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Abstract

Background: This systematic review aimed to summarise an application of team-based
learning (TBL) in pharmacokinetics courses, to compare the learning outcomes of TBL to that
of traditional lecture-based courses, and to identify the benefits of using a TBL strategy in
pharmacokinetics courses. Method: PubMed, Scopus, and ERIC EBSCO databases were
systematically searched, and 191 non-redundant articles were retrieved. Of these, seven
articles were included. Results: Implementation of a TBL in pharmacokinetic courses
resulted in several positive results including higher examination grades, improvement in
professionalism aspects such as altruism, accountability, and honesty. Student engagement,
peer learning, and the development of transferable skills could also be observed. Despite
these positive benefits, some challenges exist, such as an increase in initial workload for
faculty members, preparation of appropriate assignments, and suitable strategy to facilitate
students. Conclusion: Future TBL implementation should be critically designed to optimise
faculties” workload and students’ engagement to the course.

Introduction

Team-based learning (TBL) has been used widely in the
business sector since the 1970s, and lately, has been
spread into health sciences education. TBL has been
proven to develop learning outcomes in colleges and
schools of pharmacy including other health professions
(Searle et al., 2003; Koles et al., 2005; Thompson et al.,
2007; Clark et al., 2008; Parmelee et al., 2009; Koles et al.,
2010; Bahramifarid et al., 2012; Farland et al., 2013; Fatmi
et al., 2013; Ofstad & Brunner, 2013; Cheng et al., 2014).
TBL is a form of cooperative learning that allows learners
to develop higher levels of learning according to Bloom’s
taxonomy. For a successful implementation of TBL, seven
core elements should be incorporated including team
formation, readiness assurance process (RAP), immediate
feedback, sequencing of in-class problem solving, the four
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'S' structure in developing team application exercises,
incentive structure, and peer evaluation (Haidet et al.,
2012).

As for team formation, groups of four to seven students
with heterogeneous team composition is suggested to
encourage greater participation and better exposure of
participating students with peers (Farland et al., 2013).
RAP is the process used for ensuring students’
understanding of fundamental concepts, definitions, and
foundational knowledge which are necessary for problem-
solving. The purpose of RAP is to prepare students for
upcoming activities. Immediate feedback helps students
learn to quickly correct their misunderstanding of the
content and move forward with a correct and strong
foundation. In-class problem solving, and the four 'S'
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structures are components that relate to team application
exercises. The purpose of the exercises is to build the basic
level of understanding gained through the RAP and to
provide opportunities for higher-order thinking including
the development of soft skills such as teamwork and
communication. Fundamentally, the exercises are built
based on the four 'S' structure consisting of significant
problem, same problem, specific answer choice, and
simultaneous reporting. The incentive structure, another
critical component, influences learner motivation,
satisfaction, emotional intelligence including academic
performance (Chung et al., 2009; Vasan et al., 2009;
Deardorff et al., 2010; Koles et al., 2010; Borges et al.,
2012; Haidet et al, 2012). Peer evaluation, the last
element, helps students to develop professional skills and
attitudes for being pharmacist practitioners in the future
(Farland et al., 2013).

In pharmacy education courses are divided into modules
and when applying TBL in a module, three phases should
be executed i.e., pre-class preparation, RAP, and
application of key concepts. Usually, the first phase occurs
before the TBL session and is completed by students
individually whereas the second and third phases happen
during the class, and involve individuals, teams, and the
entire class (Persky, 2012). TBL requires students to be
familiar with the fundamental knowledge necessary for a
particular learning module before coming into class. Thus,
a preparation assignment such as literature articles,
textbooks, handouts, and/or video lectures for each
module should be planned and organised. The RAP phase
is critical for the success of TBL implementation as it
influences students’ motivation. In this phase, students’
performance will be evaluated using two tests: one for
each student to complete at the beginning of each
module, which is called iRAT, and another one for each
team to discuss and choose the best answer, which is
called tRAT. Once both tests are completed, tRATs will be
collected, and the instructor must take a facilitator role to
encourage discussions among the teams, provide
feedback, and focus the class on fundamental and
powerful learning concepts. In TBL literature, this
facilitation is commonly referred to as 'mini-lecture’. The
third phase is the application of key concepts through
exercises. In TBL classrooms the highest level of learning
occurs during these application exercises (Ofstad &
Brunner, 2013). The effective application exercises for
team-based learning are usually built based on the four 'S’
structure. After each application exercise is finished, the
instructor has to provide guidance and feedback as part of
the classroom discussion to ensure students’
understanding of the main concepts before moving
forward to the next exercise. Examples of TBL
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implementation in pharmacy education are described
below.

