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Abstract
Team-based learning (TBL) is gaining popularity at medical schools transitioning from lecture-based to active learning curricula.
Here, we review challenges and opportunities faced in implementing TBL at 2 new medical schools. We discuss the importance
of using meaningful TBL grades as well as the role TBL plays in developing critical reasoning skills and in early identification of
struggling students. We also discuss how the concurrent use of learning strategies with different incentive structures such as
problem- and case-based learning could foster the development of well-rounded physicians. We hope this monograph helps and
even inspires educators implementing TBL at their schools.
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Introduction

It is essential for future physicians to analyze and apply new
medical knowledge to keep pace with the rapidly changing
landscape of medical care. Additionally, the physician of
the twenty-first century needs to function within inter-
professional teams to integrate all aspects of medical care,
from prevention to therapy. Clerkship students and resi-
dents have the opportunity to learn from their preceptors
and other members of the medical team by working in small
groups often using a Socratic-like apprenticeship model
[1]. In contrast, basic science topics, covered during the
first years of medical school, have been traditionally taught
in large classes where students learn passively by listening
to a content expert [2]. In these sessions, sometimes the
only direct interactions between students and professors

are questions asked by students in attendance. Some edu-
cators have attempted to increase student participation by
utilizing Bengaged lectures,^ where students are encour-
aged to voluntarily participate in one or more question-
based activities using on-line/computer-based software [2,
3]. This strategy increases student engagement but does not
always incentivize critical thinking. Also, due to its volun-
tary nature, engaged lectures do not necessarily involve all
students attending the lecture. To complicate this further, in
many medical schools, lecture attendance is optional and
lectures are recorded. As a result, a significant number of
students decide to watch lectures on their computers in the
comfort of their own homes, further reducing opportunities
for engagement [4]. Although Benjamin Franklin’s old ad-
age, Btell me and I forget, teach me and I remember. Involve
me and I learn^ was scientifically confirmed in the begin-
ning of the twenty-first century by researchers studying
active learning strategies, instructors of the sciences have
been slow to incorporate and study pedagogical techniques
that utilize active learning. In a meta-analysis of 225 studies
examining student performance in science, engineering,
and mathematics, Freeman et al. reported better student
performance in courses using active learning strategies as
compared with those using traditional lectures [5]. In a
physics class, Deslauriers et al. clearly demonstrated better
student performance, engagement, and attendance as well
as deeper learning of course content when students were
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involved in course-related experiments as compared with
traditional pedagogical techniques [6]. Thus, the empirical
perception, which was elegantly stated by Franklin, is now
backed by strong statistical evidence that favors active
learning over more traditional, lecture-based methods.

If the value of active learning has been so clearly backed by
data, why is there so much resistance to implementation in
medical education? A possible explanation is that the tradi-
tional lecture-based format is a safe and comfortable environ-
ment for faculty and students alike. Both parties typically have
vast experience with this format and clearly understand the
expectations of this method. For faculty, preparing a lecture
is often easier than preparing an active learning session.
Lecture-based teaching is passive for students, and even when
lecturers want to engage the students in a Socratic-like discus-
sion, class sizes are often too large to make this practical. In
the 1980s, L. Michaelsen encountered these same issues in the
business school classes he taught [7]. He addressed these
problems through the development of team-based learning
(TBL™). Since then, TBL has been used inmedical education
[8–10] as well as other professional fields including nursing
[11], veterinary medicine [12], dentistry [13], and law [14]. In
TBL, students are required to prepare content prior to class
and are individually tested on this material, using mastery
level questions, to ensure preparation. This individually ad-
ministered test has been dubbed the individual readiness as-
surance test (iRAT). Completion of this test is followed by
cooperative completion of the same quiz by teams of 5–7
students in an activity called the group readiness assurance
test (gRAT) or more recently, the team readiness assurance
test (tRAT). During this time, peer teaching occurs and stu-
dents attempt to cooperatively master the assigned course con-
tent. The students then apply their newly acquired knowledge
to the last portion of the exercise, the application questions.
These questions are open book but more challenging than
those found on the iRAT/tRAT. Student teams discuss the
questions and arrive at a consensus answer which is reported
to the class resulting in a larger discussion of the tested con-
cepts amongst the teams, facilitated by a faculty member [8,
15].

