate
with other people?**

4.15 (0.62) 3.64 (0.80)

10. are graduates capable to judge when
they should consult their supervisors?*

3.97 (0.59) 3.50 (0.95)

11. are graduates capable to reflect on
their activities?*

3.72 (0.68) 3.25 (0.87)

12. are graduates capable to behave
professionally with regard to patients?

3.76 (0.61) 3.45 (1.06)

13. are graduates capable to manage
stressful situations?

3.38 (0.65) 3.25 (0.81)

Scale for capability (5–13)** 3.65 (0.49) 3.17 (0.46)

*p < 0.05; **p < 0.01.

The respondents
were asked to
what extent
medical
graduates were
prepared for the
clinical work at
their
department

! 2013 John Wiley & Sons Ltd. THE CLINICAL TEACHER 2013; 10: 155–159 157

Graduates from
vertically integrated
curricula
Marjo Wijnen-Meijer and Olle ten Cate, Center for Research and Development of
Education, University Medical Center Utrecht, the Netherlands
Marieke van der Schaaf, Department of Education, Utrecht University, the Netherlands
Sigrid Harendza, Department of Internal Medicine, University Medical Center Hamburg-
Eppendorf, Hamburg, Germany

SUMMARY
Background: Vertical integration
(VI) has been recommended as an
undergraduate medical curriculum
structure that fosters the transi-
tion to postgraduate training. Our
definition of VI includes: (1) the
provision of early clinical experi-
ence; (2) the integration of bio-
medical sciences with clinical
cases; (3) long clerkships during
the final year; and (4) increasing
levels of clinical responsibility for
students. The aim of the current
study is to support the hypothesis
that medical graduates from VI
programmes meet the expectations
of postgraduate supervisors better
than those from non-VI curricula.

Methods: A questionnaire study
was carried out among supervisors
of postgraduate training pro-
grammes run at Utrecht (the Neth-
erlands, VI; n = 128) and Hamburg
(Germany, non-VI; n = 114). The
supervisors were asked about their
medical graduates’ preparedness
for work, knowledge and capabili-
ties to manage some specific parts
of the work as a doctor. They
evaluated their performances on a
five-point Likert scale.
Results: The two groups of
supervisors did not differ in their
judgment of their graduates’
preparedness for work and level
of knowledge. However, supervi-
sors in Utrecht evaluated their

graduates higher with respect to
capability to work independently,
solving medical problems,
managing unfamiliar medical
situations, prioritising tasks,
collaborating with other
people, estimating when they
need to consult their supervi-
sors and reflecting on their
activities.
Discussion: Graduates from VI
medical curricula appeared to
be more capable in several facets
of a doctor’s job. Research into
the actual performance of
graduates from VI and non-VI
curricula is needed to further
support a firm recommendation
for VI curricula.

Graduates from
VI medical
curricula
appeared to be
more capable in
several facets of
a doctor’s job

Vertical
connections

! 2013 John Wiley & Sons Ltd. THE CLINICAL TEACHER 2013; 10: 155–159 155The	Clinical	Teacher	2013;	10:	155–159		
	



ORIGINAL RESEARCH

Curricular Reform in TwoMedical School Tracks and the Impact
on USMLE Scores

Michele B. Lundy1 & Cynthia A. Standley2 & Anton H. Westveld3,4

# International Association of Medical Science Educators 2017

Abstract
Purpose The University of Arizona College of Medicine
underwent several curricular revisions that began in 2006.
These changes included (1) moving from a traditional to a
systems-based curriculum, (2) adding a second campus loca-
tion, and (3) altering the duration of clinical clerkships. We
examined whether these curricular revisions impacted student
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Introduction

A basic assumption is that an emphasis on student-centered
learning, with more context and capacity for what students will
be doing in the practice of medicine, will lead to enhanced stu-
dent outcomes. Medical schools around the world are
redesigning, as well as redefining, the role of basic sciences in
the training of medical students and rethinking how to teach
foundational material such that it will lead to better patient care.
Regardless of the type of medical education students receive,
whether it be traditional, systems-based, problem-based learning,
or other model, medical students have the capacity to adapt and
succeed. However, the need to validate a connection between
undergraduate medical education and students’ performance on
state licensing examinations is even more important to examine
in light of these recent innovations in medical education [1, 2].

The University of Arizona College of Medicine has under-
gone several curricular revisions that began in 2006 with the
matriculation of the class of 2010. These changes included
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than group B+ who experienced the modified preclinical cur-
riculum in Tucson but had old six-week clerkship clinical
curriculum in Phoenix, indicating that the changed curriculum
did not immediately benefit the students on their step 1 per-
formance. Also doing better than group B+ was group C, the
students who experienced both modified changes to the cur-
riculum (i.e., modified preclerkship and five-week clerkship
clinical curriculum), indicating that while the benefits of the
curricular changes were not evident on student perfor-
mance immediately, they did end up benefiting students
in the long run.

Step 2

The results of step 2 performance for the different curricular
groups are shown in the box and whisker plot (Fig. 3), along
with statistically significant results described in Table 3.

Statistical differences in the step 2 results were noted
for the following: group E (modified preclinical and new
five-week clerkship clinical curriculum all in Tucson)
performed better on step 2 than either group A or group
A+ (the control groups with the old traditional curricu-
lum). This suggested to us that perhaps the impact of the
curricular changes is primarily seen in the step 2 perfor-
mance, after the incorporation of both the preclinical and
clinical curricular changes have had a chance to manifest
themselves. Importantly, mean increases in step 2 scores
were also found for curricular groups F and G compared
to the control groups with the traditional curriculum (A,
A+) as well as curricular groups B, B+, C, and E.
Curricular groups F and G, the groups with the modified
preclerkship curriculum and the return to the six-week
clerkships, also had higher mean step 1 scores.
Moreover, the students in these two groups completed
all 4 years on their own campus.

Table 1 Curricular groups and variations

Curricular
group

Graduation
date

Step 1
N

Step 2
N**

Preclerkship
curriculum

Clerkship
curriculum

Campus location for preclinical
curriculum years 1 and 2

Campus location for clinical
curriculum years 3 and 4

A 2006–2009 283 283 Traditional 6 weeks Tucson Tucson

A+ 2006–2009 149 149 Traditional 6 weeks Tucson Phoenix

B 2010 71 71 Modified 6 weeks Tucson Tucson

B+ 2010 40 40 Modified 6 weeks Tucson Phoenix

C 2011–2012 55 55 Modified 5 weeks Tucson Phoenix

D 2011–2012 64 64 Modified: (new
campus/track)

5 weeks Phoenix Phoenix

E 2011–2012 176 158 Modified 5 weeks Tucson Tucson

F 2013–2014 92 89 Modified: (new
campus/track)

Back to
6 weeks

Phoenix Phoenix

G 2013–2014 201 198 Modified Back to
6 weeks

Tucson Tucson

H 2013–2014 31 31 Modified Back to
6 weeks

Tucson Phoenix

**Attrition from step 1 to step 2 exam from groups E, F, and G is related to when the data were captured and possible delay of testing (graduation)

Fig. 2 Side-by-side box plots
showing the differences among
curricular groups for the step 1
exam. Refer back to Table 1 for
sample size and definition of
curricular groups. The diamonds
are the estimated means for each
group (i.e., estimated effect sizes).
Respectively fromA to H they are
220.73, 217.91, 211.38, 203.57,
209.98, 218.84, 213.96, 225.17,
223.38, and 221.45

Med.Sci.Educ.

