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Abstract

Purpose Wright State University Boonshoft School of
Medicine (WSU BSOM) has a long track record of utilizing
team-based learning (TBL) as a primary pedagogy during the
pre-clinical years of medical school. Due to its success, select
clerkship directors incorporated TBL into the third year. This
study investigates whether the incorporation of TBL into
clerkship curricula is associated with improved scores on
end-of-clerkship National Board of Medical Examiners
(NBME) subject examinations.

Methods For the eight-year period of 2007-2008 through
2014-2015 at WSU BSOM, two TBL clerkships and three
teacher-centered clerkships were compared to national perfor-
mance on NBME end-of-clerkship test scores. The paired ¢
test was used to compare results to national scores.

Results For the eight-year period, students in the two TBL
clerkships scored higher than corresponding national samples
on the end-of-clerkship NBME test (internal medicine:
80.21 + 0.37 vs. 77.16 £ 0.46, p < 0.001; psychiatry:
81.73 £0.95 vs. 79.56 + 0.86, p < 0.001).

Conclusions BSOM student performance on both the internal
medicine and psychiatry NBME exams has been above the
national mean since the inception of TBL into those curricula
while three teacher-centered clerkships showed no difference.
A TBL curriculum provides sustained improvement in
knowledge-based performance.
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Introduction

Team-based learning (TBL) was developed by Dr. Larry
Michaelsen for business school courses to eliminate lectures
and use class time for students to solve authentic problems in
small groups in the classroom. In a TBL session, there is an (1)
advanced preparation assignment—the core of the “flipped
classroom” model [1], (2) both an individual and a group
readiness assurance test, and (3) a group application exercise
that is based on one or more significant problems with specific
choice options that teams solve and answer simultaneously
[2]. Medical schools in the US began to use TBL in the early
2000s as many explored instructional strategies that would
reduce lecture time without sacrificing content coverage, pro-
mote self-directed learning, and engage students in the class-
room [3, 4]. A review of TBL used in health professions
schools found that the majority of studies reported an increase
in knowledge-based scores [5].

While there is evidence supporting improved academic
performance in pre-clinical medical school courses, including
pharmacology, anatomy, and pathology [6-9], there is little
published on the use of TBL in the clinical years. In 2004,
Levine et al. [10] demonstrated a significant increase in
National Board of Medical Examiners (NBME) subject exam
scores for the first 2 years after implementation of TBL into
the psychiatry clerkship. Later, a survey of medical students
from six different medical schools reported that TBL topic-
based curricula in psychiatry clerkships were associated with
improved performance on the NBME subject examination
[11]. Based on 8 years of sustained improvement at one med-
ical school, Spollen and Cluver [12] recommended replacing
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traditional lectures with TBL to improve NBME and USMLE
step 2 performance.

After 2 years of TBL in a pediatrics clerkship, Warrier et al.
[13] reported improved student performance on the NBME
subject exam compared to the 3 years before implementation.
Also, a year later the TBL students performed significantly
better on two pediatric observed structure clinical examina-
tions (OSCE), than their earlier peers, suggesting longer-
term retention of knowledge [13]. A more recent study in a
pediatrics clerkship found that after TBL implementation the
medical school’s scores in the topic area of blood disorders
increased and were sustained over 3 years [14].

Our medical school demonstrated promising results after
incorporating TBL in pre-clinical courses beginning in 2002
[6, 7]. With such results evident in the pre-clinical curriculum,
the leaders of the psychiatry and internal medicine clerkships
became increasingly concerned about the passivity of lectures,
the lack of student engagement during lectures, and the ab-
sence of any consistent and regular feedback on mastery of
content during the clerkships. Consequently, in 2007-2008
the internal medicine and psychiatry clerkship directors
shifted to a TBL curriculum for their didactics, decreasing
formal curricular time from one full day (the common length
across all BSOM clerkships) to less than a half day per week.
Internal medicine created ten TBL sessions, each 2.5 h in
duration during its 12-week clerkship, focusing on common
adult disorders and diseases. The psychiatry clerkship created
four TBL sessions, each 2.5 h in duration during its six-week
clerkship, focusing on common psychiatric disorders.
Additional didactic sessions average no more than 1 h a week
in the formal curriculum, allowing time for self-directed learn-
ing. Prior to this shift to TBL, NBME subject exam scores in
both of these clerkships were at the national mean.

After observing our students’ NBME scores following the
transformation of the didactic curriculum of these two clerk-
ships, we hypothesized that NBME scores would be more
improved in internal medicine and psychiatry than other clerk-
ships that continued to use a lecture-based didactic curricu-
lum. To our knowledge, our study is the first to compare
NBME results in TBL-based clerkships to lecture-based clerk-
ships for the same cohorts of students.

