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Objective. To assess the impact of team-based learning (TBL) in a foundational pharmacokinetics
course.
Design. The course was arranged into 5 modules based on the TBL format. Each module contained
preclass preparation; readiness-assurance process; and in-class, clinical cases. Survey instruments on
professionalism and attitudes of team learning were administered pre- and post-course.
Assessment. Examination grades focused at the evaluation/creation level were significantly higher in
the TBL format compared with the previous year. Professionalism scores increased over the course of
the semester, particularly in altruism and honesty. Other measures of team-learning attitudes signifi-
cantly increased over time, although there was no change in major subscales. End-of-semester course
evaluations showed improvements in active engagement and in various areas of skill development.
Conclusion. The TBL format can be used successfully in a foundational pharmacokinetics course to
increase higher levels of learning, team-learning skills, and professionalism in pharmacy students.

Keywords: self-directed learning, cooperative learning, team-based learning, active learning, professionalism,
pharmacokinetics

INTRODUCTION
Pharmacokinetics is often considered to be a quanti-

tative discipline that involves the application of mathe-
matical principles to describe drug behavior within the
body1; however, there is a large conceptual component
to the discipline that goes beyond the calculation aspects.
Because the brain processes exact mathematical calcula-
tions, mathematical estimations, and conceptual concepts
using different regions,2it is important to use instructional
techniques that foster learning in all 3 modalities.

There are 2 important realities in medical education:
differentiating subtle differences between 2 diseases and
being able to quickly diagnose the correct form of that
disease suffered by a patient.3 These concepts translate
directly to pharmacy education, as students need to recog-
nize subtle differences among medications in pharmaco-
therapy practice and quickly apply that information to a
patient. Within pharmacokinetics, the important compe-
tencies are the ability to calculate dosing regimens, recover

patient specific parameters, and apply pharmacokinetics
concepts in lieu or in support of mathematical calculations.
Thismay be an especially challenging task in a community
pharmacy setting that reliesmore on the conceptual frame-
work than on mathematical constructs based on measured
drug concentrations, as often seen in the hospital setting.

In traditionally structured pharmacokinetics courses,
the content is typically taught in a lecture-based format,
with students subsequently using the content in either
an applied pharmacokinetic course, therapeutics course,
or during experiential training. Delaying students’ oppor-
tunity to learn how to use the content does not fit well with
how adults learn best.3 Adults tend to learn what is most
immediately important to them because it is relevant and
has high value; they consequently will payminimal atten-
tion to information not perceived to be valuable based on
lack of immediate relevance.4Authentic problem-solving
is one of the well-supported instructional techniques
to promote critical thinking, as are step-by-step guided
practice, structured collaboration, communication, and
formative feedback.5 These are all components of team-
based learning (TBL).

According to a 2011 survey by the National Associ-
ation of Colleges and Employers, the top 5 skills desirable
to future employers are verbal communication skills and
the ability to make decisions, solve problems, plan and
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organize work, and obtain and process information.6 The
2010 survey tool included work ethic, initiative, interper-
sonal skills, and teamwork within their top 10 skills.
These findings are congruentwith the beliefs of pharmacy
educators7 and current accreditation standards. TBL is 1
strategy that may facilitate student development of the
skills necessary to meet the needs of the job market. This
strategy also may address the aforementioned modalities
to learn calculations, estimations, and concepts.

Previous attempts have been made to design a phar-
macokinetics course to promote critical thinking and in-
crease the amount of self-directed learning.1 In a previous
course design, students prepared before class, their class
time was used for discussion of important concepts in
a recitation-type approach. This approach used smaller
groups (ie, groups of no more than 50 students) attending
class only once a week instead of the more traditional
format of the full cohort attending class 3 times a week.
Examinations focused more on application and higher-
order cognitive abilities compared with the traditional
lecture format used in previous years. Although examina-
tion performance did not change, there was an increase in
higher-order questions, suggesting that it was successful
in developing higher-order thinking and self-directed
learning. Limitations of this format include inefficiency:
each session was repeated 3 times a week for each subset
of the cohort, and the format did not promote some of the
desired skills, such as teamwork or communication. The
recitation format also is limited with respect to ensuring
individual accountability for preclass preparation.

This manuscript describes the initial results of transi-
tioning a large-enrollment pharmacokinetics course to
a TBL format. Goals of this transition were to provide
opportunities to develop skills beyond that of content
knowledge and to provide an educational setting to facili-
tate amore natural physiologic path of learning not accom-
plished through a traditional, linear instructional model.