USMLE Step 1 (Preclinical) 

Med.Sci.Educ.	DOI	10.1007/s40670-016-0368-y		
	



ORIGINAL RESEARCH

Curricular Reform in TwoMedical School Tracks and the Impact
on USMLE Scores

Michele B. Lundy1 & Cynthia A. Standley2 & Anton H. Westveld3,4

# International Association of Medical Science Educators 2017

Abstract
Purpose The University of Arizona College of Medicine
underwent several curricular revisions that began in 2006.
These changes included (1) moving from a traditional to a
systems-based curriculum, (2) adding a second campus loca-
tion, and (3) altering the duration of clinical clerkships. We
examined whether these curricular revisions impacted student
performance on the United States Medical Licensing
Examination (USMLE) step 1 and step 2 Clinical
Knowledge (CK) examinations.
Method We examined curricular changes that took place from
academic years 2006–2010 (classes of 2010–2014) compared
to the previous traditional-based curriculum in two different
medical school tracks under one university system. Academic
years 2002–2005 served as control, and ten different curricu-
lar groups were examined. An ANOVA was conducted for
each step exam, and all pairwise differences were examined
using Tukey’s honest significant differences. Statistical signif-
icance was established at p < 0.05.
Results The first year of the revised preclerkship curriculum
resulted in lower step 1 scores compared to the previously
traditional curriculum. However, statistically significant mean

increases in step 1 and 2 scores were found for curricular
groups that experienced the revised preclerkship curriculum,
a return to six-week clerkship rotations, and had completed all
4 years at one specific campus on one specific medical track.
Conclusion With the integration of basic and clinical sciences
in the first 2 years and modifications to the clerkship rotations,
the content of the curriculum was taught with more regard to
what will ultimately benefit the practicing physician. This cur-
ricular reform led to higher scores particularly on the step 2
USMLE exam.

Keywords Curriculum . USMLE . Systems-based . Basic
science

Introduction

A basic assumption is that an emphasis on student-centered
learning, with more context and capacity for what students will
be doing in the practice of medicine, will lead to enhanced stu-
dent outcomes. Medical schools around the world are
redesigning, as well as redefining, the role of basic sciences in
the training of medical students and rethinking how to teach
foundational material such that it will lead to better patient care.
Regardless of the type of medical education students receive,
whether it be traditional, systems-based, problem-based learning,
or other model, medical students have the capacity to adapt and
succeed. However, the need to validate a connection between
undergraduate medical education and students’ performance on
state licensing examinations is even more important to examine
in light of these recent innovations in medical education [1, 2].

The University of Arizona College of Medicine has under-
gone several curricular revisions that began in 2006 with the
matriculation of the class of 2010. These changes included

* Cynthia A. Standley
cstand@email.arizona.edu

1 Family, Community and Preventive Medicine, The University of
Arizona College of Medicine – Phoenix, Phoenix, AZ, USA

2 Bioethics and Medical Humanism, The University of Arizona
College of Medicine – Phoenix, Phoenix, AZ, USA

3 Research School of Finance, Actuarial Studies and Statistics, The
Australian National University, Canberra, Australia

4 Statistics Consulting Laboratory at the Bio5 Institute and Statistics
G.I.D.P, The University of Arizona, Tucson, AZ, USA

Med.Sci.Educ.
DOI 10.1007/s40670-016-0368-y

USMLE Step 2 (Clinical) 

Discussion

Several sequential changes to the UA COM medical curricu-
lum have occurred over the last several years. These changes
have consisted of modifying the preclerkship curriculum from
traditional approaches to integration of basic and clinical sci-
ences, changes to the duration of the clerkships of the clinical
curriculum, and the institution of a new location of instruction
over the four-year course of study. The first change to bemade
was the modification to the preclerkship curriculum. Did this
have any benefit on step 1 scores? Curricular groups B and B+
were the first to experience this change. Group B+ (the cohort
that came up to Phoenix for their clinical years) was
outperformed by all groups except group C (the second group
to experience the modified preclerkship curriculum but the
first to experience the change from six- to five-week clerkship
clinical curriculum while rotating in Phoenix) and group E
(the group that experienced these same changes but stayed
in Tucson). Groups D and F, the two groups that completed
all 4 years in Phoenix with both the modified preclerkship
curriculum and the return to six-week clerkship rotations,

performed better than the other groups, while Tucson preclin-
ical groups G and H also performed better, regardless of clin-
ical clerkship in Phoenix or Tucson. Most significant is that
group G performed better than E, as they should have had
identical curriculum. For these groups out of Tucson, this
was years 4 and 5 after the preclinical change. It is possible
that the benefits to student exam performance will not be
evident immediately upon changes to the preclinical curricu-
lum, but may take some time to evolve. Because the students
take step 1 before they begin their clinical rotations, the vari-
ations in the clinical experiences could not have influenced
these scores. Maturation and finesse of the modified
preclerkship curriculum took some time before the change
had an impact on scores. As the curriculum was being modi-
fied, perhaps gaps were created as disciplines were moving
into systems and across several years. This meant that disci-
pline leaders needed to be very vigilant to ensure all important
concepts and objectives were being taught. Moreover, as cli-
nicians began to teach in the preclerkship years alongside
basic scientists, both the perspectives of the clinician (which
relates the material to future practice) and basic science

Table 2 Step 1 score detailed
significant differences (for
example, in the first italicize
block of comparisons, the
estimated mean of group A minus
the estimatedmean of group B+ is
17.15 and similarly for group A+
minus group B+, it is 14.33)

Group Interval: mean difference P value Comparison group

A 17.15 0.00 Performed better than group B+
A+ 14.33 0.01
D 15.27 0.03
F 21.60 0.00
G 19.81 0.00
H 17.88 0.03
F 13.79 0.00 Performed better than group B
G 12.00 0.00

A 10.75 0.04 Performed better than group C
F 15.19 0.00
G 13.40 0.00
F 11.21 0.00 Performed better than group E
G 9.42 0.00

Fig. 3 Side-by-side box plots
showing the differences among
curricular groups for the step 2
exam. Refer back to Table 1 for
sample size and definition of
curricular groups. The diamonds
are the estimated means for each
group (i.e., estimated effect sizes).
Respectively fromA to H they are
226.04, 224.90, 225.96, 222.08,
224.96, 237.80, 232.32, 242.98,
237.87, and 235.32
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o r i g i n a l  c o m m u n i c a t i o n

The Strategic Impact of a Changing 
Curriculum and Learning Environment on 
Medical Students’ Academic Performance
Pamela C. Williams, MD; Anna Cherrie Epps, PhD; Sametria McCammon, MSPH

IntroductIon

During the last several years, Meharry Medical 
College (Nashville, Tennessee) has developed, 
implemented, and sustained a number of insti-

tutional changes, including curricular reform and the 
provision of an academic support services center offer-
ing board certification examination (National Board 
of Medical Examiners [NBME] United States Medical 
Licensing Examination [USMLE]) steps 1 and 2), prep-
aration services, tutoring, faculty-led discipline-orient-
ed reviews, etc, thus creating a more nurturing academic 
and learning environment in the schools of medicine, 
dentistry, and graduate studies and research.

