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Purpose: Previous studies on team-based learning (TBL) in medical education demonstrated improved learner engage-
ment, learner satisfaction, and academic performance; however, a paucity of information exists on modifications of the
incentive structure of “traditional” TBL practices. The current study investigates the impact of modification to conven-
tional Group Application exercises by examining student preference and student perceptions of TBL outcomes when
Group Application exercises are exclude d from TBL grades. Methods: During the 2009-2010 and 2010-2011 academic
years, 175 students (95.6% response rate) completed a 22-item multiple choice survey followed by 3 open response
questions at the end of their second year of medical school. These students had participated in a TBL supplemented pre-
clinical curriculum with graded Group Application exercises during year one and ungraded Group Application exercises
during year two of medical school. Results: Chi-square analyses showed significant differences between grading catego-
ries for general assessment of TBL, participation and communication, intra-team discussion, inter-team discussion, stu-
dent perceptions of their own effort and development of teamwork skills. Furthermore, 83.8% of students polled prefer
ungraded Group Application exercises with only 7.2% preferring graded and 9.0% indicating no preference. Conclusion:
The use of ungraded Group Application exercises appears to be a successful modification of TBL, making it more “stu-

dent-friendly” while maintaining the goals of active learning and development of teamwork skills.
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INTRODUCTION

Originally developed for large business school classes, team-
based learning (TBL) is a well-defined instructional strategy
employed in numerous medical schools in the United States
[1] and across the globe [2,3]. TBL uses a structured process
that relies on individual and group accountability to promote
mastery of factual knowledge, development of cognitive skills,
and integration of information from multiple sources in addi-
tion to active problem solving and cohesive teamwork. TBL
employs a three-phase strategy: (1) advance preparation: stu-
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dents independently study a preparatory assignment; (2) read-
iness assurance: students demonstrate mastery of the assign-
ment through Individual and Group Readiness Assurance Tests
(IRATs/GRATSs); and (3) application: teams apply knowledge
to problem-solving exercises, termed Group Application (GA
pp) exercises, in which teammates work to reach a consensus
answer, followed by whole-class discussion and debate over
the best solution to the problem [4]. In addition to RATS, in-
dividual accountability is promoted by peer evaluation of each
team member’s contribution to team productivity.

Recently, Haidet et al. [5] proposed the core design elements
of TBL. These include team formation, readiness assurance,
immediate feedback, sequencing of in-class problem solving,
four Ss (significant problem, same problem, specific choice,
and simultaneous reporting), incentive structure, and peer re-
view. This study will focus on the incentive structure of TBL,
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which is thought to be a critical component of the learning
process. In the aforementioned conceptual model of TBL, grad-
ing individual performance motivates preparation prior to the
TBL exercise and grading team performance will provide mo-
tivation to cohesively collaborate and engage with peers for
maximal success [5]. Previous studies on TBL in medical edu-
cation demonstrate improved learner engagement [2], learner
satisfaction [6,7], emotional intelligence [8], and academic
performance with particular benefit for lower-performing
students [9]. To our knowledge, there is a void in the literature
regarding incentive structure and its relation to TBL. While
graded IRATs and GRATSs promote thorough preparation, the
cornerstone of each TBL module is the GApp exercise. In the
2009-2010 academic year, the study institution moved from a
graded GApp exercise to an ungraded GApp exercise in the
year two curriculum, eliminating team grades as a motivator
for students to actively participate in group problem solving.
This change provided the unique opportunity to assess stu-
dents’ perceptions of graded versus ungraded GApps on the
overall TBL experience as well as identify specific factors that
contribute to student grading preference.

METHODS

Team-based learning at study site

At the study site preclinical instruction modalities include
lecture, laboratory exercises, clinical case discussions, online/
independent study modules, audience response sessions, and
TBL. While lecture is the most frequent teaching method used
by faculty, TBL modules heavily supplement the core curricu-
lum. Student assessment is primarily accomplished through
summative course examinations accounting for approximate-
ly 60%-95% of the overall course grades. Individual and group
TBL scores, including peer evaluation, account for most of the
remaining 5%-40%, with several courses including additional
graded assessments.