DESIGN
Pharmacokinetics instruction in the doctor of phar-

macy (PharmD) program at the School of Pharmacy at
The University of North Carolina at Chapel Hill consists
of a 2-semester sequence beginning in the fall of the
second year. The foundational pharmacokinetics course
is a 3-credit course that is offered in the fall semester.
Students from 2 sites, Chapel Hill and Elizabeth City,
participated in the course, and all classes were video-
teleconferenced synchronously.

In 2010, the 154 students enrolled in the course (143
at Chapel Hill and 11 at Elizabeth City) were randomly
divided into groups of 6 by campus but balanced for gen-
der. One faculty member served as the leader/facilitator

for both campuses originating from the Chapel Hill cam-
pus. There were 5 TBL modules within the course: phar-
macodynamics, single-dose pharmacokinetics, infusion
and multiple-dose pharmacokinetics, violations of the
1-compartment model (ie, nonlinear behavior, multiple-
compartment behavior), and physiologic concepts in
pharmacokinetics (ie, renal and hepatic clearance). Each
TBLmodule consisted of 3 phases: pre-class preparation,
readiness-assurance testing, and application of concepts
to patient cases.

The first phase occurred prior to the TBL session and
was completed by students individually. The second and
third phases occurred during the class session and in-
volved individuals, teams, and the entire class. A fourth
component of student reflection occurred before each ex-
amination and was completed by individual students.8 A
group project also was incorporated, consisting of 6 clin-
ically focused cases, the purpose of which was for stu-
dents to review major concepts within the course prior to
the final examination. Cases were reviewed the week
prior to the final examination.

Prior to each TBL session, students were given de-
fined objectives for the assigned study materials, which
included an e-book and an interactive, online-learning
object, both designed by the instructor.8 Problem sets,
practice quizzes, and old examinations were made avail-
able to students but were designated for self-assessment
purposes only.

The class was scheduled for two 1.5-hour sessions.
For the second phase of TBL, the first 30 minutes of the
1.5-hour session were devoted to assessing students’
preparation. Students first took an individual readiness-
assurance test (iRAT) consisting of 10 to 15multiple-choice
items based on content from the preclass assignments.
Students then completed the same assessmentwithin their
teams, ie, a group readiness-assurance test (gRAT). After
the iRAT and gRAT were completed, the facilitator
reviewed the answers with the class and clarified any
concepts that students did not understand relating to the
quiz and the precourse assignments. The first day of class
within the semester, students negotiated with their in-
structor howmuch the iRAT and gRATwould contribute
to their total quiz grade. Boundaries for this negotiation
were that the iRAT could contribute a maximum of 60%
and a minimum of 40% to the final quiz score and that the
gRAT would constitute the remaining percentage. An
additional stipulation was that individual students were
required to achieve at least a 60% on the iRAT score in
order to receive the full credit of team scores. Total quiz
points from the 5 quizzeswere equivalent to 1 examination.
Ondayswhen the readiness assuranceprocesswasnot used,
the class session was considered a voluntary help session.
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The third phase occurred during the second 1.5-hour
session. Patient cases with 3 to 6 corresponding questions
were used for students to practice applying the founda-
tional concepts. Case questions used real medications to
reinforce foundational concepts and calculations. Each
question was written in multiple-choice format with 3 to
5 plausible options to provoke discussion among the team
members.The faculty facilitator began by reviewing 1
case and its related question with the entire class. Then,
each team considered the options and the available infor-
mation and selected the best answer.All the teamsworked
on the same question during the 5 to 15 minutes allotted
for team discussion. Teams used the precourse study ma-
terials, laptops, and any other references they chose to
bring to class to assist them in the selection and defense
of their response.

Each team was assigned a flag, which was placed on
their desk prior to the group deliberations. Raising the
team flag indicated to the facilitator that the team had
finished deliberating and was ready to discuss the case.
When all the flags had been raised, the faculty facilitator
asked the teams to simultaneously post their respective
answer cards. At that point, facilitated discussion among
the groups occurred. The facilitator devoted 5 to 10 min-
utes for the class discussion of each question within the
case. The entire processwas repeated throughout the class
period until all case questions were completed. Approxi-
mately 2 cases could be discussed during the allotted
90 minutes of class time.