The purpose of this retrospective study was to exam-
ine the possible strategic impact of a changing curricu-
lum and learning environment on student academic per-
formance in the preclinical years and on the NBME 
USMLE steps 1 and 2 certification examinations, as 
well as the comparative relationship of medical student 
performance on internal and external measures utilized 

Funding/Support: Partial funding for this activity was made 
possible by the Department of Health and Human Services/
Office of Minority Health (5MPCMP081013-04-00).

disclaimer: The views expressed in written materials or pub-
lications and by speakers and spokespersons do not neces-
sarily reflect the official policies of the Department of Health 
and Human Services and Office on Minority Health, nor does 
mention of trade names, commercial practices, or organi-
zations imply endorsement by the US Government.

In recent years, the administration of Meharry Medical Col-
lege, School of Medicine (SOM), Nashville, Tennessee, rec-
ognized the need to modify the curriculum to help improve 
student academic performance especially on the National 
Board of Medical Examiners (NBME) US Medical Licens-
ing Examination (USMLE) steps 1 and 2. Thus, a number of 
changes occurred with respect to the traditional curriculum 
in the SOM, resulting in an integrated organ system–based 
curriculum design.

The change in the learning environment was studied to 
determine the impact on performance after the introduc-
tion of the integrated organ system–based curriculum as 
compared to that of the traditional curriculum. With the uti-
lization of a cadre of variables, it was believed that the stra-
tegic impact anticipated would provide a predictive valid-
ity profile to assist in the identification of students “at risk” of 
failure so that proactive intervention methodology could be 
made available to facilitate the students’ successful pro-
gression during matriculation in the SOM.

The purpose of this study was to analyze whether students 
trained with the integrated organ systems curriculum per-
form better than students trained with the traditional medi-
cal school curriculum on the medical education preclinical 
subject board examinations, and the NBME USMLE steps 1 
and 2 examinations.

From the 584 students studied in the control group (gradu-
ation classes for years 2005, 2006, and 2007) and the inter-
vention group (graduation classes for years 2008, 2009, and 
2010), significant improvement in performance on the NBME 
USMLE steps 1 and 2 examinations was noted following the 
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Medicine (Dr Epps), Meharry Medical College, Nashville, Tennessee.
correspondence: Pamela C. Williams, MD, School of Medicine, Meharry 
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introduction of the integrated organ system–based curricu-
lum particularly among “at-risk” students.

Data access availability from the School of Medicine of 
Meharry Medical College automatically gave reason for 
a preferential comparative relationship and study of the 
resulting strategic impact on cohorts graduating in years 
2005-2010. Thus, this longitudinal retrospective review was 
to determine whether or not students’ academic perfor-
mance profiles might provide some valid predictive infor-
mation to help identify “at-risk” students early in their pursuit 
of a health professions career.
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CHANGING CURRICULUM AND LEARNING ENVIRONMENT

Meharry. Thus, this lead the authors to believe and reach 
the conclusion that the reformed curriculum and nurtur-
ing academic environment, inclusive of all of the for-
malized interventions provided, did indeed strategically 
impact the students’ academic performance both inter-
nally and externally particularly on the standardized 
examinations NBME subject board examination, 
Practice NBME USMLE Step 1 examinations as well as 
the NBME USMLE Step 1 examination itself. Surely, 
leading one to believe that, we have the capability to fur-
ther evaluate the validity of the predictive profile data to 
help “at-risk” students to successfully negotiate their 
professional education and training.

Though most of the supportive and nurturing inter-
ventions were in existence in some form prior to the 
introduction of the newly designed integrated organ sys-
tem–oriented curriculum with the exception of the 

existence of the center. We can only conclude that it was 
indeed the expanded formalized interventions and the 
newly integrated organ system–oriented curriculum that 
was responsible for the enhanced academic performance 
changes noted. The literature supports the argument in 
relationship to standardized testing and minority stu-
dents performance on these standardized examinations.

The power analysis calculation for this study was 
verified using STATA 10.0C (StataCorp LP, College 
Station, Texas). STATA results were similar to those 
found in OpenEpi, version 2.0, requiring a sample size 
of 12 to have 90% power. With the study sample size of 
574 students, the study had a power of 100% in STATA 
10.0C. The required sample size for this study was low 
due to the small standard error.

taEle �0� t Test Results of First-<ear Medical Students in Control and Intervention Groups, Preclinical 
Subject Board Examinations With UneTual Variance

test *roup control *roup InterYention *roup

Mean 67.33 71.08
P-value 0.06

taEle ��� NBME USMLE Step 1 and NBME USMLE Step 2 Clinical .nowledge Scores for the Control and 
Intervention Groups

control *roup

 n%0( uS0/( Step � n%0( uS0/( Step 2

Score 73.7 83.7
National mean 93 96.3
Difference from national mean 19.3� points below 12.6� points below

InterYention *roup

 n%0( uS0/( Step � n%0( uS0/( Step 2

Score 85 88.7
National mean 93 96.3
Difference from national mean 8� points below 7.6� points below

Abbreviations: NBME, National Board of Medical Examiners; USMLE, United States Medical Licensing Examination.

taEle �2� t Test Results of First- and Second-<ear Medical Students in the Control and Intervention Groups, 
Preclinical Subject Board Examinations With UneTual Variance

test *roup control *roup InterYention *roup

Mean 67.91 71.42
3 value 0.003

taEle ��� t Test Results of Second-<ear Medical Students in Control and Intervention Groups, Preclinical 
Subject Board Examinations With ETual Variance

test *roup control *roup InterYention *roup

Mean 68.5 71.76
3 value 0.02
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Innovative Curricula

Problem-Based Learning Outcomes: Ten Years
of Experience at the University of
Missouri—Columbia School of Medicine
Kimberly Hoffman, PhD, Michael Hosokawa, EdD, Robert Blake Jr., MD,
Linda Headrick, MD, MS, and Gina Johnson

Abstract
Purpose
To add to a previous publication from
the University of Missouri—Columbia
School of Medicine (UMCSOM) on
students’ improvement in United States
Medical Licensing Examination (USMLE)
Step 1 and Step 2 scores after the
implementation of a problem-based
learning (PBL) curriculum by studying the
performance of ten PBL class cohorts at
the UMCSOM.