Letassy and colleagues (2008) reported the use of TBL in
the Pharm.D. (Doctor of Pharmacy) programme to
increase students’ ability in critical thinking and applying
the information to solve patient cases. The use of this
learning and teaching method provided the instructors the
opportunity to shift in-class content delivery such as
lecture to pre-class preparation which allowed more
classroom time to be spent on problem-solving rather
than content receiving. The study also confirmed that the
time spent in the classroom was reduced by approxi-
mately 40% without negatively affecting students’ learning
outcomes. In addition, unit examination grades were
reported to be improved and there was a greater
percentage of students earning a course grade of A
compared to that of the previous year. No students
earned a course grade of D or F. The authors also reported
that team contribution and iRAT scores were significant
predictive indicators for students’ overall course
performance. Conway and colleagues (2010) implemented
TBL in a cardiovascular module for second year pharmacy
students. Though the method was limited to 14.0% of the
course, positive students’ performance indicated by a
course grade was observed. An increase in overall student
and faculty satisfaction towards the use of TBL was also
reported. However, two concerns were raised; The first
concern was the complexity of the subject matter which
made it difficult for students to learn all course materials
independently; The second concern was students’ initial
resistance to self-directed learning since their learning
styles were changing from passive attendance at lectures
to being responsible for their own learning. Zingone and
colleagues (2010) reported that using TBL in two
ambulatory care elective courses resulted in significantly
higher student grades. Findings from these studies suggest
that TBL can be implemented successfully as a small
component of the course, for an entire module, or as a
learning and teaching method for an entire course.

Pharmacokinetics course is mathematically intense.
Traditional pharmacokinetics teaching uses a lecture-
based format and assigned coursework which may create
obstacles to some students due to a lack of engagement,
the crucial component for learning achievement when
they face difficulties in mathematical solving (Persky &
Pollack, 2009). TBL approach is one of the strategies used
to promote students’ engagement in the course (Sharma
et al., 2017) and has been widely used in pharmacy
education. However, not many studies have been
conducted regarding the use of TBL in pharmacokinetics
courses. Thus, there is an exploratory need to expose the
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implementation of TBL in the course including its benefits
and challenges to encourage more use of TBL in
pharmacokinetics courses. This review aims to summarise
the implementation of TBL in pharmacokinetics courses.
The outcomes of TBL implementation, benefits and
challenges of the approach are also discussed.

Methods
Search strategy

Three databases (PubMed, Scopus, and ERIC EBSCO) were
systematically searched from their inception to October
2021. The search terms employed were: (pharmacokinetic
OR ‘clinical pharmacokinetic’) AND (‘team-based learning’
OR TBL OR ‘peer learning’ OR ‘team learning’ OR ‘mutual
learning’) AND (‘learning outcome’ OR knowledge OR skill
OR attribute OR quality OR application). The reference lists
of the identified articles were also reviewed for additional
relevant studies.

Inclusion and exclusion criteria

Studies were eligible to be included in this systematic
review if they were:

1) educational studies employing a TBL approach,
and

2)  studies conducted in pharmacokinetics courses.

While studies with the following characteristics were
excluded from the review:

1) review articles or expert opinions,

2)  studies published in languages other than English,
and

3) studies implementing a TBL in courses other than
pharmacokinetic courses.