At the end of the course, students were required to
complete a peer assessment of each team member’s con-
tribution using a published instrument.9 Peers rated team
members on preparation, participation, leadership, atti-
tude, confidence, and professionalism during the TBL
sessions. The students also performed an interim peer-
assessment to familiarize themselves with the process
and provide formative feedback to individuals.10

Student learning was assessed using a midterm and
final examination, which consisted of multiple-choice
questions presented in an answer-until-correct format us-
ing immediate feedback forms.11 This examination for-
mat had been used for the previous 5 years within the
course. Questionswere constructed to assess student level
of learning according to Bloom’s Taxonomy, consistent
with the stated learning objectives for the course. The
levels of learning were separated into 2 categories to fa-
cilitate classification of questions and were consistent
with curriculum mapping efforts: level 1 5 application
and analysis; level 25 creation and evaluation.Thismethod
differs from that in previous years when knowledge/
comprehension level questions were on the examination
rather than on quizzes.

The impact of the TBL format was assessed in sev-
eral ways. The first method was to compare examination
performance, end-of-semester course evaluations, and
student attitudes1 with those of students who completed
the course the previous year. In the previous year’s for-
mat, class met once a week for 75 minutes in smaller
groups of 40 to 50 students and a recitation-style approach
to learning was used. Class time for the course was used
for discussion, problem solving, case studies, and other
types of active-learning activities. Although in previous
years students were asked to prepare for class either through
reading the e-book or completing the online, interactive
learningobject, therewasnoassessmentof their preparation.

The second method of assessment was to examine
the impact of course-format changes on the subsequent
clinical pharmacokinetics course. The rationale was that
an increase in clinical application training within the
foundational course could impact subsequent learning,
which might reveal itself in the clinical pharmacokinetics
course. The format of the clinical pharmacokinetics
course has been explained elsewhere.11

The third method of assessing the impact of the
course format was to use previously published survey in-
struments to measure team learning attitudes12 and pro-
fessionalism.13 Both instruments were completed before
the course and after the course to examine changes over
time. The university’s institutional review board classi-
fied this study as exempt from review.

EVALUATION AND ASSESSMENT
Admissions data over the study period were constant

in grade-point average (3.5 / 4.0), Pharmacy College Ad-
missions Test (PCAT) scores (top 85%), and number of
students with previous degrees (68% to 73%). A retro-
spective comparison of examination scores was made be-
tween the prior year when the recitation-style format was
used and the current TBL year. This was accomplished
using a 2-wayANOVA, for course format (smaller group,
recitation-style vs TBL) and level of learning (application/
analysis vs evaluation/creation), with a Tukey’s post-hoc
comparison. The criterion for significance was set at
p , 0.05. There was a class format-by-level difference
(Table 1). In the smaller-group format, there were signifi-
cantly lower scores at the level of synthesis/evaluation
compared with application/analysis; however, the differ-
ence between the 2 levels of learning was not significant
in the TBL year. A paired t test was used to compare quiz
scores from the individual and team quizzes from the
readiness-assessment process (Figure 1). There was sig-
nificant improvement in the team scores for each module.
The iRAT scores averaged over 80% for any givenmodule
(median83%, average86%, range82%-94%),whereas the
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gRAT scores averaged over 95% for any given module
(median 97%, mean 97%, range 96%-98%)

During the TBL year, professionalism was assessed
using a survey instrument. Data were analyzed using
a paired t test based on a pre- and post-course for individ-
ual items on the survey tool in the categories of excel-
lence, respect, altruism, duty, accountability, and honesty
(Table 2). Aggregate scores for each of the categories are
also listed in Table 2. These scores were calculated by
summing the individual items in each category. Therewas
a significant increase in overall professionalism score and
the mean scores on the subscales for altruism, duty, and
honesty. Although there was no mean change in the ac-
countability subscale, there was a significant improve-
ment in students’ feelings toward accepting constructive
criticism.

Data were analyzed using a paired t test based on
a pre- and post-course survey instrument for mean scores
and individual items on the survey tool in the categories of
overall satisfaction with team experience, team impact on
quality of learning, satisfaction with peer evaluation,
team impact on clinical reasoning ability, and profes-
sional development (Table 3). Aggregate scores were

calculated by averaging the means for the individual
items in each category. There were no significant changes
in attitudes in any category, although overall satisfaction
with team experience was nearly significant ( p5 0.056).
Within overall satisfaction with the team experience,
there were significant improvements in feelings toward
working as part of team being a valuable experience, team
members working well together, and mutual respect
among teammembers. In the subscale of satisfactionwith
peer evaluation, there were significant improvements in
students’ attitudes regarding the role of peer evaluation in
motivating students to work harder and more collabora-
tively. Finally, there was a significant improvement in the
attitude that teams make good decisions within the team
impact-on-clinical-reasoning subscale.