Method
Characteristics of graduating classes
matriculating in both traditional and PBL
curricula, 1993–2006, were compared
for Medical College Admission Test
component scores, undergraduate grade

point averages, performance on the
USMLE Step 1 and Step 2 exams, faculty
contact hours, and residency directors’
evaluations of UMCSOM graduates’
performance in the first year of residency.

Results
Mean scores of six of the ten
comparisons for USMLE Step 1 and six of
nine comparisons for USMLE Step 2 are
significantly higher (p ! .01) for
UMCSOM PBL students than for first-
time examinees nationally. These
differences cannot be accounted for by
preselection of academically advantaged
students, increased time on task, or
reduced class size. Gains in performance
continue into residency, as evidenced by

program directors’ perceptions of
superior performance of UMCSOM PBL
graduates.

Conclusions
The PBL curricular changes implemented
with the graduating class of 1997
resulted in higher performances on
USMLEs and improved evaluations from
residency program directors. These
changes better prepare graduates with
knowledge and skills needed to practice
within a complex health care system.
Outcomes reported here support the
investment of financial and human
resources in our PBL curriculum.

Acad Med. 2006; 81:617–625.

Many of the substantial changes seen
over the last ten years have sought to
bring an educational outcomes focus to
the design and delivery of medical
education.1 To date, the greatest changes
have come in the preclerkship years2,3

and focus on integration of the basic
sciences and clinical reasoning in the
curriculum. Initially described by

Neufeld and Barrows,4 problem-based
learning (PBL) is implemented in many
forms in the education of medical
students.5,6 Eighty percent of U.S.
medical schools report they use PBL;
however, of these schools, 39 (45%)
report fewer than 10% of preclinical
contact hours in PBL.7 Despite the
adoption of PBL in medical education,
rigorous research-based evidence of its
effectiveness is limited.

In 2000, Blake, Hosokawa, and Riley8

reported marked improvement in
medical students’ United States Medical
Licensing Examination (USMLE) Step
1 and Step 2 scores after the
implementation of a PBL curriculum at
the University of Missouri—Columbia
School of Medicine (UMCSOM). The
purpose of this article is to add to this
prior work by reporting ten classes of
students’ performances in the PBL
curriculum at the UMCSOM.

Background

Curriculum description

Students are accepted into the UMCSOM
through a traditional application process,

as well as through two preadmissions
programs. The Conley preadmissions
program began with the graduating class
of 1995 (entering in 1991) and the Bryant
Rural Scholar’s program began with the
graduating class of 2002 (entering in 1998).
Students meeting the preadmissions
requirements for these programs are not
required to take the Medical College
Admission Test (MCAT).

All students in the UMCSOM graduating
class of 1997, who matriculated in 1993,
participated in a new four-year PBL
curriculum. The architects of the new
curriculum (including authors MH and
RB) drew from a rich educational
literature to create a curriculum that is
contextually sensitive and integrative
across disciplinary boundaries and that
requires communication and
collaboration. The PBL curriculum
situates learning and problem solving
within a specific context to activate
students’ prior knowledge and establish
the relevance of the information to be
learned; help students learn information
in the same way it will be used in
practice, promoting transfer of learning;
and enhance elaboration of knowledge
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Analysis

To explore the effects of a PBL
curriculum on students’ knowledge of
basic sciences (USMLE Step 1) and of
clinical medicine (USMLE Step 2), we
compared students’ Step 1 and Step 2
mean scores before and after
introduction of the PBL curriculum. The
current version of the USMLE was
implemented in 1992; thus, scores for
three traditional curriculum graduating
classes are available for Step 1
comparisons, and scores for four classes
are available for Step 2 comparisons. For
each year, we compared the mean scores
of UMCSOM students attempting the
USMLE for the first time with the mean
scores of all U.S. and Canadian students
taking the exam for the first time and
used the t-test to assess differences. We
calculated effect sizes as the difference
between the means divided by the
standard deviation of the national data.1

To explore differences in students’
USMLE performances before and after
implementation of the PBL curriculum,
we compared the number of UMCSOM
students who scored in the 90th, 95th,
and 99th percentile nationally on the
USMLE Step 1 and USMLE Step 2. The
t-test was used to assess differences
between performance of the classes of
1993, 1994, 1995, and 1996 (pre-PBL)
and each of the PBL graduating classes
from 1997–2000. Scores for each
administration of the USMLE are
equated so that the three-digit score
indicates the same level of performance
across time. The equivalence holds even if
the pass-fail standard changes. Percentiles
are interpreted in light of the examinee
group on which they are based. The same
three-digit score may be associated with
different percentile ranks based upon the
examinee performance from different
examination periods. The percentile rank
provides an assessment of an individual’s
performance in comparison to all other
first-time takers during a given
examination period. Citing problems
with interpretation and comparison of
percentile ranks, the USMLE announced
that as of May 1999 percentile
information would no longer be provided
in connection with reports of USMLE
scores.15 Percentile rank data are available
through the graduating class of 2000 for
Step 1 and the class of 1999 for Step 2.
Significance is annotated when the
comparisons between the PBL
curriculum and each of the years of the

Figure 2 Mean scores for Step 1 of the United States Medical Licensing Examination (USMLE) for
graduating classes 1994–2006, University of Missouri—Columbia School of Medicine, and
corresponding U.S. and Canadian scores. Scores for both groups are for first-time test takers.
*Indicates p ! .01 for difference between means.

Figure 3 Mean scores for Step 2 of the United States Medical Licensing Examination (USMLE) for
graduating classes 1993–2005, University of Missouri—Columbia School of Medicine, and
corresponding U.S. and Canadian scores. Scores for both groups are for first-time test takers.
*Indicates p !. 01 for difference between means.
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Problem-Based Learning Outcomes: Ten Years
of Experience at the University of
Missouri—Columbia School of Medicine
Kimberly Hoffman, PhD, Michael Hosokawa, EdD, Robert Blake Jr., MD,
Linda Headrick, MD, MS, and Gina Johnson

Abstract
Purpose
To add to a previous publication from
the University of Missouri—Columbia
School of Medicine (UMCSOM) on
students’ improvement in United States
Medical Licensing Examination (USMLE)
Step 1 and Step 2 scores after the
implementation of a problem-based
learning (PBL) curriculum by studying the
performance of ten PBL class cohorts at
the UMCSOM.

Method
Characteristics of graduating classes
matriculating in both traditional and PBL
curricula, 1993–2006, were compared
for Medical College Admission Test
component scores, undergraduate grade

point averages, performance on the
USMLE Step 1 and Step 2 exams, faculty
contact hours, and residency directors’
evaluations of UMCSOM graduates’
performance in the first year of residency.

