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Objective. Team-based learning is widely used in pharmacy education. In this context, students need to
be incentivized to do preclass preparation, thus ensuring they are ready for team-based learning, via
graded readiness assurance tests (RATs). The purpose of this study was to determine the effect of graded
versus ungraded RATs on examination performance in an ambulatory care elective course for third-year
student pharmacists.
Methods. For the course offered in spring 2020 and 2021, a standard team-based learning framework
was employed. In 2020 the RATs were graded and contributed to the overall course grade (graded RAT
cohort), but in 2021 RAT grades did not contribute to the course grade (ungraded RAT cohort). For the
ungraded RAT cohort, at the end of the course students completed an online anonymous survey regarding
class preparation and perceived team accountability.
Results. No significant difference was found between the graded RAT (n547) and ungraded RAT
cohorts (n536) in the overall mean percentage score on individual RATs (76% vs 74%) and individual
examinations (82% vs 80%).Most students (69%-91%) in the ungraded RAT cohort reported completing
preclass preparation assignments. In the postcourse survey, 94% of students agreed or strongly agreed
that RATs contributed to team members’ learning, and 86% agreed or strongly agreed that they were
proud of their ability to assist in the team’s learning.
Conclusion.Ungraded RATs did not significantly impact students’ examination performance in an elec-
tive course. Removing the grading of this test, whereby grading promotes the performance approach to
learning, may have shifted the students’ motivation to the mastery approach in the context of preclass
preparation. This challenges a widely held belief that grades are necessary incentives for preclass prepa-
ration within team-based learning.
Keywords: team-based learning, pharmacy education, readiness assurance test, assessment

INTRODUCTION
Team-based learning (TBL), a student-centered, collab-

orative, active learning strategy, is widely used in pharmacy
education.1 Literature characterizing TBL in pharmacy
education describes student performance, critical thinking,
problemsolving, and engagement as well as faculty and
student perceptions.2-9 The standard framework for TBL
includes individual preclass preparation, readiness assur-
ance tests (RATs), team application exercises, content

expert-facilitated interteam discussion, and peer evalua-
tion. The RATs consist of multiple-choice items devel-
oped to ensure students have foundational knowledge and
that they have prepared to engage in high-level discussions
during team application exercises. The individual RAT
(iRAT) assures individual student preparation, while the
team RAT (tRAT) allows peer-to-peer teaching through
the clarification of concepts from preparation materials
when students discuss the RAT. Within the standard TBL
framework, RATs contribute to the overall course grade
and incentivize students to prepare for class.10-12

In the 2020-2021 academic year, the synchronous
online course delivery required at that time created a
new learning environment. While continued use of TBL
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maintained a community atmosphere with active engage-
ment, it was not feasible to proctor formative assessments.
Since RATs are delivered in a multiple-choice format and
focus on foundational knowledge, this contributes to poten-
tial academic dishonesty, negating the learning power of the
readiness assurance process.13 One approach to mitigate
academic dishonesty is to remove the motivation to engage
in these behaviors by not having scores contribute to the
course grade.14-15

Limited evidence exists on how ungraded readiness
assurance tests influence TBL. Student accountability for
preclass preparation is paramount for successful student
learning and is determined by using iRATs.10 Some edu-
cators posit that an incentive structure (eg, graded activity)
must be in place as an extrinsic motivator to encourage
students to complete preclass preparation.11,12 Others con-
tend that graded formative assessments, like RATs, cause
undue student stress and facilitate superficial learning
to perform on the assessment.14 Graded assessments as
incentives may motivate learners to use performance-
approach learning, with the goal only to perform on
the assessment.16 This may also promote performance-
avoidance learning, through which students engage with
material to seek approval from others and to appear
competent.16 Both performance-approach and performance-
avoidance learning lead learners to focus on the assessment
rather than mastery of material, which is crucial for prac-
ticing pharmacists.17 In the absence of graded formative
assessments, the stress and anxiety caused by the pressure
to perform is removed, and students can engage in deeper
learning and mastery of material.16 Students with a mas-
tery approach to learning are intrinsically motivated, hav-
ing the goal of improving their own knowledge and
competencies rather than performing on an assessment.16

In the absence of graded formative assessments, additional
extrinsic motivators for individual class preparedness may
still exist through examination performance and team
accountability.12 This study was designed to contribute
additional information to the debate regarding incentive
structures for learning in TBL classrooms. The purpose
was to determine the effect of graded vs ungraded RATs
(formative assessments) on examination performance (sum-
mative assessments) in an elective course.