End-of-semester attitudinal survey instruments were
used to collect information on student perceptions of the
course and the learning experience. Mean responses were
compared between the TBL year and smaller-group year
using a t test with 1 indicating strong disagreement, 3
indicating neutral, and 5 indicating strong agreement.
During the TBL year, 74% of students favored the e-book
as a resource for class preparation compared with12%
who favored the online learning object; the remaining
14% of students indicated no preference. The mean score
during the TBL year was not significantly different from
the smaller-group year, duringwhich 62%preferred the e-
book, 19% preferred the Web-based material, and 19%
were neutral.

Approximately 81% of the students in the TBL for-
mat felt it was necessary to attend class to understand the
material, 12% disagreed, and 7% were neutral. The mean
scorewas significantly higher comparedwith the smaller-
group format, in which 37% of students felt coming to
class was necessary, 30% disagreed, and 33% were neu-
tral (p, 0.001). Twenty-eight percent of students agreed
that they missed out on instructor contact because of the
TBL format, 54% disagreed, and 18% were neutral. The
mean score was significantly larger than that of the pre-
vious year when 20% agreed, 66% disagreed, and 14%
were neutral (p 5 0.013), suggesting that students in the
TBL year felt they missed out on instructor contact time
more than with the previous format. When asked if they
felt they missed out on learning, 26% agreed, 55% dis-
agreed, and 18%were neutral. Themean score was signifi-
cantly higher than in the previous year when 17% agreed,
67%disagreed, and16%wereneutral (p50.005), suggest-
ing that students in the TBL year felt that they missed
out on some learning compared with that of the previous
format. Forty-eight percent of students agreed that theTBL
format was better than a traditional lecture, 35%were neu-
tral, and18%disagreed.These responseswerenot different

Table 1. Comparison of Examination Scores Between the
Team-Based Learning Year and the Previous Year’s Small-
Group Format

N Mean (SD)

Small Group Level 1a 54 4.3 (0.6)
Level 2b 9 3.2 (0.8)c

TBL Level 1a 42 4.5 (0.4)
Level 2b 7 4.4 (0.5)d

a Level 1 indicates questions at the application/analysis level.
b Level 2 indicates questions at the synthesis/evaluation level.
c p , 0 .001 vs level 1 within the same year.
d p , 0.001 vs same level between years.

Figure 1. Comparison of individual and team quizzes from the
readiness-assessment process. Data presented as mean and
standard deviations. Abbreviations: iRAT 5 individual quiz;
gRAT 5 team quiz. * p , 0.001.
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from those from theyear of the smaller-group format,when
70% agreed, 21% were neutral, and 9% disagreed.

Approximately45%of students felt theydidnot spend
anymore or less time preparing for this class than for other
classes, although 30% felt they spent more time preparing
for this particular course. These responses were not differ-
ent from those of the previous year, when 41% of students
felt theydidnot spendmore or less time comparedwith that
for other classes while 40% felt they spent more time.

End-of-semester course evaluations were used to
compare information on student perceptions of the course
and the learning experience. Students’ responses were
compared between the TBL year and smaller group year
using a t test. When examining end-of-semester course

evaluations between the TBL year and the previous year,
there were significant improvements in feelings that course
content was related to course objectives, active student en-
gagement was encouraged, assessments were aligned with
course objectives, and students were able to get individual
assistance when needed (Table 4).

As learning goes beyond content knowledge, oppor-
tunities for development of other relevant skills were
compared between the TBL format, other courses within
the current year, and the previous version of the course
(Table 5). Students checked all skills that applied within
the end-of-year course evaluations, and the proportion
of responses was compared. Students felt that the TBL
format provided more opportunities for the development

Table 2. Changes in Attitudes Toward Various Aspects of Professionalisma

Pre-course,
n = 137

Mean (SD)

Post-course,
n = 113

Mean (SD)

Mean Change
From Pre- to
Post-course P

Excellence 22.2 (2.1) 22.4 (2.0) 0.3 0.20
I want to exceed the expectation of others. 4.5 (0.6) 4.5 (0.6) 0 0.71
It is important to produce quality work. 4.7 (0.5) 4.7 (0.5) 0.1 0.36
I complete my assignments independently

and without supervision.
4.4 (0.5) 4.4 (0.6) 0.1 0.24

I follow through with my responsibilities. 4.5 (0.5) 4.6 (0.5) 0.1 0.16
I am committed to helping others. 4.2 (0.7) 4.3 (0.6) 0.1 0.23