Materials and Methods

Psychiatry and internal medicine clerkship TBL sessions ad-
hered to the key components of TBL (advanced preparation
assignment, readiness assurance tests and application exer-
cises) in order to generate high student accountability, team-
work, and in-depth learning. Students were assigned to the
same team for the duration of the clerkship.

The other clerkships utilized traditional lecture based di-
dactics and other small group teaching. Family medicine
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was not included in this analysis, as that clerkship did not
use the NBME subject examination during the time period
studied.

The internal medicine and psychiatry clerkships at the
Wright State University Boonshoft School of Medicine
(BSOM) analyzed NBME subject test scores for the 11-year
period from 2004 to 2005 through 2014-2015, which includes
the 8 years of TBL curriculum and 3 years prior to the shift, as
the baseline data set. The two-tailed, paired ¢ test was used to
determine if the differences between the BSOM means and the
national means differed before and after the shift to TBL in
2007-2008. Based on previous cited research [6, 7, 9, 10], we
hypothesized that the use of TBL in the clerkship curriculum
would have a positive impact on the BSOM NBME scores as
compared to the national NBME mean scores. To reject the
null hypothesis (i.e., BSOM scores are not significantly dif-
ferent than the national mean scores), the results of the two-
tailed 7 test were considered statistically significant at p < .05.
Data are presented as mean + standard error. This study was
determined by the Wright State University Institutional
Review Board to be exempt.

Results

Table 1 shows the BSOM and national NBME exam means
for the academic years 2004-2006 (prior to implementation of
TBL), and 2007-2014. Prior to TBL implementation, BSOM

Table 1 BSOM and national NBME subject exam means for 2004—
2006 and 2007-2014 academic years

Clerkship BSOM National Difference P value
Medicine

2004-2006 73.77+0.07 74.83+023 -1.07+0.30 0.07

2007-2014 80.21+0.37 77.16+0.46 3.05+0.30 <0.001
Psychiatry

2004-2006 75.50+0.57 7593+0.19 -043+048 047

2007-2014 81.73+0.95 79.56+0.86 2.16+0.38  <0.001
Pediatrics

20042006 73.13+0.47 7440+020 -1.27+0.27 0.04*

20072014 7726+0.40 77.04+047 023+029 047
Surgery

20042006 69.37+0.52 71.37+030 -2.00+£0.23 0.01*

2007-2014 74.84+0.60 73.84+0.53 1.00+036  0.03
Women’s Health

2004-2006 70.23+0.94 72.07+0.44 -1.83+0.50 0.07

2007-2014 7545+0.54 74.63+048 0.83+0.38  0.07

“ Difference between BSOM and National means accounted for the sig-
nificant p values, with BSOM mean scores significantly below the
National mean scores for Pediatrics and Surgery during academic years
2004-2006
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internal medicine and psychiatry clerkships had NBME sub-
ject exam means that were similar to the national mean.
However, for the 8-year period, students in the two TBL clerk-
ships scored higher on the NBME subject examinations than
corresponding national samples. There were no significant
differences between BSOM and national end-of-clerkship
NBME for pediatrics and women’s health over the 8-year
period with the same cohorts of students (Table 1, Fig. 1).
However, the difference between BSOM and national
NBME performance for surgery was statistically significant.
It is important to note that when analyzing data from 2007 to
2008 through 20132014, the difference between BSOM and
national NBME performance on the end-of-clerkship exam in
surgery was not significant (74.89 = 0.70 vs. 73.99 £ 0.59,
p = 0.06). The authors associate this unanticipated result with
the implementation of some TBL sessions throughout the sur-
gery didactics during academic year 2014-2015. Though not
all surgery didactic sessions were converted to TBL as was the
case with both the internal medicine and psychiatry clerkships
beginning in 2007-2008, these results support the need to
further investigate the mean performance of BSOM students
versus the national NBME mean as additional TBL sessions
are added to not only surgery, but to other clerkships in the
future.

It should be noted that BSOM students’ scores for USMLE
step 1 and step 2 CK were at or near the national average
during the time period included in this study.

Discussion

Our knowledge-based results for NBME end-of-clerkship ex-
amination scores provide evidence to support using TBL as a

key instructional strategy for clinical clerkships. Several fac-
tors may explain how TBL, in licu of didactic lectures, posi-
tively impacted student performance on these examinations.
First, since students no longer had several hours of lecture
each week, time for self-study was created. Second, faculty
could focus on clarifying misconceptions and supporting crit-
ical thinking during TBL sessions, rather than delivering con-
tent. Third, with the transformation to TBL, clerkship leaders
redesigned the curriculum to focus on students applying con-
tent to solve authentic clinical problems. Fourth, since part of
the clerkship grade was based on weekly individual and group
readiness assurance tests, students had to stay current with
weekly reading assignments. In general, TBL maintains stu-
dent accountability for learning as an individual and for being
prepared to contribute to the learning of teammates. Fifth, the
immediate feedback provided by the individual and group
readiness assurance tests allowed students to focus on knowl-
edge gaps prior to the end-of-clerkship examination. Finally,
the application exercises with each session required students
to solve difficult clinical questions in the context of real-life
patient information, and to do so, they needed to find and use
evidence to support their decisions.