METHODS
The ambulatory care elective is a two-credit-hour

course for Doctor of Pharmacy (PharmD) students in their
third professional year at the University of Tennessee
Health Science Center College of Pharmacy. The 2020
course offering included three two-hour class sessions
weekly over six weeks, with each session covering one of

11 topics. The standard TBL framework was employed,
except for peer evaluation. Team-based learning was used
to deliver course material synchronously across three cam-
puses using videoconferencing technology. For each class
session, one content expert facilitated from one of three
campuses. Teams consisted of students from the same
campus who met in person for class, and they were devel-
oped using a random number generator. There were 11
RATs (10 multiple-choice items per RAT) and two exami-
nations (25 multiple-choice items). The iRATs were com-
pleted using Examplify (ExamSoft Worldwide LLC). The
tRATs were completed using Immediate Feedback Assess-
ment Technique (IF-AT) (Epstein Educational Enterprises
Inc) cards, which use an answer-until-correct method and
partial credit.18 Individual and team examinations were
completed using Examplify. Proctors for RATs and exami-
nations were present in the classroom on each campus.

The 2021 course offering was delivered using TBL
within the same time frame but through synchronous vid-
eoconferencing using Zoom (Zoom Video Communica-
tions Inc). The same 11 topics in identical sequence to the
2020 offering were included. Teams consisted of students
from different campuses. All students interacted synchro-
nously online with faculty content experts, teammembers,
and classmates. The iRATs were completed using the
online learning management system (Blackboard Inc), and
tRATs were completed using Microsoft Forms, without the
answer-until-correct method. Individual and team exami-
nations were completed using Examplify and Microsoft
Forms, respectively. Topics on each examination were the
same as the 2020 course offering. Examinations were
proctored by faculty/staff through Zoom using methods
developed at our college.19 Students were divided into
three groups for the individual examination and received a
Zoom link from the individual proctor. Student identifica-
tion was verified upon entry into the Zoom meeting, and
surroundings were viewed by the proctor. Once individual
examinations were all complete, students were assigned to
team breakout rooms to complete the team examination.
The assigned proctor entered and exited assigned rooms
during completion of team examinations.

For the 2021 ungraded RAT cohort, intense proctor-
ing of RATs for individual students was not feasible.
Because of the value of RATs within TBL pedagogy,
RATs were included within the course, but the incentive
grading structure was different. For the ungraded RAT
cohort, the iRAT and tRAT accounted for 2.5% of the
final course grade and were for participation only, in con-
trast to the graded RAT cohort, for which iRAT and tRAT
grades accounted for 20% and 30% of the final course
grade, respectively (Table 1).
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The institutional review board granted approval for
this study. Regarding data analysis, cohort demographics
were compared using the t test and chi-square test as
appropriate. Examination grades, individual mean per-
centage scores for iRATs, and a particular grade point
average, namely the pharmacotherapy integrated modules
grade point average (PIM-GPA), were compared using the
t-test. The PIM-GPA was calculated from grades earned
in the pharmacotherapy integrated modules that were
completed prior to enrollment in the elective. The individ-
ual mean percentage score for iRATs was calculated by
adding iRAT scores then dividing by the total number of
TBL sessions for which the student completed an iRAT;
this allowed us to account for potential absences leading to
a difference in the number of TBL sessions.

At course conclusion, the ungraded RAT cohort com-
pleted an anonymous survey (QuestionPro Inc). The survey
included three demographic items, three items adapted
from a previously published survey to determine class
preparation, and the accountability subscale of the Team-
Based Learning Student Assessment Instrument (TBL-
cSAI).20,21 The accountability subscale included eight

items for students to rate level of agreement with a five-
point Likert scale ranging from 15strongly disagree to
55strongly agree. Survey response frequencies were sum-
marized using descriptive statistics.

RESULTS
Forty-seven students enrolled in the graded RAT

(2020) cohort, and 36 enrolled in the ungraded RAT
(2021) cohort. No significant differences existed in stu-
dent characteristics between cohorts with regard to mean
age in years (26 [SD53] in graded RAT vs 26 [SD52] in
ungraded RAT, p5.68), percentage female students (62%
vs 57%, x25.17, p5.57), student-reported prior TBL par-
ticipation (70% vs 74%, x25.04, p5.84), or mean PIM-
GPA (2.9 [SD50.6] vs 3 [SD50.7], p5.31). There was
no significant difference in overall mean iRAT or individ-
ual examination scores (Table 2).