Respect 16.7 (1.9) 17.0 (1.9) 0.3 0.21
I address others using appropriate names and titles. 4.3 (0.7) 4.4 (0.7) 0.1 0.21
I am diplomatic when expressing ideas and opinions. 4.1 (0.7) 4.1 (0.7) 0.1 0.46
I accept decisions of those in authority. 3.9 (0.7) 4.0 (0.7) 0 0.56
I am respectful to individuals who have different

backgrounds than mine.
4.5 (0.5) 4.6 (0.5) 0.1 0.12

Altruism 12.3 (1.6) 12.9 (1.7) 0.6 0.001
I do not expect anything in return when I help someone. 3.8 (0.9) 3.9 (0.8) 0.2 0.060
I would report a medication error even if no one else

was aware of the mistake.
4.4 (0.6) 4.5 (0.7) 0.1 0.16

I treat all patients with the same respect, regardless
of perceived social standing or ability to pay.

4.4 (0.8) 4.5 (0.7) 0.1 0.37

Duty 8.8 (1.1) 8.8 (1.4) 0.1 0.62
I attend class/clerkship/work daily. 4.7 (0.7) 4.7 (0.7) 0 1.0
If I realize that I will be late, I contact the appropriate

individual at the earliest possible time to inform them.
4.1 (0.8) 4.3 (0.7) 0.2 0.002

Accountability 8.4 (1.1) 8.7 (0.9) 0.3 0.026
If I do not follow through with my responsibilities,

I readily accept the consequences.
4.3 (0.7) 4.4 (0.5) 0.1 0.47

I am able to accept constructive criticism. 4.2 (0.6) 4.3 (0.6) 0.1 0.027
Honesty 8.5 (1.2) 8.7 (1.1) 0.3 0.031

I would take a job where I felt I was needed and could
make a difference even if it paid less than other positions.

3.9 (0.8) 4.1 (0.7) 0.2 0.070

It is wrong to cheat to achieve higher rewards
(ie, grades, money).

4.7 (0.7) 4.7 (0.6) 0.1 0.50

Total 75.7 (11.1) 78.5 (6.1) 2.8 0.001
a Individual items are on a scale of 1 through 5 with 1 being strongly disagree and 5 being strongly agree.
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of verbal communication skills than did lecture-based
courses and the previous year’s course but that the phar-
maceutical care laboratory provided more opportunities
than did the TBL course. The TBL format provided more
opportunities for developingwriting skills andworking as
part of a team compared with the small-group format,

other courses, and pharmaceutical care laboratory. The
former course format and other didactic courses within
the year provided fewer opportunities to develop skills to
work with diverse populations The current course format
provided more opportunities to develop the ability to
tackle problems than did other courses within the year

Table 3. Changes in Attitudes Toward Various Aspects of Team LearningaAU4

Pre-course
n = 137

Mean (SD)

Post-course
n = 113

Mean (SD)

Mean Change
From Pre- to
Post-course P

Overall Satisfaction with Team Experience 19.7 (3.1) 20.4 (4.1) 0.8 0.056
I have found working as part of a team in my classes to

be a valuable experience.
4.0 (0.7) 4.2 (0.7) 0.2 0.032

In most of the teams I have been on, the other team
members have generally contributed as much as I have.

3.9 (0.8) 3.9 (0.9) 0.1 0.32

In most teams I have been on, the team has worked
well together.

4.0 (0.9) 4.2 (0.5) 0.2 0.003

In most of the teams I have been on, I felt the other team
members respected me.

4.2 (0.6) 4.3 (0.5) 0.2 0.006

I have found teamwork to be a productive use of
course time.

3.9 (0.8) 4.0 (0.9) 0.1 0.155

Team Impact on Quality of Learning 10.8 (2.7) 10.8 (2.6) 0 0.95
I have found that teams help me learn course material

more than if I just studied alone.
3.7 (1.0) 3.7 (1.0) 0 0.76

I have learned more in courses where I have been a
member of a team.

3.5 (0.9) 3.4 (0.9) -0.1 0.44

I have found being part of a team improved
my course grades.

3.7 (0.9) 3.7 (0.9) 0.1 0.59

Satisfaction with Peer Evaluation 14.9 (2.8) 15.3 (2.8) 0.5 0.17
I have found that my peers have been fair in judging

my contributions to a team.
4.0 (0.6) 4.1 (0.8) 0.1 0.59

I have found that peer evaluation motivated me to
work harder.

3.7 (0.8) 3.8 (0.8) 0.2 0.028

I have generally liked the use of peer evaluation as
part of my team experience.