Several features of TBL utilize methods that have been
validated to be important aspects in the neurobiology of learn-
ing; these include repetition, reward and reinforcement, stress,
and active engagement [15]. Repetition occurs through the
process of taking the individual readiness assurance test and
then taking the same test as a small group. Through the use of
the Immediate Feedback Assessment Technique (IF-AT) cards
[16], groups receive immediate feedback on their answers and
then rewards in the form of points for correct answers. While
excessive stress can negatively impact learning, the grading
schema of a TBL session simultaneously provides positive

Fig. 1 Differences 4.00
(mean + standard error) between
BSOM students and
corresponding national samples
on the end-of-clerkship NBME
tests over the eight-year period of
TBLs. BSOM students scored
significantly higher in the internal
medicine and psychiatry
clerkships (p < 0.001). There was
a small but statistically significant
difference in the surgery clerkship
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stress and ample accountability. TBL learners typically score
higher on the group readiness assurance test than the preced-
ing IF-AT; thus, simultaneously success is rewarded and new
learning occurs.

The group readiness assurance test and the group applica-
tion exercises, the two major components of a TBL session,
promote active engagement. Further, peer evaluation en-
hances student engagement for the duration of the TBL pro-
cess. Although group activity is not unique to TBL, research
has found that the process of learning in groups produces
enhanced learning [17]. Van Meter and Stevens [18] maintain
that the “structure of collaborative discourse” (i.e., peers
responding to the comments made by their peers) has a posi-
tive impact on individual learning. Indeed, TBL requires con-
siderable discourse between students and faculty, likely fur-
ther enhancing learning.

In the same year TBL was implemented into the 12-
week internal medicine clerkship (2007-2008), three in-
house multiple choice question (MCQ) examinations were
also introduced into that clerkship. The psychiatry clerk-
ship did not add a MCQ examination until academic year
2013-2014. Consequently, the MCQ tests may have had
an additive effect on NBME end-of-clerkship scores.
However, the late addition of a local MCQ exam by the
psychiatry clerkship (6 years after TBL) suggests that the
impact on the NBME scores may not have been powerful.
In addition, many NBME subject exam takers across that
nation may have had clerkships with in-house MCQ tests
similar to BSOM [19]. Also, psychiatry, which is BSOM’s
shortest clerkship at six-weeks, out-performed the three
clerkships that were eight-weeks in duration (surgery, pe-
diatrics, and women’s health). Further, the evidence is
mixed on the relationship between clerkships of varying
lengths and NBME subject examination performance
[20-25].

Strengths and Limitations

The major strength of this research is the fact that within 1 year
of changing the didactic curriculum to TBL in both clerkships,
there was considerable improvement in the end of clerkship
NBME subject examination scores, and those improvements
have been sustained for 8 years, in comparison to the three
clerkships that did not change didactic curricula. Since the
implementation of TBL sessions in the surgery clerkship,
NBME subject examination scores have also improved above
the national mean, providing additional support to our obser-
vation that a shift to TBL yields improvements in NBME
subject examination scores.

A major limitation is related to confounding variables that
were not included in this analysis, specifically the potential
influence of the BSOM internal medicine MCQ examinations
on NBME subject exam performance.
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Practical Implications and Future Research

This study adds to the evidence that utilizing flipped class-
room models, specifically in this case, TBL, improve learner
outcomes in the area of knowledge. Future research will be
focused on examining changes in student outcomes as other
clerkships move to TBL curricula. Additionally, non-
cognitive factors, such as transferability of student engage-
ment on clinical teams could be examined.

Conclusions

This knowledge-based data of NBME end of clerkship exam-
ination scores provides evidence to support the shift to TBL as
the primary pedagogical method of teaching and learning
within the clinical clerkships. The utilization of TBL requires
students to be accountable for content on a weekly basis, pro-
viding opportunity for information to be tested in a formative
manner prior to the end of clerkship NBME examination.

While we cannot conclusively state that changing the di-
dactic structure of a clinical clerkship to the TBL method is the
only factor related to sustained improvement on the NBME
subject examinations in the internal medicine and psychiatry,
our results over 8 years provide support for the use of TBL in
the clinical years. As we develop our new curriculum at
BSOM, the WrightCurriculum, with engaged and self-
directed learning modalities as the primary teaching and learn-
ing methods throughout the 4 years, this data provides evi-
dence within our own school to shift pedagogy in the other
core clinical clerkships.
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