This monograph will briefly review challenges, opportuni-
ties, insights, and pitfalls learned during the implementation of
TBL exercises at the 2 newest medical schools in the state of
New Jersey (USA).

Implementing TBL at a Medical School:
Insights and Pitfalls

Cooper Medical School of Rowan University (CMSRU) in
Camden and Hackensack Meridian School of Medicine at
Seton Hall University (Hackensack Meridian) in Nutley are
the 2 newest medical schools in New Jersey. They received

their inaugural classes in 2012 and 2018, respectively.
CMSRU graduated its charter class in 2016, and its pre-
clinical curriculum included limited lecturing (6 h/week) and
extensive use of case-based learning (CBL) (6 h/week). The
Hackensack Meridian curriculum is Blecture-less^ and focus-
es on active learning as well, specifically large-group active
learning sessions, problem-based learning (PBL) (3 h/week),
and typically 2 TBL exercises per week.

At CMSRU, TBL exercises were slowly incorporated into
the medical school’s programs. Initially, TBL exercises were
included in a 6-week summer pipeline program for students
from disadvantaged and/or underrepresented minorities in
medicine (URMs). These pipeline programs are common in
US medical schools and are aimed at strengthening academic
performance and enhancing the portfolios of URM students so
they are more competitive in medical school admissions [16,
17]. As part of this program, students took a course inMedical
Microbiology where TBL exercises were used to promote
development of critical reasoning skills [18, 19]. This course
also included several engaged lectures with intra-lecture ques-
tions using a pairwise instruction method similar to that de-
veloped by E. Mazur [20]. Students studied course material in
the afternoons with the help of a first-year medical student and
participated in several TBL exercises that covered these con-
cepts. In the first year of this program, students indicated their
preference for engaged lectures over TBL exercises.
Therefore, in the second year of the program, we decreased
the number of TBL exercises from 6 to 3 and replaced them
with engaged lectures resulting in improved student satisfac-
tion as evidenced by increased evaluation scores for the in-
structor [21]. However, there was a concomitant significant
decrease (p < 0.01) in student performance on the course final
examination. In the following year, we restored the number of
TBL exercises to 6, which resulted in a significant (p < 0.001)
increase in final course grades [21]. Further analysis showed
that over these 3 years, there were no significant differences in
student performance on Bloom’s taxonomy level 1
(remember) final examination questions. However, there was
significant improvement in performance (p < 0.001) on
Bloom’s taxonomy level 2, 3, and 4 (understand, apply, and
analyze) final examination questions in years 1 and 3 as com-
pared with year 2 (please see Fig. 1) [21]. Thus, in agreement
with other authors [22, 23], we concluded that, in contrast to
students’ perceptions that more engaged lectures enhance
learning of course content, TBL exercises are actually more
effective in improving learning of course material and critical
thinking [21]. Interestingly, in course evaluations, when stu-
dents were asked: BWhat is the single best aspect of this course
that needs to be continued?,^ 91% of students in year 1, 67%
of students in year 2, and 75% of students in year 3 answered
BTBL.^ Therefore, even those students who felt more com-
fortable with lectures enjoyed the active learning environment
provided by the TBL exercises.
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The pre-clinical curriculum at CMSRU is organ systems–
based, and the first organ systems–based course is a 4-week
Infectious Diseases (ID) course. This course reviews the funda-
mental basis of identification, diagnosis, and management of
infectious diseases. The first iteration of the ID course included
primarily CBL activities, lectures, and laboratory practical ses-
sions, and there was a relatively high number of non-passing
grades. On review of the literature, we found that use of TBL
exercises in health profession education in Europe, the Middle
East, and the USAwas associated with a significant increase in
course grades [24]. There was also evidence that use of TBL
exercises was helpful for at-risk students [25]. Thus, based on
these studies and our experience with TBL in our pipeline pro-
gram, we decided to implement weekly TBL exercises in the
second iteration of the ID course. These exercises were held on
Mondays, and the assigned materials for review included the
lectures and laboratory practical sessions from the prior week.
There were essentially no changes in faculty and content deliv-
ered between years 1 and 2. As an external incentive, we graded
the RAT exercises as follows: each RAT contributed 3% to the
final grade where the iRATcounted for 1% and the tRATcount-
ed for 2%. The application questions were not graded. Use of
TBL exercises in the second iteration of the ID course followed
by continued use in the next year was associated with improved
final exam performance compared with the first iteration when
no TBL exercises were used (please see Fig. 2) [26]. More
importantly, the final examination failure rate decreased from
16% in year 1 to 6.3% and 2.8% in years 2 and 3, respectively.
Another first-year organ systems–based course, Hematology-