3.6 (0.9) 3.6 (0.9) 0.1 0.63

I have found that peer evaluation motivated me to work
more collaboratively.

3.7 (0.8) 3.9 (0.7) 0.2 0.007

Team Impact on Clinical Reasoning Ability 11.6 (2.0) 11.8 (2.1) 0.1 0.66
I have found that being on a team has helped me

become better at problem-solving.
3.8 (0.8) 3.8 (0.9) 0 0.77

I have found that teams make good decisions. 3.9 (0.7) 4.1 (0.7) 0.3 0.003
Being part of a team discussion has improved my ability

to think through a problem.
4.1 (0.7) 4.0 (0.8) -0.1 0.21

Professional Development 15.9 (2.4) 16.0 (2.6) 0.1 0.83
I have found that working with a team helps me

develop skills in working with others.
4.3 (0.6) 4.3 (0.6) 0 0.78

I have found that working with a team has helped
me develop cooperative leadership skills.

4.1 (0.6) 4.2 (0.6) 0.1 0.41

I have found that working with a team has helped
me develop more respect for the opinions of others.

4.1 (0.6) 4.1 (0.7) 0 0.81

I have found that working with a team enhanced
my sense of who I am.

3.5 (0.9) 3.6 (1.0) 0.1 0.35

a Individual items are on a scale of 1 through 5 with 1 being strongly disagree and 5 being strongly agree.
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and pharmaceutical care laboratory but not when com-
pared with the previous year’s course. There were no
differences between course formats with respect to stu-
dents’ ability to plan and manage their own work.

One purpose of using the smaller group format in prior
years and the TBL format during the current year was to
help with clinical applicability of material. By increasing
the clinical applicability, there would be an increase in the

Table 4. Comparison of End-of-the-Semester Course Evaluations for the Team-Based Learning Format and the Previous Year’s
Smaller-Group Format

Team-Based
Learning, n = 107

Mean (SD)a

Small Group,
n = 91

Mean (SD)a P

Course content was clearly related to the stated learning outcomes,
goals and objectives.

3.9 (0.3) 3.6 (0.5) 0.001

I understood what was required of me to be successful in this course. 3.6 (0.5) 3.6 (0.5) 0.95
The relevance and applicability of knowledge or skills developed in

this course to future learning and practice was clearly communicated.
3.6 (0.5) 3.6 (0.6) 0.76

The organization and progression of topics in the course promoted
understanding and application of key concepts.

3.5 (0.6) 3.6 (0.5) 0.11

Teaching and learning methods in this course promoted understanding
and application of key concepts.

3.4 (0.7) 3.4 (0.7) 0.85

Learning materials and resources for this course were helpful. 3.6 (0.5) 3.7 (0.5) 0.36
Active student engagement in class was consistently encouraged

by instructors in this course.
3.8 (0.4) 3.5 (0.6) 0.001

I had to prepare for class in order to be successful. 3.6 (0.5) 3.5 (0.7) 0.240
I was able to get individual assistance in this course when I sought it. 3.7 (0.5) 3.5 (0.7) 0.007
Tests and other assessments appropriately reflected defined learning

objectives and content emphasized by the instructor(s).
3.6 (0.5) 3.5 (0.7) 0.022

The feedback I received regarding my performance on tests and
other assessments was constructive and helpful.

3.5 (0.5) 3.4 (0.5) 0.20

I believe that the knowledge and skills developed in this course will
be relevant for me in the future.

3.6 (0.5) 3.5 (0.6) 0.45

I am confident in my ability to apply knowledge and skills developed
in this course.

3.2 (0.6) 3.3 (0.6) 0.074

What is your overall rating of this course? 3.5 (0.6) 3.5 (0.7) 0.84
a Individual items were rated on a scale of 1 to 4 on which 1 5 strongly disagree and 4 5 strongly agree.

Table 5. Comparison of Course Formats on Providing Opportunities to Develop Various Skills

Question

Team-Based
Learning 2010,
% (n = 107)

Small-Group
2009, %
(n = 91)

All Laboratory
Courses 2010, %

(n = 491)

All other
Courses 2010, %a

(n = 1105)

This course provided opportunities for me to
develop: (check all that apply)

verbal communication skills 80.4 25.3b 95.0 b 27.0b

writing skills 70.1 54.9d 55.8 c 39.0b

my ability to plan and manage my own learning
and professional development

80.4 85.7 84.5 73.0

my ability to tackle and resolve unfamiliar
problems

94.4 86.8 74.5b 79.0c

my ability to work as part of a team 97.2 36.3b 90.7d 35.8b

my understanding of and ability to work
effectively with culturally diverse individuals