At the beginning of each academic year, first and second
year students are randomly sorted by faculty into teams of 5-7,
ensuring diverse backgrounds and experiences among team
members. Students remain in these teams through all courses
in an academic year and participate in >25 TBL sessions per
year. Sessions last approximately 2-3 hours, with GApps ac-
counting for approximately 80-120 minutes. The RAT and
GApps are created by a faculty content expert and indepen-
dently reviewed by at least one additional faculty member.

For each TBL module, advance assignments are given prior
to the TBL session (phase 1) and may include textbook read-
ings, lecture notes, journal articles, and independent study
modules. TBL sessions begin with a 10-item multiple-choice
IRAT covering material from the advance assignment. Imme-
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diately following the IRAT, each team takes the same RAT as a
group. TBL facilitators provide immediate feedback on RAT
performance and clarify with brief discussion all RAT answers,
completing phase 2. The remainder of the TBL session con-
sists of phase 3, the GApp exercise.

GApp exercises consist of clinically-based case scenarios
paired with a series of multiple choice questions requiring ex-
tensive problem solving and critical reasoning. Questions fo-
cus on diagnostic and therapeutic decision-making with em-
phasis on basic and clinical science integration [10]. Teams
are permitted to use reference materials while reaching con-
sensus on GApp answer choices, but consultation across teams
is not permitted. Following each question, teams simultane-
ously reveal answer choices. If all teams choose the same cor-
rect answer, the GApp proceeds to the next question. If teams
disagree over the best answer, TBL facilitators lead class discus-
sion/debate until resolution of important concepts is achieved.

The TBL strategy ensures that students receive immediate
feedback on the RATS, are forced to reach team consensus on
application exercises, and simultaneously report and defend
their team decisions. High levels of team functioning as well
as effective interpersonal communication are critical to strong
performance in TBL modules. Individual and team scores are
incorporated into each student’s course grade. For the popula-
tion studied, an individual student’s TBL score consisted of
30% IRAT, 30% GRAT, and 40% GApp during year one and
40% IRAT, 60% GRAT, and 0% GApp during year two. Dur-
ing year one, peer evaluation occurs at the end of each of the
four 10-week courses and serves as TBL grade multiplier. Dur-
ing year two, peer evaluations occur at the end of each acade-
mic term and are incorporated into term 1 and term 2 exam
grades.

Measures

After a review of literature to assess intended outcomes of
TBL, a 22-item multiple choice survey was developed to mea-
sure perceived impact of graded vs. ungraded GApp exercises
on the student TBL experience (see Table 1 for survey ques-
tions) and reviewed by several faculty members at the study
institution. Each item prompted students to consider the like-
lihood of specific TBL outcomes with graded or ungraded
GApp exercises. Items were classified into 6 domains—general
assessment, participation & communication, intra-team dis-
cussion, inter-team discussion, perceived effort, teamwork
skills. Study participants were unaware of categories and items
were randomly distributed throughout the survey. Answer
choices for each item were as follows: (1) graded GApp exer-
cises; (2) both graded and ungraded GApp exercises; and (3)
ungraded GApp exercises. Response proportions were com-
pared to the expected proportions (i.e., 33.33%) using a one
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Table 1. Percentage of responses and chi-square for graded, ungraded, or both graded and ungraded Group Application exercises (n=175)

P-value

The Group Application exercise format

Domain 1: general assessment

Graded (%) Both (%)

Ungraded (%)