Oncology, which did not incorporate TBL exercises, was used
as a control in our study. Interestingly, there was no change in

Fig. 2 Performance on individual final examination questions after
implementation of team-based learning (TBL) exercises in an Infectious
Diseases course. TBL exercises were implemented in years 2 and 3, while
results of year 1 served as a control in this study. Importantly, as perfor-
mance improved in years 2 and 3 of this study, the final examination
failure rate decreased from 16% in year 1 to 6.3% and 2.8% in years 2
and 3, respectively. Another first-year organ systems–based course,
Hematology-Oncology, which did not incorporate TBL exercises, was
used as a control in our study. There was no change in the final exami-
nation failure rate in the Hematology-Oncology course over the same
time period [26]. Figure from: Behling, KC, Kim, R, Gentile, M, Lopez
O. Does team-based learning improve performance in an infectious dis-
eases course in a pre-clinical curriculum? [26]. Available from doi:
10.5116/ijme.5895.0eea

Fig. 1 Change in percentage of students answering questions correctly
between the pre-course and post-course examinations according to
Bloom’s taxonomy classification. The distribution of changes in the per-
centage of students answering each Bloom’s taxonomy level 1
(remember) (a) or Bloom’s taxonomy level 2, 3, and 4 (understand, apply,
and analyze) (b) question correctly between the pre-course and post-
course examinations was analyzed using a one-way analysis of variance.
In the case of the Bloom’s taxonomy level 2, 3, and 4 questions, this was
followed by a pairwise multiple comparison (Student-Newman-Keuls).
For the Bloom’s taxonomy level 1 questions, there was no significant
difference in the distributions between years 1, 2, and 3 (p = 0.213).
For the Bloom’s taxonomy level 2, 3, and 4 questions, there was a

significant difference in the distributions between years 1 and 2 (p =
0.001) and years 2 and 3 (p < 0.001) but not between years 1 and 3 (p
= 0.587). The upper and lower limits of each box represent the 75th and
25th percentiles of the data, respectively, while the upper and lower whis-
kers represent the 90th and 10th percentiles, respectively. Data points
outside of the whiskers, the outliers, are represented by solid circles.
The horizontal line within each box represents the median (p = 0.317).
Data from: Behling K.C., Murphy M.M., Mitchell-Williams J., Rogers-
McQuadeH., and Lopez O.J., Team-based learning in a pipeline course in
medical microbiology for under-represented student populations in med-
icine improves learning of microbiology concept [21]. Available from
doi: https://doi.org/10.1128/jmbe.v17i3.1083
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the final examination failure rate in this course over the same
time period [26]. Additionally, on further study of student per-
formance in the ID course, we identified a significant positive
correlation between iRATand final course scores [26, 27], sug-
gesting that iRAT scores may help in early identification of
struggling students that may need additional assistance.

Students also provided many positive comments about the
TBL exercises in the ID course [26] including Bweekly TBL
exercises helped me to stay on track with studying.^
Moreover, they also stated that the TBL exercises provided
them the opportunity to dispel any misconceptions they might
have through peer teaching during the tRAT. The success of
TBL exercises in the ID course has prompted other course
directors to consider using TBL exercises in their courses.

One of the authors of this monograph (OJL) has recently
moved to Hackensack Meridian, where students engage in 2
TBL exercises per week as part of the 16-month pre-clinical
curriculum. The TBL prework consists of new content that
students must learn on their own during self-directed learning
time, and TBL grades do not influence the final course grade
in a meaningful way. Preliminary experiences during the first
year of TBL implementation have revealed 2 challenges asso-
ciated with this strategy: (1) 2 TBL exercises in 1 week may
increase stress levels in medical students because of the large
amount of prework necessary for each TBL exercise and (2)
because the TBL exercises do not significantly influence the
final course grade, students achieving below average RAT
scores do not face any significant consequences, resulting in
a missed opportunity to incentivize pre-class preparation to
improve the quality of student participation in team discus-
sions. Additionally, in contrast to our previous findings [27],
preliminary data from an 11-week-long Immunity, Infectious
Diseases and Cancer course demonstrates no correlation be-
tween iRAT and final examination scores in this scenario
where there is a relatively insignificant grading incentive.