Titles and abstracts of the non-redundant articles were
screened independently by both authors. Subsequently,
full-text articles were screened to include studies that met
the inclusion criteria. Disagreements, if any, were
discussed and resolved with consensus. The abstraction
form for data extraction was designed by the first author
and reviewed by the second author. The following
information was independently extracted by both authors

1) objectives of the study, study design, instruments,
and key findings of existing literature,

2) learning outcomes of TBL compared to that of the
traditional lecture-based class, and
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3) benefits and challenges of TBL implementation in
pharmacokinetics course.

Results

Study identification and characteristics

Based on the systematic literature search 190 and 10
articles were retrieved from Scopus and PubMed
databases, respectively. No study was identified from
either ERIC EBSCO database or the reference lists. Nine
duplicated articles were removed. Following the title and
abstract screening, 134 studies were excluded since 79
articles were not relevant to the educational field and 55
studies were neither conducted with the TBL approach
nor in the pharmacokinetic courses. This left 57 articles for
the full-text screen, and 36 studies with the TBL approach
were excluded as they were not conducted in
pharmacokinetic courses. Moreover, seven studies
conducted in a pharmacokinetic course, but TBL was not
implemented were also excluded. The other seven studies
were either book chapters or reviews, and thus they were
also excluded. A total of seven studies met the pre-
specified criteria and were included in this systematic
review. The included studies were published between
2010 and 2017. Details of study identification and reasons
for study exclusion are presented in the PRISMA flow
diagram (Figure 1).

Characteristics of the included studies and their main
objectives

The number of TBL courses and the number of students in
the courses ranged from one to two courses and 159-364
students per course, respectively. Students were divided
into small groups of five to seven participants. However,
four studies did not provide information on the number of
students in each group (Persky & Dupuis, 2014; Persky et
al., 2015; Persky, 2015; Franklin et al., 2016). A summary
of study characteristics (i.e. the number of TBL courses
and students, materials for pre-class preparation, and
activities in the TBL session) is summarised in Table I.

In terms of studies’ objectives, three studies (Zingone et
al., 2010; Persky, 2012; Persky & Dupuis, 2014) aimed to
assess the impact of TBL implementation on students’
performance in pharmacokinetic courses. Moreover,
Persky (2012) also assessed students’ professionalism
scores and attitudes towards the TBL approach. Each of
the rest aimed to determine factors influencing
interindividual variability in learning rate within a TBL
environment (Persky et al.,, 2015), assess students’
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Figure 1: A PRISMA diagram of the study identification

preference on reading materials against multimedia
materials used for a pre-class preparation in a TBL-format
pharmacokinetic course (Persky, 2015), compare the
effectiveness of two TBL approaches, face-to-face and
online, that were employed to teach phenytoin
pharmacokinetics (Franklin et al., 2016), and determine
factors within the pre-class reading material that
contribute to self-reported study time.

Outcomes of the included studies

For the impact of TBL implementation on students’
performance, the results from Persky (2012) and Zgheib
and colleagues (2010) were in agreement that group
performance was better than individual performance.
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Moreover, Zgheib and colleagues (2010) compared class
performance on the summative quizzes to the previous
year, and found that the mean score in the quizzes for the
year that TBL was implemented was higher than the
previous years, where the traditional lecture-based
approach was used.

In terms of students’ satisfaction and attitudes towards
the TBL approach, it was reported that students’
satisfaction was considerably high to a very high degree
based on the mean score of five item Likert-like scale from
eight questions (Zgheib et al., 2010). However, Persky
(2012) assessed students’ attitudes towards team learning
based on five aspects including overall satisfaction with
team experience, team impact on quality of learning,
satisfaction with peer evaluation, team impact on clinical
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Table I: A summary of study characteristics

A review of using team-based learning in a pharmacokinetics course

No. Reference No.of TBL  No. of Students
Courses
1 Zgheibet 2 1.Drug Metabolism
al., 2010 and