Chi-square

1) That results in better knowledge retention is 224 454 322 13.897 <0.001
2) Which will best prepare me for clinical years is 6.3 54.6 39.1 63414 <0.001
3) Which I most enjoy is 41 175 784 160.667 <0.001
4) Which I most prefer is 7.2 9.0 83.8 191.725 <0.001
Domain 2: participation and communication
5) | feel most comfortable sharing my ideas is 23 583 394 85.246 <0.001
6) | feel most comfortable listening to other people’s ideas is 5.1 686 263 109.52 <0.001
7) Iam more willing to admit my answer choice may be incorrect is 80 474 446 50.754 <0.001
8) 1 am likely to try to validate an answer | know is incorrect is 326 453 221 14.000 <0.001
Domain 3:intra-team discussion
9) Which best facilitates discussion within my team is 29.7 40.0 303 15.851 <0.001
10) I learn most from discussion within my team is 21.1 457 331 3.509 0.173
11) Which has the highest quality of discussion within my team is 314 394 291 3.063 0216
Domain 4: inter-team discussion
12) I learn most from discussion between teams is 154 394 45.1 26.103 <0.001
13) Which best facilitates discussion between teams is 223 320 457 14.549 <0.001
14) Which has the highest quality of discussion between teams is 200 349 45.1 16.777 <0.001
15) That helps me learn most from the discussion between teams when my team has 143 40.0 457 29429 <0.001
aminority opinion is
Domain 5: perceived effort
16) I put forth the most effort during team-based learning (TBL) is 406 509 86 41463 <0.001
17) I put forth the most effort preparing for TBL is 406 509 86 51.063 <0.001
18) lam more likely to skip that day’s lecture periods to study for the TBL module is 56.9 36.2 6.9 65.897 <0.001
Domain 6: teamwork skills
19) In which a team member’s “slacking off”"most inhibits team function is 154 394 451 72.766 <0.001
20) In which a team member’s ‘dominating” attitude most inhibits team function is 223 320 457 20.857 <0.001
21) I am most compelled to confront team dysfunction is 200 349 451 67.52 <0.001
22) I learn best to function as a team member is 9.7 61.7 286 56.543 <0.001

sample chi-square analysis. Significance was set to P <0.002
using a Boneferroni correction. Here, a significant P-value in-
dicates that there is a statistically significant association be-
tween students’ perception of their TBL experience and grad-
ing category. Additionally, three open response questions
(“Which Group Application exercise format do you prefer?’,
“What is the reason(s) for the preference stated in the previ-
ous question?”, and “Which component(s) of TBL help you
with remembering course material?”) were included to pro-
vide further insight into students” subjective experiences in
TBL with regard to GApp exercises as well as generating knowl-
edge outcomes. Responses to open response questions were
categorized for quantification during post hoc analysis of sur-
vey data.

Procedures

The population selected for this study participated in a TBL-
supplemented preclinical curriculum with graded GApp exer-
cises during Year One and ungraded GApps during year two at
one United States Medical School. The study institution em-
ploys a graded curriculum (i.e., not pass/fail). With Institution-
al Review Board approval, the survey was completed at the end
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of the second year by consecutive classes in academic years
2009-2010 and 2010-2011. As a measure of advance prepara-
tory effort, second year IRAT scores were compared for classes
in which GApp exercises were graded (class of 2011) and un-
graded (class of 2010). Only scores from TBL modules in which
identical RATs were administered were included in analysis.

RESUTLS

One hundred seventy-five out of 183 students (95.6% re-
sponse rate) completed the survey. Response rates for the three
open response questions were 35.5% (n=65), 32.2% (n=>59),
and 29.5% (n=>54), respectively. Chi-square analyses were
used to determine whether differences in graded versus un-
graded GApp exercises impacted students TBL experience.
Results showed statistically significant differences (P <0.05;
Boneferroni correction P <0.002) on 20 of 22 survey items.
Percentage of responses and chi-square results for graded, un-
graded, or both graded and ungraded GApp exercises are re-
ported in Table 1. Significant differences between grading cat-
egories were noted for (1) general assessment of TBL, (2) stu-
dent perception of their own participation and communica-
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Table 2. Chi-square analysis of responses to domain 4 (inter-team discussion) from students selecting ‘ungraded’for survey item 4 (n= 140)

The Group Application exercise format. .. Graded (%) Both (%)  Ungraded (%) Chi-square P-value
4) Which | most prefer is 00 0.0 100