To Grade or Not to Grade TBL, That Is
the Question

TBL grading was one of the earliest challenges that we en-
countered with the implementation of TBL exercises in the
pre-clinical curriculum at CMSRU [28]. Grading of TBL ex-
ercises is a very relevant and complex subject, and its pros and
cons have been discussed in the recent TBL literature [28–31].
Some authors have suggested that ungraded TBL exercises
promote an active learning environment, foster the improve-
ment of teamwork skills, and are friendlier to learners [19, 32],
while others highlight the importance of TBL scores contrib-
uting to the overall course grade [15]. As mentioned above, in
the first phase of TBL [15], learners study independently prior
to the TBL exercise to master identified objectives. In the
second phase, mastery of relevant course material prepared

during self-directed learning time is individually evaluated in
a quantitative fashion by the iRAT and then for each team by
the tRAT. After introducing TBL exercises into the pre-
clinical curriculum, we used a retrospective design to study
the effect of grading incentives on iRATand final examination
performance during the first 3 years of TBL implementation
[28]. We found that iRATscores were significantly higher and
positively correlated with final examination scores when they
contributed to the course grade as compared with the year
when they did not [28]. Given our experiences at that time,
in agreement with experts in TBL [33], we suggested that an
appropriate grading incentive that struck a balance between
providing motivation to prepare without being too onerous
would improve student preparation and satisfaction with
TBL exercises without unduly increasing stress and anxiety
related to graded assessments.

We extended our study of TBL performance and its rela-
tionship to final examination scores by conducting a retro-
spective analysis of weekly iRAT scores as well as final ex-
amination scores from 3 cohorts of students (n = 260) in our
pre-clinical ID course at CMSRU [34]. In addition to analyz-
ing overall course performance, we also examined the perfor-
mance of students achieving scores in the upper, middle, and
lower 33th percentile on the final examination, to gain insight
regarding the effect of weekly TBL exercises on high-
performing and struggling students. There was a significant
(p < 0.001) correlation between final examination and iRAT
scores in all 3 student cohorts. Notably, we only detected
highly significant (p < 0.01) weekly improvements in iRAT
scores in students performing in the upper and middle 33rd
percentile on the final examination, but not in the lower 33rd
percentile. These data led us to hypothesize that poorly
performing students may struggle during the first 3 weeks of
the course and are only able to improve their iRAT scores in
the last week of the course, when they have synthesized all the
course content [34]. Alternatively, struggling students may
lack adequate preparation for TBL exercises early in the
course, failing to comply with the required prework [15],
and they are only able to perform well during the last TBL
exercise as they prepare for the final examination.
Unfortunately, either alternative may be associated with
poorer preparation for TBL exercises that likely interferes
with the efficacy of this learning method for struggling stu-
dents while also depriving their TBL teammates of the bene-
fits of peer teaching. Importantly, we also found that iRAT
scores can be used for early identification of struggling stu-
dents who might need additional support to make better use of
their self-directed learning time and also with coping skills to
address the stresses inherent to medical education [35, 36].

The aforementioned studies provide substantial evidence
that graded TBL exercises that influence the final course grade
encourage student preparation allowing for maximal education-
al impact of this learning strategy. However, the distribution of
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points assigned to the iRAT and tRAT has been a matter of
debate amongst TBL practitioners. At our institutions, iRAT
and tRAT scores are assigned 33% and 67%, respectively, of
the total TBL grade, and each team member shares the tRAT
score independent of their individual contribution to the team
discussion. Not surprisingly, tRAT average scores are generally
higher than average iRAT scores [26, 27]. We have been con-
cerned that assignment of such significant weight to the tRAT
would unfairly allow more poorly prepared students, also re-
ferred as Bfree-riders^ byMichaelsen et al. [33], to benefit from
the efforts of their better prepared teammates.