Pharmacogenetics
course: N =81
2.Pharmacokinetics/
Pharmacodynamics
course: N =78

2 Persky, 1 1. Pharmacokinetics
2012 Course (run

separately on two
campuses):
—University Campus
1:N=143
—University Campus
2:N=11

3  Persky& 1 Pharmacokinetics

Dupis, Course:

2014 —Term: Autumn
2010/Spring 2011: N
=154
—Term: Autumn
2011/Spring 2012: N
=151
—Term: Autumn
2012/Spring 2013: N
=159

4  Perskyet 1 Pharmacokinetics
al., 2015 Course: N =159

5  Persky, 1 Pharmacokinetics
2015 Course utilised TBL
for three years: N =
364

Groups of Students Materials for Pre-class
Two didactic PowerPoint
presentations about
drug metabolism and
pharmacogenetics, and
pharmacokinetics/
pharmacodynamics

12 groups of five to
seven students each

26 groups of six
students each interactive, online
learning object, problem
sets, practice quizzes,
and old examinations
designated for self-

assessment purposes

No information A book and a fully

animated module

Activities in TBL Session

—Students read cases and answered questions
individually.

—Students formed their own groups and discussed the
same cases and questions and provided one set of
answers per group.

—Questions were formulated as either true/false or
multiple choice single best answer questions and all
groups of students reported their answers
simultaneously.

—A discussion involving the whole class was
conducted.

—A wrap-up and an evaluation of the TBL session were
performed.

—The facilitator assessed students’ preparation using
iRAT and gRAT.

—The facilitator reviewed the answers with the class
and clarified the misunderstand-ing concept relating to
the test.

—Students negotiated with their instructor about the
contribution of iRAT and gRAT (iRAT <= 60.0%, final
quiz score and gRAT<= 4.0%).

—All groups of students applied foundational concepts
with patient cases through three to six corresponding
questions.

—The facilitator reviewed each case and its related
question with the entire class. Then, all groups of
students considered available information and
selected the best answer.

—The discussion was conducted involving the whole
class.

An instructor-developed For the first two years
e-book and animated

—In the first 14 weeks of the semester, students
prepared before class and were held accountable for
the preparation; class time was used for cases.

—The last one to two weeks were used for capstone
cases and review.

—The assessment was five quizzes, six cases, and two
examinations.

For the last year

—In the first nine weeks of the semester, TBL was used
to cover all materials.

—The last four to five weeks were used for a case
review.

—~The assessment was five quizzes, ten cases, and one
examination.

—Five TBL modules were spread across the first 9
weeks of the course.

—The last seven weeks were used for an integrated
pharmacokinetic case review.

—The assessment was four interim cumulative
assessments and a cumulative final examination.
—Students were given learning objectives for the
instructor-developed study material.

-5 IRATs were used to assess students’ preparation.
—Students were asked to indicate their preferences for
pre-class preparation using a bipolar scale with each
format as anchors.

—Students were asked to comment on why they
preferred one format over another in an open-
response question.

Pharmacy Education 22(1) 63 - 72
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Table I: A summary of study characteristics (continued).

No Reference No.of TBL No. of Students Groups of Materials for Pre- Activities in TBL Session
Courses Students class Preparation
6 Franklinet 1 Pharmacokinetics course  Online Cohort No information  Virtual TBL session
al., 2016 —Online cohort: N=222  —four break-out —Adobe Connect and Sakai LMS were used as a platform for a virtual class. The
—Face-to-face cohorts: N rooms with five main meeting room was created for the large room facilitations and breakout
=70 to seven learners rooms were created for tRAT and patient case team-discussions.
each (N =222) —iRAT and tRAT were created in Test & Quizzes, Sakai quiz tool.
2 Face-to-face —Sign-up and scheduling occurred a minimum of two weeks prior to the online
Cohort session with available dates and time for learning activities.
—six tables with —Learners were asked to participate in a practice session the day before the
five to six first TBL activity to get used to the technology.
learners per —Learners were randomly put in teams and each team was assigned a breakout
table (N = 34) room to participate in an iRAT and tRAT following by an application exercise.
—six tables with —The facilitator could visit each breakout room to introduce the application
six learners per exercise and identify discussion themes to promote discussion among
table (N = 36) breakout groups.