49.5 20.9b 57.8 21.6b

a Does not include courses in the professional experience program.
b p , 0.001 vs team-based learning.
c p , 0.01 vs team-based learning.
d p , 0.05 vs team-based learning.
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level ofmeaningfulness to the student, leading to increases
in long-term retention. The impact of these formats on
transfer (ie, performance in the subsequent, clinical phar-
macokinetics course) was investigated using examination
grades as the primary metric. The effect size for lecture,
the smaller-group format, and the current TBL format
that was used in the foundational course can be found in
Table 6. The effect size of the smaller-group format was
small (d5 0.13)when compared towhen lecturewas used
in the foundational course. The effect size of the TBL
format was moderately large (d 5 0.73) when compared
with that of the lecture format, indicating that the TBL
format had some effect on performance in the later, clin-
ically applied pharmacokinetics courses. An alternative
analysis was conducted using regression and taking into
account baseline performance within the foundational
course. Using this approach, the small-group standardized
coefficient was 0.20 and the TBL standardized coefficient
was 0.39, suggesting that the TBL format had a greater
impact on examination performance in the clinical phar-
macokinetics course than in the smaller-group or lecture
format.

DISCUSSION
The ability to develop both factual knowledge and

higher-order skills that will assist students in the work-
force are 2 important aspects to balance within a curricu-
lum and individual courses. Large enrollment courses
often dissuade instructors from addressing the higher-
order skills and focus more on the transmission of factual
information; however, use of smaller, recitation-type ses-
sions within a large enrollment pharmacokinetics course
can be used to enhance the focus on higher-order skills.1

This article reports on using a TBL format to elicit a sim-
ilar effect.

According to the examination performance, the TBL
format resulted in learning that was similar to that in a
smaller-group format. The 1 advantage of TBL over the
smaller-group format is efficiency. TBLcan use the entire
class at 1 time compared with the smaller-group format,
which requiresmultiple sections, often taught by the same
instructor. Although there is some evidence that TBL re-
sulted in students performing better on examination ques-
tions focused at higher levels of learning (eg, synthesis and

evaluation), it is difficult to draw firm conclusions from the
data based on the relatively small sample sizes for these
types of questions. However, students had comparable per-
formance on application/analysis type questions. Some
students noted in course evaluations that smaller group
recitationsmay have been helpfulwhen dealingwithmath-
ematical problems.Overall, the performance enhancement
is consistent with that in a study byKoles and colleagues14

who found that students involved in TBL demonstrated
a greater extent of content mastery than did other instruc-
tional approaches. Within the preparatory quizzes, the in-
dividual quiz score averaged above 80%, indicating that
students were able to read and acquire foundational infor-
mation on their own.

One goal of a change in instructional strategy is to
better prepare students for future learning. This prospective
view was investigated by auditing examination scores
on the subsequent clinical pharmacokinetics course. This
study found a moderate effect size of the TBL format on
subsequent performance, which is comparable to the effect
size in knowledge acquisition with other instructional in-
terventions, such as self-directed learning (range -1.6 to
3.8, average 0.45),15 providing feedback (range 0.14 to
1.10, average 0.79)16 and reciprocal teaching (eg, collab-
orative or cooperative learning) (range 0.86 to 0.88, me-
dian 0.88).17These findings seem logical, as the framework
of TBL incorporates self-directed learning, feedback, and
cooperative learning. Further work would be needed to
examine the consistency of the effect year to year and the
duration of the effect (ie, whether the effect impacted per-
formance on experiential training).

The National Association of Colleges and Em-
ployers found that skills such as analytical thinking, team-
work, work ethic, and communication are important
for the job market. Course evaluations found that the
TBL format provided more opportunities for teamwork
compared with the small-group format and other large-
enrollment courses during the semester and the pharma-
ceutical care laboratory. Similar results were found for
writing skills, although the pharmaceutical care labora-
tory was the only course format that provided more op-
portunities for verbal communication skills. However,
TBL did provide more writing opportunities than did
the small-group format used in previous years of the

Table 6. Impact of Foundational Course Format on Examinations Scores in the Clinical Course

Foundational
Course Format

Clinical Course
Format

Clinical Course Examination
Scores, % (SD)

Effect
Size

Lecture Case-based (n 5 144) 86.6 (6.3) —
Smaller group Case-based (n 5 435) 87.4 (5.9) 0.13
Team-based learning Case-based (n 5 151) 90.7 (5.0) 0.73
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course and other large-enrollment courses that are more
lecture-based. There is evidence that students reported
working harder based on the motivational effects of peer
evaluation.