In the ungraded RAT cohort, which was given the
survey, 97% (n535) of students completed the survey.
Student responses to the accountability subscale of the
TBL-SAI are in Table 3. Most students (51%, n518)
spent an average of one to two hours preparing for each
session, whereas 31% (n511) reported spending an aver-
age of 30-60 minutes. For each session, 69%-91% of stu-
dents reported preparing for class, although one student
reported not preparing for any of the sessions. Reasons for
not preparing included that there was too much material
(20.8%), students felt prepared for class without complet-
ing the required readings (15%), class preparation took too
much time (10%), and students had no incentive to partici-
pate since iRATs were not graded (0%).

DISCUSSION
Team-based learning incorporates multiple levels of

student accountability. First, students are individually
accountable to perform well on the iRAT. Second, stu-
dents are accountable to their team members to perform
well on the tRAT and team application exercises. Our

Table 1. Grading Scheme Used to Assess Student
Performance on Graded vs Ungraded Readiness Assurance
Tests in a Team-based Learning Elective

Graded
RAT, %

Ungraded
RAT, %

iRAT 20 2.5a

tRAT 30 2.5a

Midpoint examination (individual) 15 25

Midpoint examination (team) 10 15

Final examination (individual) 15 25

Final examination (team) 10 15

Exit ticket ———— 15

Abbreviations: RAT5readiness assurance test; iRAT5individual
readiness assurance test; tRAT5team readiness assurance test.
a Submission of RATs for class participation (not individually
graded).

Table 2. Comparison of Pharmacy Students’ Scores on Graded vs Ungraded Examinations Administered in a Team-Based
Learning Elective

Graded RAT (n547), Ungraded RAT (n536),
mean % (SD) mean % (SD) p value

iRAT (overall) 76 (9.3) 74 (7.8) .301

iRAT examination 1 79 (10) 74 (10) .002

iRAT examination 2 72 (9) 71 (11) .658

Individual examination grade (overall) 82 (8) 80 (9) .146

Examination 1 82 (9) 75 (11) .002

Examination 2 83 (9) 84 (10) .44

Abbreviations: RAT5readiness assurance test; iRAT5individual readiness assurance test; exam5examination.
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investigation of adjusting the incentive structure in a TBL
classroom using graded or ungraded RATs demonstrated
no significant difference in performance on individual
overall formative and summative assessments. This im-
portant finding is contrary to the widely held belief that a
graded incentive structure is needed to extrinsically moti-
vate students to complete preclass preparation. These
results confirm previously published data by Koh and col-
leagues demonstrating that ungraded formative assess-
ments led to a slight decline in formative assessment
performance but a sustained performance on summative
assessments.22 Our results, along with previously pub-
lished data, challenge one of the core beliefs in TBL, that
graded iRATs incentivize and extrinsically motivate stu-
dents’ individual class preparation.11

Foundational knowledge established through preclass
preparation is crucial within TBL for ensuring proper peer-
to-peer learning, supporting team answers, and achieving
consensus during team application exercises. While some
degree of extrinsic motivation still exists in this structure
(eg, accountability to the team and graded exams), this pro-
cess does not appear to require a graded formative assess-
ment to remain effective. Participating in an iRAT (graded
or ungraded) engages retrieval practice that solidifies
knowledge and brings awareness to knowledge gaps. Per-
haps removing the graded formative assessments allowed
students to shift learning motivation from the performance-
approach and/or performance-avoidance types to the

learning approach, allowing students to focus on mastery
of material rather than performance on assessments. Mas-
tery of material may have been indirectly attributed to per-
formance on other graded assessments within the course.
Accountability to a team of peers may also motivate stu-
dents to prepare for class, as the TBL structure emphasizes
peer-to-peer learning during the tRAT and team applica-
tion exercises.