Domain 4: interteam discussion
12) | learn most from discussion between teams is 12.1 355 525 33957 <0001
13) Which best facilitates discussion between teams is 199 29.1 511 20.843 <0.001
14) Which has the highest quality of discussion between teams is 149 326 525 28986 <0.001
15) That helps me learn most from the discussion between teams when 106 355 539 38929 <0.001

my team has a minority opinion is

Table 3. Chi-square analysis of responses to domain 5 (perceived effort) from only students selecting‘ungraded’for survey item 4 (n=12)

The Group Application exercise format... Graded (%) Both (%)  Ungraded (%) Chi-square
4) Which | most prefer is 100.0 00 0.0

Domain 5: perceived effort
16) I put forth the most effort during team-based learning (TBL) is 100.0 00 0.0 240 <0.001
17) I put forth the most effort preparing for TBL is 91.7 83 0.0 185 <0.001
18) 1 am more likely to skip that day’s lecture periods 66.7 250 83 65 0.039

Table 4. Individual Readiness Assurance Tests (IRAT) grades in TBL modules with graded vs. ungraded Group Application exercises

Academic year Mean IRAT grade Standard deviation
2008-2009, graded Group Application 84.96 1.39
2009-2010, ungraded Group Application 84.36 1.30

Data analyzed from team-based learning (TBL) modules for which identical Readiness Assurance Tests (RATs) were administered for both years (n=20); RATs that
were not identical were excluded from analysis. No significant difference (P=0.76, t-test) was found in mean IRAT grades between 2008-2009 and 2009-2010 aca-

demic years.

Table 5. Responses to question 1: “Which Group Application exercise
format do you prefer?”

Stated preference Percent of responses (%) (n=65)

Ungraded Group Application 84.6
Graded Group Application 6.2
No preference 92

tion during TBL, (3) the facilitation of intra-team discussion,
(4) the facilitation of inter-team discussion, (5) student percep-
tions of their own effort, and (6) development of teamwork
skills.

To uncover why students prefer graded or ungraded GApp
exercises, survey results were further analyzed. Chi-square
analysis of responses from only students selecting ‘ungraded’
for survey item 4 (i.e., those students who responded as ‘pre-
ferring ungraded’ GApp exercises; n=140), shows a signifi-
cant association between ungraded GApp exercises and these
140 students” perception of improved inter-team discussion
(Table 2). On the other hand, chi-square analysis of responses
from only students selecting ‘graded’ for survey item 4 (i.e.,
only those students who responded as ‘preferring graded’ GApp
exercises; n=12), shows a significant association between grad-
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Table 6. Responses to question 2: “What is the reason(s) for the prefer-
ence stated in the previous question?”

Students preferring ~ Students preferring
Reason for preference graded Group ungraded Group
Application (n=4)  Application (n=>55)
Better focus/motivation 750 00
Decreased stress 00 40.0
Better group discussion 250 309
Increased efficiency 00 109
Better learning environment 00 436

Responses categorized during post hoc analysis. Data are presented as per-
centage. Data organized by preference stated in open response question 1.
Because students were free to list several reasons, the sum of percentages may
be >100%.

ed GApp exercises and these 12 students’ perception of im-
proved effort (Table 3). However, despite perceived differences
in preparatory effort among these 12 students, IRAT data shows
students are equally prepared coming into a TBL module re-
gardless of GApp grade weight (Table 4).

Open response questions 1-3 provide additional insight into
reasons for student GApp exercise preference (data shown in
Tables 5-7, respectively). Notably, the percentages reported in
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Table 7. Responses to question 3:“Which component(s) of team-based learning help you with remembering course material?”

All students
(n=54)

TBL component

Students preferring graded
Group Application (n=4)

Students with no
preference (n=4)

Students preferring ungraded
Group Application (n=46)

Group discussion 66.7
Advanced preparation 222
Facilitator explanation 222
Remembering specific questions 24.1
Reviewing material after TBL 93

50.0
250
250
250
250

717 250
196 50.0
196 250
239 250

86 00

Responses categorized during post hoc analysis. Data are presented as percentage. Because students were free to list several team-based learning (TBL) compo-
nents, the sum of percentages may be > 100%. Data in right three columns organized by preference stated in open response question 1.