To address this issue, we decided to change the grading of the
iRATand tRAT to create a grading incentive that would encour-
age students to better prepare for TBL exercises. This study was
conducted in a pipeline course for senior undergraduate URM
students that combined TBL and hands-on experiments in mo-
lecular biology [37]. In this study, we evaluated the effect of a
novel grading paradigm that required a minimum iRAT score to
share the team’s tRAT score on individual preparation of rele-
vant course material as assessed by the iRAT.We found that this
new grading incentive lowered the variance of TBL scores
(iRAT and tRAT) and improved the statistical correlation be-
tween final examination and iRAT scores [37]. The reduced
variance suggests that the grading incentive used in this study
reduces disparity in knowledge amongst the students while the
blending of TBL and hands-on sessions improved student ac-
quisition of new knowledge and promoted teamwork skills [37].

Other groups have investigated alternative methods to mo-
tivate student preparation and participation in the tRAT por-
tion of TBL exercises. In a manuscript by Haidet et al. [38],
the authors highlight incentive structure as 1 of the 7 core
elements for TBL implementation. They stated that individual
TBL grading provides enough motivation to enhance prepa-
ration prior to the TBL session whereas team grading provides
an incentive to maximize collaboration [38]. The importance
of peer evaluation in TBL assessment, another core element in
TBL, has been abundantly investigated [7, 33, 39, 40]. Peer
evaluation allows for the acknowledgment of different contri-
butions of individual team members during the tRAT, which
could improve the quality and quantity of individual student
participation. Indeed, Stein et al. recently reported that stu-
dents consistently give the lowest peer evaluation scores to
the least involved student, increasing individual student ac-
countability in TBL [41]. Importantly, Michaelsen et al. sug-
gested that the issue of Bfree-riders^ is critical in all group
approaches (TBL, CBL, and PBL, etc.), and peer evaluations
can provide an incentive for students to do their fair share [33].
Moreover, he suggested that peer assessment is fundamental
to TBL because it allows for practice of important skills in-
cluding teamwork and self-management in an independent
working group; development of better working relationships
with peers; improvements in interpersonal skills; and provi-
sion of feedback in a professional setting [33].

Overall, our studies have demonstrated a statistically signifi-
cant positive correlation between iRAT scores and final exami-
nation scores in both a medical school [28, 34] and a pre-medical
pipeline program forURM students [37].Moreover, graded TBL
exercises [34] with additional assessment incentives for prepara-
tion [37] are positively correlated with improved overall course
performance, highlighting the link between assessment and
learning. Some may refute the idea of using additional assess-
ments to motivate preparation as some believe that the conven-
tional wisdom Bassessment drives learning^ should be replaced
by Bassessment drives learning for assessment (rather than
learning)^ [42]. This newer statement describes a vicious circle
where students are prone to only identify Blearning^ as the sub-
ject(s) for which they are assessed [42]. Furthermore, as stated by
McLachland, assessment can also inhibit the learning process
due to increased stress and anxiety levels associated with graded
assessments [42]. Therefore, while assessments can certainly
drive learning, educators need to be aware that different learning
styles and individual responses to assessment may influence per-
formance on graded TBL assessments.

Our published studies demonstrate the relevance and ben-
efits of graded assessment in TBL [28, 34, 37]. However,
while assessment does not necessarily drive learning in all
settings, it could specifically drive learning in TBL by rein-
forcing changes in attitudes and behaviors, an area that has
been understudied in the current literature. For instance, sev-
eral established medical schools are transitioning to curricula
where active and self-directed learning are playing more cen-
tral roles with more traditional pedagogies, such as teacher-
centered, didactic lectures, are seeing a decrease in utilization.
However, most undergraduate medical students have the most
experience with traditional teacher-centered approaches, such
as didactic lectures, and therefore need more instruction in
how to best utilize newer student-centered pedagogies associ-
ated with active and self-directed learning. While some insti-
tutions may provide orientation to these teaching/learning
methods at the beginning of the first year, further guidance
and accountability over time may be necessary. Notably, at
CMSRU, many students commented that they Bfound the
use of TBL exercises in the ID block to be EXTREMELY
beneficial. I would like to see this incorporated into other
blocks if possible. I felt it served as a nice benchmark and
allowed structured time to discuss topics with classmates.^
We feel that this current system works well; however, the
addition of Bpeer assessment^ to the current iRAT and tRAT
grading scheme may enrich the contributions of students in
TBL. Moreover, it may induce changes in behaviors and atti-
tudes that will improve peer teaching and critical thinking.
Finally, we also contend that graded TBL exercises benefit
not only the learners but also the faculty, because they allow
for early identification of students who are at risk for
underperforming in a course, potentially providing enough
time for intervention.
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Cognitive Versus Non-cognitive Assessments
in Active learning: the Role of Incentive
Structure