Results
Mean scores of six of the ten
comparisons for USMLE Step 1 and six of
nine comparisons for USMLE Step 2 are
significantly higher (p ! .01) for
UMCSOM PBL students than for first-
time examinees nationally. These
differences cannot be accounted for by
preselection of academically advantaged
students, increased time on task, or
reduced class size. Gains in performance
continue into residency, as evidenced by

program directors’ perceptions of
superior performance of UMCSOM PBL
graduates.

Conclusions
The PBL curricular changes implemented
with the graduating class of 1997
resulted in higher performances on
USMLEs and improved evaluations from
residency program directors. These
changes better prepare graduates with
knowledge and skills needed to practice
within a complex health care system.
Outcomes reported here support the
investment of financial and human
resources in our PBL curriculum.

Acad Med. 2006; 81:617–625.

Many of the substantial changes seen
over the last ten years have sought to
bring an educational outcomes focus to
the design and delivery of medical
education.1 To date, the greatest changes
have come in the preclerkship years2,3

and focus on integration of the basic
sciences and clinical reasoning in the
curriculum. Initially described by

Neufeld and Barrows,4 problem-based
learning (PBL) is implemented in many
forms in the education of medical
students.5,6 Eighty percent of U.S.
medical schools report they use PBL;
however, of these schools, 39 (45%)
report fewer than 10% of preclinical
contact hours in PBL.7 Despite the
adoption of PBL in medical education,
rigorous research-based evidence of its
effectiveness is limited.

In 2000, Blake, Hosokawa, and Riley8

reported marked improvement in
medical students’ United States Medical
Licensing Examination (USMLE) Step
1 and Step 2 scores after the
implementation of a PBL curriculum at
the University of Missouri—Columbia
School of Medicine (UMCSOM). The
purpose of this article is to add to this
prior work by reporting ten classes of
students’ performances in the PBL
curriculum at the UMCSOM.

Background

Curriculum description

Students are accepted into the UMCSOM
through a traditional application process,

as well as through two preadmissions
programs. The Conley preadmissions
program began with the graduating class
of 1995 (entering in 1991) and the Bryant
Rural Scholar’s program began with the
graduating class of 2002 (entering in 1998).
Students meeting the preadmissions
requirements for these programs are not
required to take the Medical College
Admission Test (MCAT).

All students in the UMCSOM graduating
class of 1997, who matriculated in 1993,
participated in a new four-year PBL
curriculum. The architects of the new
curriculum (including authors MH and
RB) drew from a rich educational
literature to create a curriculum that is
contextually sensitive and integrative
across disciplinary boundaries and that
requires communication and
collaboration. The PBL curriculum
situates learning and problem solving
within a specific context to activate
students’ prior knowledge and establish
the relevance of the information to be
learned; help students learn information
in the same way it will be used in
practice, promoting transfer of learning;
and enhance elaboration of knowledge
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Analysis

To explore the effects of a PBL
curriculum on students’ knowledge of
basic sciences (USMLE Step 1) and of
clinical medicine (USMLE Step 2), we
compared students’ Step 1 and Step 2
mean scores before and after
introduction of the PBL curriculum. The
current version of the USMLE was
implemented in 1992; thus, scores for
three traditional curriculum graduating
classes are available for Step 1
comparisons, and scores for four classes
are available for Step 2 comparisons. For
each year, we compared the mean scores
of UMCSOM students attempting the
USMLE for the first time with the mean
scores of all U.S. and Canadian students
taking the exam for the first time and
used the t-test to assess differences. We
calculated effect sizes as the difference
between the means divided by the
standard deviation of the national data.1

To explore differences in students’
USMLE performances before and after
implementation of the PBL curriculum,
we compared the number of UMCSOM
students who scored in the 90th, 95th,
and 99th percentile nationally on the
USMLE Step 1 and USMLE Step 2. The
t-test was used to assess differences
between performance of the classes of
1993, 1994, 1995, and 1996 (pre-PBL)
and each of the PBL graduating classes
from 1997–2000. Scores for each
administration of the USMLE are
equated so that the three-digit score
indicates the same level of performance
across time. The equivalence holds even if
the pass-fail standard changes. Percentiles
are interpreted in light of the examinee
group on which they are based. The same
three-digit score may be associated with
different percentile ranks based upon the
examinee performance from different
examination periods. The percentile rank
provides an assessment of an individual’s
performance in comparison to all other
first-time takers during a given
examination period. Citing problems
with interpretation and comparison of
percentile ranks, the USMLE announced
that as of May 1999 percentile
information would no longer be provided
in connection with reports of USMLE
scores.15 Percentile rank data are available
through the graduating class of 2000 for
Step 1 and the class of 1999 for Step 2.
Significance is annotated when the
comparisons between the PBL
curriculum and each of the years of the

Figure 2 Mean scores for Step 1 of the United States Medical Licensing Examination (USMLE) for
graduating classes 1994–2006, University of Missouri—Columbia School of Medicine, and
corresponding U.S. and Canadian scores. Scores for both groups are for first-time test takers.
*Indicates p ! .01 for difference between means.

Figure 3 Mean scores for Step 2 of the United States Medical Licensing Examination (USMLE) for
graduating classes 1993–2005, University of Missouri—Columbia School of Medicine, and
corresponding U.S. and Canadian scores. Scores for both groups are for first-time test takers.
*Indicates p !. 01 for difference between means.
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Abstract

This meta-analysis has two aims: (a) to address the main effects of problem based learning
on two categories of outcomes: knowledge and skills; and (b) to address potential moderators
of the effect of problem based learning. We selected 43 articles that met the criteria for
inclusion: empirical studies on problem based learning in tertiary education conducted in real-
life classrooms. The review reveals that there is a robust positive effect from PBL on the
skills of students. This is shown by the vote count, as well as by the combined effect size.
Also no single study reported negative effects. A tendency to negative results is discerned
when considering the effect of PBL on the knowledge of students. The combined effect size
is significantly negative. However, this result is strongly influenced by two studies and the
vote count does not reach a significant level. It is concluded that the combined effect size for
the effect on knowledge is non-robust. As possible moderators of PBL effects, methodological
factors, expertise-level of students, retention period and type of assessment method were inves-
tigated. This moderator analysis shows that both for knowledge- and skills-related outcomes
the expertise-level of the student is associated with the variation in effect sizes. Nevertheless,
the results for skills give a consistent positive picture. For knowledge-related outcomes the
results suggest that the differences encountered in the first and the second year disappear later
on. A last remarkable finding related to the retention period is that students in PBL gained
slightly less knowledge, but remember more of the acquired knowledge.
 2003 Elsevier Science Ltd. All rights reserved.
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on effects concerning the application of knowledge. These percentages add up to
more than 100 since several studies presented outcomes of more than one category.