In-class TBL session

—Two folders were placed on each table, one with iRAT and tRAT inside, and
the other one with a practice case, three rounds of questions, and a set of
laminated letters (A, B, C, D, and E) for the table to hold up when teams were
asked to give the best answer to a question.

—Following the readiness tests, teams were asked to work on each of the
application exercises independently, discuss their perspec-tives, and
collaborate with other teams in a facilitated TBL format with faculty.

7 Persky& 2 1. Physiology course No information  An instructor- —Students were asked to record their study time preparing for the readiness
Hogg, 2. Pharmacokinetics developed assurance procedure (RAP).
2017 course reading material —Students completed the individual quiz.
Number of students were —Students completed the quiz in their assigned teams.
not provided in both
courses.

Table Il: A summary of studies implementing TBL in pharmacokinetic courses

No Reference Aim Methods/Design Measurements Statistical analysis Outcomes
1 Zgheibet Toexaminethe Modified TBL method Students'satisfaction (eight questions Mann-Whitney Positive feedback with the mean score ranging from
al., 2010 effect of the TBL using two case-based on a five base Likert-like scale) non-parametric 1.21-1.72 for drug metabolism and pharmacogenetics
approach on discussions: session and 1.75-2.06 for PK/PD session
teaching —An easy drug Individual right answers versus group  Z-test for the com- Group performance was better than individual
pharmacology to metabolism/ pharma- right answers (assessed based on 18 parison of pro- performance for all questions, with seven out of 18
second-year cogenetics session questions) portions of right  questions being statistically significantly different (p <
medical —A more challenging answers 0.05)
students' PK/PD session Class performance on the summa-tive One-way ANOVA  -An improvement over the previous year (the mean
satisfaction and quiz was compared to the previous with Tukey's post  scores were 47.0% in the year 2005-2006, 58.0% in the
performance years scores (2005-2006 and hoc test year 2006-2007, and 75.0% in the year 2007-2008)
2006-2007) -The mean score in the year 2007-2008 was
significantly higher than the year 2005-2006 (p < 0.05)
2 Persky, To assess the Five TBL modules with Quiz scores from the individual quiz Paired t-test Significant improvement in gRAT over iRAT (>90%
2012 impact of TBLin three learning phases (iRAT) and team quiz (gRAT) versus >80%, p < 0.05)
a foundation in each module: pre-  Survey of the professionalism scores in Paired t-test of —Significant improvement in the overall scores (mean
pharmacokinetic class preparation, five aspects: excellence, respect, pre-and post- change = 2.8, p < 0.05)
s course readiness assurance  altruism, duty, accountability and course survey —Significant improvement in altruism, accountability,
process, and in-class  honesty. and honesty aspects (p < 0.05)
and clinical cases were Survey of attitudes towards five Paired t-test of —No significant changes in attitudes in any category (p
conducted aspects of team learning: overall pre- and post- >0.05)
satisfaction with team experience, course survey —Overall satisfaction with team experience was nearly
team impact on quality of learning, significant (p = 0.056)

satisfaction with peer evaluation, team
impact on clinical reasoning ability,
professional development

End-of-course evaluations compared  t-test Significant improvement (p < 0.05) in some aspects:
between the TBL year and the —The course content was related to course objectives
previous year (smaller group) —Encourage active student engagement

—Course objectives and assessments were aligned
—Individual assistance was provided when needed

Pharmacy Education 22(1) 63 - 72 68
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Table II: A summary of studies implementing TBL in pharmacokinetic courses (continued).