At CMSRU, undergraduate medical students are ex-
posed to both CBL and TBL as part of the pre-
clinical curriculum whereas at Hackensack Meridian,
pre-clinical instruction utilizes PBL and TBL. The
classroom settings for CBL and PBL are similar with
the main differences between these 2 active learning
strategies being that in PBL, the group is mostly self-
guided and students identify their own learning objec-
tives, while in CBL, the learning objectives for each
case are determined by the case author, and the facil-
itator’s role is to guide the students towards those
learning objectives using Bguiding^ questions [43, 44]
(please see Table 1 for a comparison between CBL,
PBL, and TBL). In CBL at CMSRU, groups of 8 stu-
dents work with the help of 2 faculty facilitators, 1
basic science and 1 clinical, who are not necessarily
content experts in the subject(s) discussed. These CBL
groups, which meet for 2 h, 3 times per week, are
assembled using the Myers-Briggs personality test as
well as race, sex, national origin, academic achieve-
ments (MCAT scores and undergraduate GPA), and stu-
dent undergraduate institution and remain constant for
an entire academic year.

With the exception of the ID course, TBL exercises
at CMSRU are sporadic and are not a part of every
course in the pre-clinical curriculum. Each TBL group
is composed of 5–6 students who are selected based on
undergraduate GPA, sex, and undergraduate institution.
Of note, the cases discussed during CBL sessions are
related to the content taught during the week, which,
in the ID course, is also covered in the TBL exercises.
In contrast to CBL, in TBL, 1 faculty content expert
facilitates the inter-team discussions of up to 15 teams
at once. Another important difference between these
active learning strategies is that in CBL, students re-
ceive different releases of information during the week
that provide them clues regarding the subjects that they
should prepare for each session, while in TBL, the
faculty selects a mandatory pre-class assignment. In
TBL, students are individually tested on this assign-
ment at the beginning of each TBL session, whereas
there is no objective assessment of medical knowledge
acquisition in CBL.

The assessment and incentive structures for pre-class
preparation and participation are quite different in CBL
and TBL. In CBL, non-cognitive skills, including stu-
dent preparation, participation, completion of learning
objectives, and teamwork, are evaluated each week by
faculty facilitators using a Likert scale. As described

above, assessment of cognitive skills in TBL is based
on individual (iRAT) and team (tRAT) evaluations. We
recently compared the effects of these different incentive
structures on student preparation, participation, and final
exam performance in the ID course [27] by studying the
performances of a volunteer group of students in CBL
and TBL. The performance of this group was consistent
with the rest of the class, and our analysis showed that
iRAT, but not CBL, scores were highly correlated (p <
0.01) with final examination scores, confirming our pre-
vious results highlighting the correlation between assess-
ments of cognitive skills in TBL and final examination
performance [28].

In this study, we also reviewed the amount of time
(%Time) that students in the volunteer study group
spoke during CBL and TBL exercises as a surrogate
for student participation. Notably, we found a strong
correlation (p < 0.01) between either CBL or iRAT
scores and %Time only in students that performed in
the upper 33th percentile on the final examination
[28], suggesting that students that are more successful
in the assessment of their cognitive skills tend to par-
ticipate more in both CBL and TBL discussions (please
see Table 2) [27]. This published study compelled 2
different groups of medical students to write very
flattering BLetters to the Editor^ supporting our findings
and conclusions, stating that BTBL is an effective teach-
ing method, and it should be used more often in other
departments and institutions^ [45] and that Bwe whole-
heartedly agree with the authors that preparation for
sessions is paramount to the eventual learning of an
individual as well as the wider case group^ [46]. In
our most recently published study [47], we also reported
a strong correlation (p < 0.001) between participation in
TBL and iRAT and final examination scores in female,
but not male, students in a pipeline program for
freshmen and sophomore URM college students at
CMSRU. These results suggest that in this group of
URM students, knowledge of the subject improves
self-confidence, particularly in female students, which
in turn increases their level of participation in the
TBL exercise.