With the TBL format, measures of student profes-
sionalism significantly improved over the course of the
semester, consistent with the findings of Beatty and col-
leagues.18 In this and the aforementioned studies, initial
scores indicated that students perceived teamwork and
professionalism skills as strong prior to the introduction
of TBL. In both situations, significant educational change
may not have occurred because of high initial scores.
While there was statistical change, attributing these
changes to a single course within a curriculum is prob-
lematic and the results should be interpreted with caution.

When using the TBL format,medical students showed
significant improvements in attitudes toward satisfaction
with peer evaluation and professional development from
their first to their second year. This study did not find
any significant changes over the semester. These differ-
ences may be attributable to the time scale (ie, 1 year vs
1 semester) or the amount ofTBL in themedical curriculum
vs the 1 course during the semester, as in the current study.
Regardless, even though the major categories did not show
changes, some of the individual questions showed signifi-
cant changes.

There were other attitudinal differences between the
TBL format and the smaller-group format used the prior
year. Most notably, students in the TBL felt they missed
out on learning to a greater extent compared with the
smaller-group format cohort. This may be related to the
perception of learning. Abrantes and colleagues19 found
that factors of course organization, student-instructor
interaction, instructor responsiveness, and instructor like-
ability all positively impact perceived learning. Accord-
ing to the course evaluations, there was no difference in
attitudes toward course organization or the instructor’s
approachability between the current and previous year’s
courses. There was an improvement in attitudes in that
students could get more individual assistance in the TBL
format. Students felt they missed out less on instructor
interaction during the smaller-group format than during
the TBL year. Given that student-instructor interaction
plays a smaller relative role in the perception of learning
than does instructor responsiveness,19 it is surprising that
students felt they missed out on learning. This lower ex-
tent of perceived learning may better relate to the intel-
lectual development of students and the role peers play in
the learning process.According to constructs byPerry and
Baxter Magolda, students on one side of the continuum
favor instructors as the experts, while on the other side of
the continuum, they accept peers as experts in their own

right.20,21 Given that TBL relies heavily on peer-instruc-
tion, some individuals may feel they are not getting ade-
quate learning experiences.

As this was the inaugural year for this format, some
changes were made during the semester. Teams were ini-
tially given a single copy of cases. During the course of
the semester, students asked for additional copies. There
was a perception by the instructor that this accommoda-
tion negatively impacted the team discussion because stu-
dents started to work more individually or in pairs rather
than as part of their 6-member team. During the next
iteration, a single copy will be provided. This sharing of
resources is an important part of the team process, as it
increases the proximity of teammembers and forcesmore
interaction.22 For the first 3 modules, calculations were
included in the patient cases. Student feedback mid-
semester suggested there was large variability in the time
allowed to complete the calculations within the group,
which led to some level of frustration. During the day
on which the readiness assurance process was complete,
students requested that they be provided with a calcula-
tions overview and that the cases be more conceptual in
nature. These changes were implemented during the se-
mester and will be used during the next iteration.

The limitation to this report is that not all aspects of
the course assessment, such as professionalism, could be
compared with those of other courses or previous formats
of the course. Also, the survey tools used may not be
sensitive to changes that occur over 1 semester, and al-
though the results of the survey instruments may be influ-
enced by a single course, they may better reflect input
from multiple courses. Examination questions were used
as one metric of impact. The smaller number of questions
at the synthesis/evaluation level and potential differences
in item difficulty are limitations related to grades.

CONCLUSIONS
This study demonstrated that amathematically based

discipline, such as pharmacokinetics, in a large-enrollment
course with multiple campuses synchronously video-
teleconferenced, can be adapted to the TBL format. Stu-
dents can successfully acquire course content outside of
class and be held accountable for that acquisition through
the readiness-assurance process. Class time could then be
used to help develop the conceptual and calculation as-
pects of the discipline. In some cases, the breadth and
depth of learning or skills were enhanced in that the for-
mat allowed for more examples or discussion of clinical
application. Student performance on examinations indi-
cates some improvement in scores, despite examinations
being focused on higher orders of learning (eg, applica-
tion, analysis, etc). Additionally, there is some indication
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that performance in latter coursework related to pharma-
cokinetics is enhanced. Finally, therewas also evidence of
an increase in favorable attitudes in areas of profession-
alism and teamwork. Further work is required to refine in-
class cases and development of other, non-content skills
such as problem solving.
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