No Reference Aim

Methods/Design

3 Persky & To assess the For a foundation pharma-
Dupuis, impact of cokinetics (F-PK) course: a
2014 increased active  transition from a lecture

learning strate-  with active learning (LAL)

gieson student  format to recitation format

performanceina (REC) using smaller groups

foundational and  of students to a TBL format

clinical pharma-

cokinetics course

over an eight- For a clinical pharma-

year period cokinetic (C-PK) course: a
transition from LAL to case-
based learning (CBL)

4 Perskyet Toexaminefac- Learning curve generation
al,, 2015  torsinfluencing  through the completion of 4

the interindivi- interim cumulative
dual variability of assessments and a 5th
learning rates cumulative final exam.
within a TBL

environment

5 Persky, To study the —Two types of pre-class

2015 effects of using materials were provided
multimedia prior to the TBL module i.e.,
material against  reading material and
reading material  animated module
for pre-class —At the end of the semester,
preparationina  students rated their
TBL-format preference for pre-class
pharmacokinetics materials using a bipolar
course scale

6 Franklinet Tocomparethe  —One online cohort and two
al., 2016 effectiveness of  face-to-face cohorts (Tampa

face-to-faceand  and Las Vegas) of pharmacy

online TBL students.

teaching meth-  —Students in all cohorts

ods used to teach completed individual

phenytoin readiness tests (iRATs) and

pharmacokinetics team readiness tests (tRATs)
as well as a self-assessment
survey

7 Persky& Toexaminethe  eSelf-report from students
Hogg, relationship be-  about the amount of time
2017 tween instructor-  spent on studying for RAP in

developed
reading material
and pre-class
preparation time
for readiness
assurance proc-
ess (RAP) ina TBL
course (pharma-
cokinetics and
physiology)

pharmacokinetics and
physiology courses

Measurements

Examination performance in the

C-PK course comparing
between three-course formats:
1.F-PK: LAL, C-PK: CBL

2.F-PK: REC, C-PK: CBL

3.F-PK: TBL, C-PK: CBL

The first format was used as a
control.

Examination performance in the

C-PK course comparing CBL to
LAL

Relationship between exam-
ination score and course
evaluation score

Covariates influencing
interindividual variability of
learning rates including:
1.prior academic experience
(grades, standardized exam-
ination scores)

2.study skills (number of prac-
tice problems, study strategies,
motivation)

3.personality traits and atti-
tudes (introversion/extra-
version, self-views of intelli-
gence, attitudes towards team
learning) were assessed
1.Students’ preference on the
pre-class preparation.

2.Individual readiness assurance
test (iRAT) between methods of

preparation.

—Comparison of iRAT and tRAT
obtained from an online TBL

cohort and two face-to-face TBL

cohorts
—Teamwork survey

*To determine factors within
the pre-class reading material

that contribute to self-reported

study time

Statistical analysis Outcomes

ANCOVA to
control for per-
formance in F-PK
course

Correlation
coefficient

A latent curve
model (LCM)

1.Qualitative
analysis on the
students’
preference of pre-
class preparation
2.Kruskal-Wallis
test to compare
the median iRAT
scores across
preferences
One-way ANOVA

eCorrelation an-
alysis

eMultilevel linear
regression

—A high increase in C-PK score of TBL format over LAL
format (effect size: 0.78, 95%Cl: 0.58-0.97, p < 0.001)
—A moderate increase in C-PK score of REC format
over LAL format (effect size: 0.51, 95%Cl: 0.32-0.70, p
<0.001)

—A small increase in C-PK score of TBL format over
REC format (effect size: 0.27, 95%Cl: 0.14-0.40, p <
0.001)

—A significant moderate increase in examination
scores of CBL (87.7) over LAL (85.9), p < 0.01

—For F-PK course: r =-0.682, p < 0.05
—For C-PK course: r =0.230

1.Initially, a higher grade point average (GPA) was
significantly associated with faster learning rates;
however, after personality traits were added, the
significant effect disappeared

2.No significant effect of practice or motivation
components on learning rate, but metacognitive self-
regulation (i.e., planning, monitoring, regulating of
cognition and learning) partially explained variability
in learning rate (p < 0.05)
3.Introversion/extroversion did not influence
performance in a TBL environment, though lower
team learning preference was observed in introverts.