5.1. Main effects of PBL

The main effect of PBL on knowledge and skills is differentiated. The results of
the analysis is summarized in Table 1.
In general, the results of both the vote count and the combined effect size were

statistically significant. These results suggest that students in PBL are better in apply-
ing their knowledge (skills). None of the studies reported significant negative find-
ings.
However, Table 1 would indicate that PBL has a negative effect on the knowledge

base of the students, compared with the knowledge of students in a conventional
learning environment. The vote count shows a negative tendency with 14 studies
yielding a significant negative effect and only seven studies yielding a significant
positive effect. This negative effect becomes significant for the weighted combined
effect size. However, this significant negative result is mainly due to two outliers
(Eisenstaedt, Bary, & Glanz, 1990; Baca, Mennin, Kaufman, & Moore-West, 1990).
When these two studies are left aside, the combined effect sizes approaches zero
(unweighted ES=-0.051; weighted ES=!0.107, CI:+/! 0.058).

5.1.1. Distribution of effect sizes
The results of the homogeneity analysis reported in Table 1 suggest that further

grouping of the knowledge and skills data is necessary to understand the moderators
of the effects of PBL. As indicated by statistically significant Qt statistics, one or
more factors other than chance or sampling error account for the heterogeneous distri-
bution of effect sizes for knowledge and skills.

Table 1
Main effects of PBL

Outcomeb Sign.+c Sign.!c Studies Average ES Qt
Nd

Unweighted Weighted (CI 95%)

Knowledge 7 15 18 !0.776 !0.223 (+/!0.058) 1379.6 (p=0.000)
Skills 14 0a 17 +0.658 +0.460 (+/!0.058) 57.1 (p=0.000)

a Two-sided sign-test is significant at the 5% level.
b All weighted effect sizes are statistically significant.
c +/! number of studies with a significance (at the 5% level) positive/negative finding.
d the number of total nonindependent outcomes measured.
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fixed-effects model (SMD = 1.40, 95%CI [1.29, 1.51], P < 0.001). In addition, we performed a sensitivity analysis by excluding individual studies sequentially.
Statistically similar results were obtained (SMD = 1.28~1.60, P < 0.01), suggesting the stability of this meta-analysis. In the stratified analysis by school system,
we pooled the data from 5 studies in which target population were all five-year system students using the random-effects model (I2 = 92%, P < 0.001). A
statistically significant difference was also observed in skill scores (SMD = 1.08, 95%CI [0.47, 1.69], P = 0.0006) in favor of PBL, compared with the traditional
teaching.

Figure 4: Forest plot for the effects of PBL on skill scores compared with the traditional teaching.

Full size image

Publication bias
Funnel plots for knowledge scores (Fig. 5) showed no clear evidence of publication bias, and the test using Egger’s method did not suggest publication bias, either
(t = −0.47, P = 0.649). Funnel plots for skill scores (Fig. 6) also showed no clear evidence of publication bias, and the test using Egger’s method did not suggest
publication bias, either (t = 0.14, P = 0.896).

Figure 5: Funnel plots for the assessment of potential publication bias in knowledge scores.

Full size image

Figure 6: Funnel plots for the assessment of potential publication bias in skill scores.
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Team-Based Learning

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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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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Team-Based Learning

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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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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form of IRATs and/or GRATS. However, because most

alternative teaching methods do not require teachers to

assess students’ knowledge during the actual teaching session

and therefore do not report this short-term knowledge score,

there were no comparative data between TBL and non-TBL

groups for this short-term knowledge variable. All included

studies provided knowledge scores comparing groups for the

course or the semester in which TBL was implemented and so

these are the variables analysed in this review.

Methodological quality and risk of bias of included
studies

Quality assessment reveals various methodological shortcom-

ings and these are reported by study in Tables 8 and 9. The

three randomised and non-randomised controlled trials were

assessed for quality using the Cochrane Risk of Bias tool.

Allocation appeared to be appropriately randomised in the

RCT (Koles et al. 2005), while the two NRCTs allocated

students to groups based on last name (Thomas & Bowen

2011; Willett et al. 2011). None of the trials attempted to blind

the students to their allocation or to the study hypothesis.

None of the trials seemed to be at risk of selective outcome

reporting or other sources of bias.

For 8 of the 11 cohort studies, the learners were truly

representative of the average health-care professions student,

and both exposed and non-exposed cohorts were drawn from

the same community (Nieder et al. 2005; Levine et al. 2004;

Letassy et al. 2008; Pileggi & O’Neill 2008; Conway et al. 2010;

Mennenga 2010; Zgheib et al. 2010; Zingone et al. 2010). One

study lost five failing students, leading the reviewers to deem

the remaining cohort somewhat, but not truly, representative

of the average health professions class. Two cohort studies

assessed TBL within a group of self-selected volunteers

(Torralba et al. 2009; Wiener et al. 2009). The majority of

studies did not attempt to control for potential confounders

between the exposed and non-exposed cohorts with regard to

learning aptitudes, histories, etc.; however, one study did

analyse scores after taking pre-intervention GPAs into account

while another looked at age, health-care experience, previous

GPAs and other measures (Mennenga 2010; Zingone et al.

2010). The results observed among the studies that provided

adjusted estimates were inconsistent; therefore, it is uncertain

whether unadjusted results from the remaining studies may

have over- or underestimated intervention effects.

All studies had a clear definition of the outcome being

assessed and collected the outcome data via record linkage for

knowledge scores and via student self-reporting for learner

reaction. Four studies did not report on completeness of

follow-up (Letassy et al. 2008; Pileggi & O’Neill 2008; Torralba

et al. 2009; Conway et al. 2010). One study appeared to have a

loss to follow-up rate of greater than 10% with an unclear

explanation of learners lost; however, this was a very large-

scale study that still reported a large number of participants

despite the loss to follow-up (Wiener et al. 2009).

Characteristics of included studies

Table 5 provides a summary of the interventions, comparators,

outcomes measured and main findings of all included studies.

Best efforts to limit heterogeneity between the models of TBL

were employed. However, for full transparency a column of

Table 5. Summary of findings.

Findings: Any significant difference

Outcome Intervention Comparator No statement p4 0.05 p5 0.05
Study design and number

of participants enrolled

Knowledge TBL CBGD No difference RCT (n¼83)
Favours TBL NCC (n¼ unclear)

SGL Favours TBL NRCT (n¼112)
Favours TBL NRCT (n¼167)

Mixed Active Learning Favours TBL CC (n¼64)
Independent Study Favours TBL PC (n¼1417)
Traditional Lecture No difference NCC (n¼ unclear)

Favours TBL RC (n¼186)
Favours TBL NCC (n¼280*)

Favours TBL NCC (n¼306)
No difference NCC (n¼143)

Favours TBL NCC (n¼371)
Favours TBL NCC (n¼ unclear)

No difference PC (n¼121)
Reaction TBL CBGD No difference RCT (n¼83)

SGL No difference NRCT (n¼112)
Favours SGL NRCT (n¼167)

Mixed Active Learning No difference CC (n¼64)
Traditional Lecture Favours TBL NCC (n¼ unclear)

Favours lecture NCC (n¼280*)
Favours TBL NCC (n¼306)

RCT¼ randomized controlled trial; NRCT¼ non-randomized controlled trial; NCC¼ non-concurrent cohort; CC¼ concurrent cohort; PC¼prospective cohort;
RC¼ retrospective cohort.
*The exact number of participants enrolled in the study was not reported.