Table 5 to open response question 1 (“Which Group Applica-
tion exercise format do you prefer?”) corroborate well with
those in Table 1 (item 4). Table 6 shows that students prefer-
ring ungraded GApp exercises in open ended question 1 (n=>55)
listed reduced stress, improved discussion, increased efficien-
cy, and an improved learning environment in response to open
response question 2 (“What is the reason(s) for the preference
stated in the previous question?”), while those students pre-
ferring graded (n=4) listed improved effort/motivation as
reasons for their preference. Together, these data indicate that
a large majority of students prefer ungraded GApp exercises
due to perceived decreases in stress leading to an improve-
ment in the quality of group discussion and improved learn-
ing during TBL. Note also that a large majority of those stu-
dents preferring graded GApp exercises listed group discus-
sion as the most helpful TBL component for remembering
course material (Table 7). Conversely, a minority of students
prefer graded GApp exercises due to a perceived increase in
effort leading to more motivation and better focus during TBL.
Pertinent responses to three open response questions are in-
cluded in the discussion section.

DISCUSSION

The past several decades have seen a paradigm shift in med-
ical education. The call for learner-centered pedagogy has cre-
ated numerous strategic innovations in curricular delivery.
TBL is an innovative tool to supplement traditional lecture-
based undergraduate medical curricula with active learning.
GApp exercises challenge students to cooperatively analyze
difficult clinical cases while incorporating important princi-
pals of basic science, population health, and medical ethics.
Indeed, meaningful and well-constructed GApp exercises are
the cornerstone of a TBL module and are largely responsible
for TBL efficacy, which is noted for improved academic per-
formance [11], professional development, emotional intelli-
gence [8], and student satisfaction [2,7]. The current study in-
vestigates the incentive structure of TBL through a modifica-
tion of conventional GApp exercises by examining student
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preference and student perceptions of TBL outcomes when
GApp exercises are excluded from TBL grades.

Importantly, student survey data in the present study indi-
cate the perceived effectiveness of GApp exercises in generat-
ing knowledge outcomes, developing teamwork skills, and
preparing students for clinical clerkships is, in a large part, in-
dependent of grade weight. Moreover, IRAT grades did not
differ significantly (Table 4) after the study institution remov-
ed grades from GApp exercises in the second year curriculum,
demonstrating undiminished student advanced preparation
or independent learning prior to TBL. Yet still, 83.8% of stu-
dents polled prefer ungraded GApp exercises with only 7.2%
preferring graded.

Of students who prefer ungraded GApp exercises, the ma-
jority cited a better learning environment during the TBL mo-
dule with reduced feelings of stress and anxiety and improved
group discussion. Data from open response questions further
suggests that most students learned more from group discus-
sion with ungraded GApp exercises due to the effective elimi-
nation of extraneous discussion for the sake of grades. Rele-
vant responses include the following:

“This year (with ungraded application exercises) was way
less stressful and more beneficial to my learning”

“Application exercises test deeper understanding of mate-
rials. They sometimes go beyond what is ‘testable, so being
ungraded facilitates discussion without the burden/stress of
grades”

“The ungraded format is much better because people spend
less time arguing and more time learning”

“I feel more ideas were discussed and it made difficult con-
cepts easier to understand because no one was out for points-
only education”

“There is less stress so emphasis is placed on learning to
learn instead of learning for a grade. It also reduces animos-
ity in teams who get an answer wrong.”

“This year (with ungraded GApp exercises) our group was
interested not necessarily with arriving at the correct answer
(though we deliberated thoroughly and seriously to have
sound support for our answer choice), but we were instead
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most concerned with learning. People are more open to cor-
rection when not fighting for a grade.”

It is interesting, in light of findings that medical student stress
peaks during the first two years of medical school [12], that
the majority of second year medical students surveyed in this
study indicate an overwhelming preference for ungraded GApp
exercises due to reduced feelings of stress and anxiety. While
stress is inherent and unavoidable in medical training and
practice, it is during the first two years of medical school when
students are uprooted from their friends and family and face
increased scholastic workload, competition from peers, and
high stakes standardized testing that psychological distress
can overwhelm and disengagement coping strategies become
prevalent. Overwhelming stress in students relying on unhealthy
coping mechanisms may manifest as depression, substance
abuse, decreased altruism/empathy, unprofessional conduct,
and in a word, burnout [13].