1.About 66.7% of the students preferred reading
materials over the animated modules.

2.A significantly higher iRAT score on the quizzes was
observed in students who preferred the reading
materials over the animated modules (p = 0.05)

—For tRAT, the online cohort performed significantly
better than the two face-to-face cohorts (p < 0.05).
—For iRAT, the face-to-face cohort from Las Vegas
performed best (p < 0.01).

—tRATs scores were higher than iRATs scores, but the
iRAT scores were more predictive of knowledge
retention than the tRAT scores (from the bonus points
in the final examination).

—Positive interactions among teams in all cohorts.
—TBL was effective for a pharmacokinetics course in
both face-to-face and online classes.

* 3.2 hours on average used in preparation for a
section of material in TBL format

*The average ratio of self-report study time to class
time on each topic was 36 minutes of pre-class study
to one hour class time

Predictors for self-reported study time

«Positive predictors: word count and number of
assessments (p < 0.001)

*Negative predictors: topic difficulty and number of
figures (p < 0.001)

Pharmacy Education 22(1) 63 - 72
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reasoning ability, and professional development, and
found that no significant changes (p > 0.05) in any
category of attitudes were observed. Moreover, five
aspects of professionalism were evaluated: excellence,
respect, altruism, duty, accountability, and honesty; and of
these, significant improvement was reported for the
altruism, accountability, and honesty aspects (p < 0.05)
(Persky, 2012).

Further, Persky and colleagues (2015) determined
whether three categories of covariates (prior academic
experience, study skills, and personality traits and
attitudes) significantly influence the interindividual
variability in learning rates within a TBL environment. The
results indicated that only metacognitive self-regulation
(i.e., planning, monitoring, regulating of cognition and
learning) partially explained variability in learning rate (p <
0.05). While personality traits such as introversion/
extroversion did not have an impact on student
performance in a TBL environment, they might impact
student attitudes about the course environment.

Preference on the two types of pre-class materials in a
TBL-format pharmacokinetics course (reading materials
and animated modules) were also explored (Persky, 2015).
The author found that approximately 66.7% of the
students preferred reading materials over the animated
modules. Moreover, two types of TBL methods (face-to-
face and online) were also compared and the results
indicated that TBL was effective for a pharmacokinetics
course in both face-to-face and online formats (Franklin et
al., 2016). Finally, Persky and Hogg (2017) identified that
word count and the number of assessments were positive
predictors, whereas, topic difficulty and the number of
figures were negative predictors significantly influenced
self-reported study time used in a TBL course (p < 0.001).
The methods, statistical analysis and outcomes of each
study are summarised in Table II.

Discussion

Pharmacokinetics involves the application of mathe-
matical principles to explain drug concentration versus
time data in animals and humans. In pharmacokinetics the
crucial competencies are the ability to calculate dosing
regimens, recover specific parameters, and apply
pharmacokinetics concepts with the support of
mathematical calculations. A traditional pharmacokinetics
classroom uses a lecture-based approach; however, this
approach does not fit well with how adults learn.
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Authentic problem-solving is an instructional technique
that is well-supported to be able to promote critical
thinking, collaboration, and communication; these are all
components that can be found in TBL (Persky, 2012).
Pharmacy educators and current accreditation standards
believe that the main skills desirable for future
pharmacists are information processing, problem-solving,
decision making, communication, work planning, and
organisation. These beliefs are congruent with a survey
conducted by the National Association of Colleges and
Employers (Persky, 2012).