M. Fatmi et al.
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Abstract
Background: Team-Based Learning (TBL) is a student-centred active learning method, requiring less faculty time than other

active learning methods. While TBL may have pedagogical value, individual studies present inconsistent findings. The aim of this

systematic review was to assess the effectiveness of TBL on improving learning outcomes in health professions education.

Methods: A peer-reviewed systematic review protocol was registered with the Best Evidence in Medical Education (BEME)

organization. After comprehensive literature searching, title and full-text review were completed by two independent reviewers.

Included studies assessed TBL and a valid comparator in health professions. Included studies were assessed for methodological

quality by two independent reviewers. Studies were categorised by outcomes using the Kirkpatrick framework.

Results: Of 330 screened titles, 14 were included. Seven studies reported significant increase in knowledge scores for the TBL

group, four reported no difference and three showed improvement but did not comment on statistical significance. Only one study

reported significant improvement in learner reaction for the TBL group while another study reported a significant difference

favouring the comparator.

Conclusions: Despite improvement in knowledge scores, there was mixed learner reaction. This may reflect the increased

demands on learners in this student-centred teaching strategy, although further study is needed.

Introduction

With increasing enrolment in health professions programmes,

there is a growing interest in active learning strategies due to

the belief that active learning results in enhanced knowledge

retention and skills application (Forsetlund et al. 2009). While

traditional lecture-based learning can be successful in teaching

students to recall information, health professions students must

also be able to think critically and apply their knowledge in

novel situations (Parmelee & Michaelsen 2010).

Several active learning methods have been investigated in

the past decades. Problem-based learning (PBL) was one of

the first to be implemented in health professions education,

starting with McMaster University in 1969 and surviving many

curricular revisions since then (Koles et al. 2010). Other active

learning strategies currently being used include case-based

group discussion, workshops and audience response systems.

While these methods have proven to be effective in increasing

student engagement, they can also be extremely resource-

intensive. With medical education facing a crisis in faculty time

for teaching, alternative methods that do not require high

faculty to student ratios are being sought.

Team-based learning (TBL) attempts to balance the issues

of active learning and faculty teaching time (Searle et al. 2003).

By breaking up a large lecture hall of 100 or more students

into small groups, TBL gets students actively learning while

only requiring one faculty to facilitate (Koles et al. 2005). TBL

was developed by Dr. Larry Michaelsen in a business

curriculum in the 1970s. Michaelsen assigned the students

Practice points

. Team-based learning appears to improve knowledge

scores but yields mixed positive and negative learning

reaction.

. Curriculum planners who do implement TBL are advised

to take precautions to mitigate potentially negative

learner reactions to this teaching strategy. The authors

hypothesise that this may be due to increased student

workload and shift in culture towards peer assessment

and accountability; however, further research is needed

to clarify the reasons for low learner satisfaction.

. TBL appears to be promising over various settings and

populations within health professions education in this

small group of studies.

. More robust, controlled primary studies, with thorough

reporting and with inclusion of higher lever learning

outcomes such as application skills and behaviours,

would be helpful to establish a stronger evidence base

for curriculum planners considering implementation of

TBL.

Correspondence: Anna Oswald, 562 Heritage Medical Research Centre, University of Alberta, Edmonton, AB T6G 2S2, Canada. Tel: 780 407 8711;
fax: 780 407 6055; email: oswald@ualberta.ca
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Abstract
Educational practice and educational research are not aligned with each other.
Current educational practice heavily relies on information transmission or content
delivery to learners. Yet evidence shows that delivery is only a minor part of
learning. To illustrate the directions we might take to find better educational
strategies, six areas of educational evidence are briefly reviewed. The flipped
classroom idea is proposed to shift our expenditure and focus in education. All
information delivery could be web distributed, thus creating more time for other
more expensive educational strategies to support the learner. In research our focus
should shift from comparing one curriculum to the other, to research that explains
why things work in education and under which conditions. This may generate ideas
for creative designers to develop new educational strategies. These best practices
should be shared and further researched. At the same time attention should be paid to
implementation and the realization that teachers learn in a way very similar to the
people they teach. If we take the evidence seriously, our educational practice will
look quite different to the way it does now.
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“We	should	forget	about	comparing	curriculum	X	versus	Y	to	
see	which	is	superior.	Instead	we	should	acquaint	ourselves	
with	evidence	and	theory	from	the	educa.onal	sciences,	
perhaps	even	par.cipate	and	contribute	to	the	scholarly	work.	
Then	we	should	engage	ourselves	in	crea.vely	designing	
educa.onal	strategies	that	make	op.mized	transla.ons	from	
theory	to	educa.on	prac.ce.	We	should	exchange	our	best	
prac.ces	and	learn	from	each	other.”		
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“The learning evidence on student learners equally 
applies to our teachers. Simply telling them to 
change will be the best recipe for disaster. We will 
need to involve them, allow them to experience 
working in different ways, having a change leader 
or manager who is entrusted, who coaches, who 
helps. By doing this well, teachers will also become 
engaged and this will fuel the change process.”  
	



curricular model. The preservation of popular or efficacious

courses can breathe a sense of familiarity for both students and

teachers alike into the new curricula, thus easing the transition.

Very few schools completely dissolved all interdisciplinary

boundaries by integrating pre-clinical coursework, clinical

coursework, preventive medical courses, and the humanities

in creating a new curriculum.

Emphasis on the cultivation of clinical
competency

Traditional medical curriculum models are greatly limited in

the sense that they are designed merely to impart medical

knowledge, and in so doing ignore the cultivation of profes-

sional skills that play an integral role in determining a medical

student’s overall clinical competency. A vital goal of curricular

reform therefore, is to cultivate medical students’ professional

qualities. Most of the medical schools in this study increased

teaching hours dedicated to clinical skills, research skills,

optional lectures, optional practice, arts, and the humanities

following curricular reform. The utilization of multiple instruc-

tional methods, establishment of a formative assessment

system, and creation of the idea of a student-centered

education all are geared towards nurturing students’ profes-

sional qualities.

Continued challenges

Despite the large steps that the reforms described in this study

represent for the small number of Chinese medical schools that

have adopted them, they are just the initial stages towards an

end goal of creating a mature medical curricular model. Such a

model still eludes the majority of Chinese medical schools for a

number of reasons. Attempting to integrate interdisciplinary

curricula can sometimes lead to a piecemeal program that

doesn’t fully achieve teaching goals. Such a phenomenon has

already been reported by some medical schools in China.