Results from the end-of-course survey of the ungraded
RAT cohort confirmed that students felt a responsibility to
team members (Table 3). Most reported feeling a need to
contribute to the team, and they perceived their contribu-
tions as important, indicating a perceived benefit from team
interactions that enhanced learning. Regarding class
preparation, most students agreed or strongly agreed
that class preparation was necessary to do well in the
course (Table 3). Most students completed preparation
assignments, though this varied by topic and reasons for
not preparing. Notably, none of the students reported that
they failed to engage in preclass preparation because the
RATs did not contribute to their course grade. This may
demonstrate that although ungraded RATs did not serve as
an incentive for class preparation, students viewed team
accountability as an extrinsic motivator, enticing them to
maintain engagement with course material despite the lack
of a peer evaluation process. Within this incentive struc-
ture, individual examination performance may have also
been perceived as an extrinsic motivator.

Table 3. Survey Responses in the Ungraded Readiness Assurance Test Cohort for the Team-Based Learning Student
Assessment Instrument Subscale18 (n535)

Strongly
disagree, %a Disagree, %a Neutral, %a Agree, %a

Strongly
agree, %a

I spent time studying before class in order
to be more prepared.

0 6 3 57 34

I felt I had to prepare for class in order to
do well.

0 0 9 42 49

I contributed to my team members’
learning.

0 0 6 43 51

My contribution to the team was not
important.

40 43 6 6 6

My team members expected me to assist
them in their learning.

0 3 46 34 17

I was accountable for my teams’ learning. 3 3 32 46 17

I was proud of my ability to assist my
team in their learning.

0 3 11 54 31

I needed to contribute to the team’s
learning.

0 3 20 49 29

Abbreviations: RAT5readiness assurance test; TBL-SAI5Team-Based Learning Student Assessment Instrument; iRAT5individual readiness
assurance test.
a Percentages may not add to 100 due to rounding.
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Although there was no difference in overall scores
for formative and summative assessments, it is important
to note the significant difference in scores between cohorts
for the first iRAT (iRAT examination 1) and the first indi-
vidual examination (individual examination 1), with the
ungraded RAT cohort scoring 5% and 7% lower, respec-
tively (Table 2). Although approximately 70% of students
from both cohorts reported prior participation in TBL,
delivery can vary significantly between courses. Further,
the ungraded RAT cohort was adjusting to TBL delivery
using live synchronous videoconferencing rather than in-
person TBL delivered synchronously across three cam-
puses. This adjustment may have contributed to differences
in scores on the iRAT examination 1 and the individual
examination 1. For examination 2, perhaps students in the
ungraded RAT cohort adjusted to this environment, leading
to better assessment performance. This adjustment may not
have been observed for the graded RAT cohort because the
iRATs were graded and IF-AT cards were used for tRATs,
facilitating more initial engagement with material earlier on
during the course.

Some limitations of this study must be considered.
This was an elective course, so students may have been
more engaged in the subject matter and, therefore, intrinsi-
cally motivated to prepare for and engage in class com-
pared to a required course. Interest in the course content
may have increased the likelihood that students would
engage in the mastery approach. Extrinsic motivators
(eg, formative graded assessments, peer evaluations) may
play a more crucial role in encouraging engagement with
course content for a required course.While we did not col-
lect download rates for preclass materials as in previously
published data, we attempted to characterize class prepara-
tion and perceptions through student survey responses for
the ungraded RAT cohort, but we did not collect the same
data for the graded cohort. Additionally, some content
experts/facilitators differed between cohorts, although new
facilitators received the same training for both cohorts. Indi-
vidual facilitators identified preclass preparation materials,
wrote preclass preparation objectives, created RAT ques-
tions, developed team-based application exercises, facili-
tated class discussion, and created examination questions.

CONCLUSION
Ungraded RATs did not significantly impact student

performance on summative course assessments in an elec-
tive course. Ungraded formative assessments may have
removed the pressure to perform on an assessment and
may have promoted learning to master material, allowing
students to engage in the mastery approach in this course.
Students in the ungraded RAT cohort felt responsible to

their team to prepare for class despite the RATs not con-
tributing to their course grades. We observed high rates of
self-reported preclass preparation and responsibility to
contribute to team learning. Although the extrinsic moti-
vator of graded RATs was removed, students may have
viewed team accountability and examinations as motiva-
tors to learn before and during class. This is supported by
similar scores on overall formative and summative assess-
ments between cohorts. Ungraded iRATs in TBL sessions
for elective courses can be considered as an alternative
approach to mitigate the risk of academic dishonesty with-
out fear of diminishing learning and student performance.
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