To the authors knowledge, this is the first systematic
review of TBL implementation in pharmacokinetics
courses. It will discuss three aspects of using of TBL in
pharmacokinetics courses: the implementation, the
benefits, and the challenges. According to this review, TBL
was proven to be more effective compared to other
learning and teaching methods used in pharmacokinetics
courses such as lecture-based approach and small group
learning method, e.g., tutorials, seminars, workshops,
project-based learning, recitation (Persky, 2012, 2014).
This is congruent with results from other studies (Zgheib
et al., 2010; Persky & Dupuis, 2014). TBL can be conducted
in both face-to-face and online classes and it was effective
in both (Franklin et al., 2016). When implementing TBL,
three stages were usually performed: pre-class
preparation, RAP in which iRAT and tRAT were used to
assess students’ performance, and wrap-up/discussion. In
the pre-class preparation phase, instructors had to
prepare learning materials for students which appeared in
many forms, e.g., PowerPoint presentations, an e-book,
and animated multimedia. And, when students were in
class, they had to perform iRAT individually followed by
teamwork for tRAT. Then, the class was finished with a
wrap-up/discussion session involving the whole class.
Many benefits of TBL implementation in pharmacokinetics
courses can be drawn from the reviewed studies. For
example, higher examination scores (Zgheib et al., 2010;
Persky, 2012; Persky & Dupis, 2014) and professionalism
(A. M. Persky, 2012) were reported. Moreover, positive
feedback from students’ satisfaction surveys were also
identified (Zgheib et al, 2010). Though no significant
changes in attitudes were observed from Persky’s study
(2012), Tweddell and colleagues (2016) assessed faculty
perceptions and experiences of TBL implementation
across pharmacy curriculum and found that TBL
implementation enhanced student engagement, peer
learning, and development of transferable skills. It also
increased faculty enjoyment of teaching (Tweddell et al.,
2016). The non-significant changes in attitudes from
Persky’s study could be related to students’ perception of
learning. Students in the TBL felt they missed out on
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learning to a greater extent compared with the smaller-
group format cohort, even though they could get more
individual assistance in the TBL format. This lower extent
of perceived learning might better relate to the role peers
play in the learning process. Some students favour
instructors as experts while some of them accept peers as
experts (Persky, 2012). Given that TBL relies deliberately
on peer instruction, some students might feel they are not
getting adequate learning experiences. To improve
student attitude towards peer instruction, the importance
and benefits of peer learning could be introduced in the
TBL format. However, some challenges still exist from the
review of the literature. One of the most important and
challenging tasks is an investment in faculty development
and time for resource preparation since TBL is a student-
centred approach, and thus, faculty skills set for facilitating
learner-centred class is required (Tweddell et al., 2016).
The second challenge is the preparation of the appropriate
assignments and the writing of effective application
exercises. Further investigation is needed for the
refinement of the exercises aiming to develop other non-
content skills such as problem-solving (Zgheib et al., 2010;
Persky, 2012). The third challenge is the development of
materials for pre-class preparation. The materials must be
efficient and effective to optimise student preparation
since out-of-class time management is important for
professional program in which students’ time is limited.
The self-pacing ability, the level of detail, the organisation,
and the readability of text are crucial components that
should be taken into account when developing the
materials (Persky, 2015; Persky & Abigail Hogg, 2017).
Another challenge is the investigation of potential factors
that contribute to interindividual differences in the TBL
environment since the evidence showed that increasing
student accountability might affect students’ attitudes
towards the use of TBL (Persky & Dupuis, 2014). Also, for
students with introverted personality types, the TBL
approach seemed to be less preferred (Persky, 2015). The
last challenge is the need for more studies of technological
impact on learning compared to other methods as so far,
two studies  (Persky, 2012; Persky, 2015) have been
conducted regarding this issue.

Conclusion

This systematic review identified that the implementation
of TBL in pharmacokinetics courses could improve student
learning and professionalism such as altruism,
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accountability, and honesty. Transferable skills could also
be developed. Faculty enjoyment in teaching was also
increased in TBL classes. Though the initial workload was
found to be increased, it was subsequently informed to be
optimised. However, challenges for TBL implementation in
pharmacokinetics courses do exist, e.g. an investment in
faculty development and time for resource preparation,
the preparation of appropriate assignments and the
refinement of application exercises, the development of
effective and efficient materials for pre-class preparation.
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