Further, administrators, organizers, professors, and tutors all

have varied perceptions of what constitutes medical curricu-

lum reform. A more unified understanding among faculty of

the goals and implementation strategies of curricular reform

would benefit students and ease the transition for the school as

a whole into the new curriculum.

The majority of medical schools in China still employ the

discipline-based curriculum model, where each discipline is

taught almost completely independently of the others.

If properly implemented, curricular model reform can drastic-

ally improve medical student education, teaching methods,

assessment systems, and curricular efficiency. However, in

order for reforms to succeed, both teachers and students must

be willing to embrace an innovative educational philosophy

that, in some cases, may be completely different than anything

they have ever seen before. Among the schools that have

instituted reforms, such an adjustment has proven difficult.

Quite a large number of medical schools reported difficulties in

the training of faculty. In general, schools can only offer a

select few faculty members the experience of overseas

training. Those faculty members can then return to China to

serve as seed trainers for the rest of the faculty. Alternatively,

hosting international experts can allow an entire faculty to gain

exposure to ideas from abroad in one setting, though such

exposure is usually temporary. Finally, the introduction of

small group discussion teaching methods, which require a

larger number of faculties and place an emphasis on clinical

skills training, has placed an onerous financial burden on some

medical schools.

What we need next

Medical curriculum reform at Chinese medical schools has

attracted a lot of attention in recent years. Several leading

medical schools in China have undergone exploratory reforms

and in so doing, have accumulated significant experiences as

well as have made considerable progress. Although these

leading medical schools have for the most part reached their

pre-reform consensus goals, they have done so by using quite

varied curricular models as well as by taking quite varied

approaches at implementing the reforms. Despite a multitude

of challenges, many medical schools report positive results

Table 5. Chief difficulties of instituting medical curriculum reform.

Extremely difficult Relatively difficult Hard to say Almost no difficulty No difficulty

Items
Number of

schools
Percent

(%)
Number of

schools
Percent

(%)
Number of

schools
Percent

(%)
Number of

schools
Percent

(%)
Number of

schools
Percent

(%)

Obtaining financial support 0 0 10 40.0 2 8.0 12 48.0 1 4.0
Training and organizing faculty 1 4.0 12 48.0 1 4.0 10 40.0 1 4.0
Increasing interdisciplinary
coordination

5 20.0 14 56.0 1 4.0 5 20.0 0 0.0

Changing the mindset of faculty
accustomed to antiquated
techniques

2 8.0 12 48.0 4 16.0 7 28.0 0 0

Adaptation by students 0 0 3 12.0 9 36.0 12 48.0 1 4.0
Integration of teaching content 2 8.0 9 36.0 2 8.0 12 48.0 0 0
Application of various
instructional methods

1 4.0 4 16.0 4 16.0 16 64.0 0 0

Implementation of a formative
evaluation system

0 0 9 36.0 7 28.0 9 36.0 0 0

Preparing lecture materials 1 4.0 6 24.0 8 32.0 10 40.0 0 0

Medical curriculum reform in China
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Recommendations 
1. Design your curriculum and pedagogy so that 

students are using the information.  
2. Use cooperative groups or teams 
3. Provide frequent feedback to students 
4. Train and involve faculty: change the culture 
5. Use existing expertise and models 
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Abstract
The popularity of the term ‘‘integrated curriculum’’ has grown immensely in medical education over the last two decades, but what

does this term mean and how do we go about its design, implementation, and evaluation? Definitions and application of the term

vary greatly in the literature, spanning from the integration of content within a single lecture to the integration of a medical school’s

comprehensive curriculum. Taking into account the integrated curriculum’s historic and evolving base of knowledge and theory,

its support from many national medical education organizations, and the ever-increasing body of published examples, we deem it

necessary to present a guide to review and promote further development of the integrated curriculum movement in medical

education with an international perspective. We introduce the history and theory behind integration and provide theoretical

models alongside published examples of common variations of an integrated curriculum. In addition, we identify three areas of

particular need when developing an ideal integrated curriculum, leading us to propose the use of a new, clarified definition of

‘‘integrated curriculum’’, and offer a review of strategies to evaluate the impact of an integrated curriculum on the learner. This

Guide is presented to assist educators in the design, implementation, and evaluation of a thoroughly integrated medical school

curriculum.

Introduction

As national medical education organizations, post-graduate

training programs, and employers place ever-increasing scru-

tiny on preparing medical school graduates for large volumes

of clinical work, medical school curricula around the world

have undergone a major evolution in recent years. The historic

Flexner report, ‘‘Medical Education in the United States and

Canada’’ (1910), set forth many of the standards by which

medical educations is shaped today, including the traditional

‘‘2þ 2’’ curricular structure in which two years of basic science

are followed by two years of clinical science. Despite a century

of evolution of the fund of knowledge in basic and clinical

sciences as well as advancements in teaching strategies, this

curriculum format still persists in many medical schools around

the world, yet is viewed as an inadequate system to prepare

future physicians for twenty-first Century medicine (Cooke

et al. 2006; Irby et al. 2010). The rapid rise of and subsequent

demand for providers to have expertise in areas such as

population health, health policy, healthcare delivery systems,

and interdisciplinary care has demanded that medical gradu-

ates possess knowledge and skills beyond a thorough under-

standing of applied anatomy and pathophysiology (Maeshiro

et al. 2010). The Australian Medical Council (AMC) organizes

the requirements for medical school graduation into four

domains; traditional domains – ‘‘science and scholarship’’ and

‘‘clinical practice’’ – are now matched in emphasis with more

Correspondence: David Brauer, Department of Surgery, Washington University School of Medicine, 660 South Euclid Avenue, Box 8109, Saint
Louis, MO 63110, USA. Tel: þ 1 (314) 362-8028; Fax: þ 1 (314) 747-1288; E-mail: brauerd@wustl.edu

Practice points

" The Integrated Curriculum is becoming an increasingly

popular concept internationally.

" The goal of integration is to break down barriers

between the basic and clinical sciences currently in

place as a result of traditional curricular structures.

" Integration should promote retention of knowledge

and acquisition of skills through repetitive and pro-

gressive development of concepts and their

applications.

" We suggest three areas in need of improvement and

clarification for successful integration: ensuring syn-

chronous presentation of material, avoiding the ten-

dency to diminish the importance of the basic

sciences, and using unified definitions.

" Goals and methods to evaluate whether the goals have

been met are infrequently reported, utilized, and

understood, limiting sustained success and growth of

integrated curricula.

" We propose a unified definition of integrated curricu-

lum and clarify definitions of common, less-compre-

hensive integrative strategies including ‘‘integrated

courses’’ and ‘‘integrated clerkships’’.

312 ISSN 0142-159X print/ISSN 1466-187X online/14/040312–11 ! 2014 Informa UK Ltd.
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Measure the Results! 

Use already validated tools: Progress Tests (especially 
Dutch), or established tests of clinical reasoning or 
other skills 



Resources for Moving 
Forward 