Overall, these studies demonstrate that TBL, not
CBL, scores are strong predictors of acquisition of med-
ical knowledge as assessed by course final examina-
tions. As CBL facilitators are not content experts, they
may lack the expertise to assess the accuracy of each
student’s contributions to the CBL discussion. However,
faculty facilitators individually evaluate and provide
feedback for each student on non-cognitive skills such
as participation and teamwork. Interestingly, a study by
Kulatunga-Moruzi and Norman suggests that while cog-
nitive assessments in medical school significantly
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correlate with future cognitive and clinical assessments,
non-cognitive assessments correlate better with perfor-
mance in clinical clerkships [48], reinforcing the value
of these types of evaluations in medical education.

Conclusion

Our experience implementing active learning exercises in the
2 newest medical schools in New Jersey (USA) highlights the
need for a robust understanding of the role of student partici-
pation and grading incentive structures on the performance of
undergraduate medical students. Our results suggest that when
the RAT grade is meaningful for students, individual assess-
ment of cognitive skills by the iRAT is the best predictor of
student success on course final examinations and can therefore
also be used for early identification of students who struggle
with course content. Additionally, we have found that im-
proved knowledge of course content improves participation
in active learning activities, likely leading to better peer teach-
ing and educational impact. Importantly, from the student per-
spective, most CMSRU students favor the use of TBL and
would like to see more of these exercises in their courses, as
preparation for these activities keeps them on track for learn-
ing course content. On the other hand, assessment of non-
cognitive skills during CBL still serves an important role as
it may be predictive of future performance in clinical
clerkships.

The use of CBL/PBL and/or TBL in medical education has
enjoyed some discussion in the recent literature [49–51]. Some

authors feel that although there is no definitive proof that CBL/
PBL helps in acquisition of medical knowledge, CBL/PBL has
positive effects on the social and cognitive competencies nec-
essary for physicians after graduation [31, 48]. Our results and
the current literature suggest that TBL and CBL/PBL can be
used in a complementary fashion in medical education to
Bcombine the best of both worlds,^ as suggested by Dolmans
[51], which may provide a holistic incentive structure to im-
prove educational outcomes in undergraduate medical educa-
tion. These pedagogical methods also help prepare medical
students for life-long learning, by supporting development of
important problem solving and critical thinking skills. In con-
clusion, our findings suggest that use of a combination of active
learning strategies, with different incentive structures, such as
TBL and CBL/PBL, can foster development of essential cog-
nitive and non-cognitive skills required for the practice of med-
icine in the twenty-first century.
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Table 2 ALG and iRATscores and percentage of participation in ALG and TBL of students in the upper and lower 33rd percentiles of ALG and iRAT
scores

ALG scores iRAT scores

Upper 33rd

Percentile
Lower 33rd

Percentile
Upper 33rd

Percentile
Lower 33rd

Percentile

ALG Scores Full Class 4.94 (0.06)** 4.10 (0.06) 4.59 (0.25) 4.56 (0.45)

Average (Standard Deviation) Study
Group

4.73 (0.06)** 4.10 (0.30) 4.42 (0.20) 4.44 (0.34)

iRAT Scores Full Class 6.79 (1.08) 6.74 (1.07) 8.15 (0.59)** 5.82 (0.36)

Average (Standard Deviation) Study
Group

6.58 (2.06) 7.00 (1.90) 8.25 (1.43)** 5.95 (1.73)

Percentage of Participation in ALG Full Class - - - -

Average (Standard Deviation) Study
Group

15.96 (6.26)** 9.17 (6.93) 14.06 (7.41) 11.90 (7.83)

Percentage of Participation in
TBL/gRAT

Full Class - - - -

Average (Standard Deviation) Study
Group

17.81 (8.23)** 12.50 (7.12) 22.10 (9.67)** 15.53 (9.38)

**p<0.01

Table from Carrasco GA, Behling KC, and Lopez OJ, Evaluation of the role of incentive structure on student participation and performance in active
learning strategies: a comparison of case-based and team-based learning [27]. Active learning group (ALG) = case-based learning (CBL).
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