There is a paucity of information about curricular contribu-
tions to medical student stress. In developing pedagogical in-
novations, medical educators must be cognizant of and sensi-
tive to any unintended effect on the learning environment and
student well-being. Although several studies have shown that
students prefer TBL to other ‘learner-centered’” educational
approaches [6,7], our data may suggest that in highly motivat-
ed students, such as medical students, extrinsic incentives to
participate (i.e., grades) may have the adverse effect of unnec-
essarily increasing stress levels without concomitant increases
in knowledge or other outcomes. Relevant insights from open
response questions include the following:

“Medical school is full of stress and the added stress of grad-
ed applications are unnecessary and do not significantly con-
tribute to better learning”

“(With ungraded GApp exercises) I can think clearly. I feel
better about speaking up and learn more.... People still take
it seriously even though it isn’t graded”

“(Ungraded GApp exercises) facilitates learning in an en-
vironment where it is acceptable to fail. Just because the ap-
plication isn’t graded doesn’t mean students don’t prepare for
it”

“Learning environment is amazing (with ungraded GApp
exercises) and fosters excellent discussion because we still
feel pressure to support our answers.”

“1 give full effort regardless of (GApp exercise) grade weight””

While stress can arouse feelings of fear and anger, not all
medical students find it unconstructive. Indeed, it can be a
powerful motivator. A small minority of students in this study
preferred graded GApp exercises despite any perceived increase
in stress. These students felt motivated to put forth more effort
if the GApp exercise was graded. Relevant data from open re-
sponse questions from these students are as follows:
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“I enjoy the challenge of grades. Ungraded (application
exercises) are too ‘low key. People tend to slack off more and
ignore what is going in discussion. There is lots of irrelevant
chatter”

“Without grading, GApp exercises may as well be a part
of normal class time. People don't try as hard. My group bare-
ly even cares to pay attention.”

While these students perceived an increase in effort with
graded GApp exercises, knowledge outcomes depend on com-
bined learning through IRAT, GRAT, and GApp exercises,
and our IRAT data indicates that an individual’s mastery of
the advance assignment is independent of whether GAPs are
graded. Moreover, these students represent only a minority of
those polled and ‘typical’ student perceptions do not indicate
decreased effort when GApp exercises are not graded. Future
studies will be necessary to quantify any potential reduction
of effort.

A limitation of this study is that responses are from two cla-
sses of medical students from one institution with exposure to
TBL during both the first and second year of their curriculum.
The extensive exposure to TBL among our study population
may lend this particular group of students to focus less on
grades and more on learning. Results of this study should be
interpreted in light of this and therefore may not be represen-
tative of all medical students. While much effort was taken to
create a valid survey, expert reviewers were from the study in-
stitution only and outside review was not utilized. An addi-
tional limitation is that, except for the IRAT scores, our re-
ported outcomes are largely based on students’ subjective im-
pressions of their experience, as opposed to a more objective
evaluation of their learning. That said, no marked trends in
overall student performance during second year were noted
when graded versus ungraded GApp exercises were used. In
light of our findings, future studies should investigate the ef-
fectiveness of TBL modules when various portions of the mo-
dule are ungraded.

In conclusion, medical students perceive a reduction in stress,
an improved learning environment, and higher quality group
discussion when GApp exercises are ungraded without sacri-
ficing outcomes in knowledge acquisition or the development
of teamwork skills. Students perceive TBL as equally effective
regardless of GApp exercises grade weight, but prefer ungrad-
ed GApp exercises. Extrinsic incentives (i.e., grades) may not
be necessary to ensure participation in active learning strate-
gies and have the adverse effect of unnecessarily increasing
stress levels. The use of ungraded GApps appears, therefore, to
be a successful modification of TBL, making it more “student-
friendly” while maintaining the goals of active learning and
development of teamwork skills among medical students.
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