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Objective. To implement an active-learning approach in a pharmacotherapy course sequence in the
second year (P2) and third (P3) year of a doctor of pharmacy (PharmD) program and determine whether
the pedagogical changes correlated with retention of core content in the fourth year (P4).
Design. Class sessions were transitioned from slides-based lectures to discussion-based active-learning
pedagogy.
Assessment. A comprehensive examination was created and administered to assess student retention
of therapeutic topics taught. Students demonstrated significantly improved overall scores on questions
derived from the active-learning pedagogy used in Pharmacotherapy II and III compared to those derived
from Pharmacotherapy I in which content was delivered by lecture.
Conclusion. The use of active-learning strategies over lecture-based methods in pharmacotherapy
courses resulted in higher retention of core content. Students’ performance in areas taught using the
discussion-based methodology was superior to that which was taught using lecture-based slide
presentations.
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INTRODUCTION
The combination of the changing face of pharmacy

education and the influx of new pharmacy programs de-
mands curriculum innovations to assure the profession’s
future competency, resulting in the increase of active-
learning pedagogies.1-4 Due to the quantity of interpre-
tations in the literature, choosing the most applicable
active-learning strategy for student engagement proves
cumbersome. The implementation of active-learning strat-
egies may be facilitated with the application of core con-
cepts. Among these, defining the requirements for student
participation in meaningful activities, engaging students
in the learning process, and evaluating their participation
have utmost significance. This contrasts a traditional lec-
ture style of unilateral learning (eg, students passively re-
ceive information from faculty).5,6

Literature supports the use of active-learning ped-
agogies in pharmacy education. Hogan and Lundquist
surveyed graduating pharmacy students to evaluate their
perceptions of preparedness for advanced pharmacy

practice experiences (APPEs) and the effectiveness of
problem-based learning in their preparation. Students
found the use of problem-based learning to be an appro-
priate tool in preparing themselves to perform above av-
erage during APPEs.7 Dolder and colleagues measured
the effect over time of a 2-year, problem-based learning
sequence on the skills, knowledge, and abilities it was
designed to enhance and develop. Students worked in
groups to complete 4 problem-based learning (PBL) cases
each semester. Case solutions were documented through
the use of standardized answer sheets comprising 6 ques-
tions that addressed the course learning objectives (hy-
potheses, learning issues to investigate, how hypotheses
ruled in or out, primary problem identification, plan,
and goals). Students received a total score and 3 prede-
termined sub-item scores (ie, bioinformatics, knowledge
and reasoning, and application). Total and sub-item scores
significantly improved for each semester compared with
baseline; however, a performance ceiling was observed
among semesters 2, 3, and 4. The improvements demon-
strated in all measured areas of performance were con-
sistent with the ability of PBL to affect a variety of
academic achievement areas.8

The American Association of Colleges of Phar-
macy Curricular Change Summit Supplement addressing
competencies for the future in the professional curriculum
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encouraged faculty members to “extensively implement
active-learning strategies that will improve retention of
knowledge, thinking abilities, and problem-solving, and
foster development of professional traits.”3 Recommen-
dations from this study, as well as an additional summit
supplement addressing roles of innovation in education
delivery, are consistent with the 2004 revisions of the
Center for the Advancement of Pharmaceutical Educa-
tion guidelines in addressing pharmacy practice compe-
tencies and are supportive of the need for interactive
curricula with less focus on information storage and re-
trieval.2,3,9,10 The Accreditation Council for Pharmacy
Education standards stipulate that active-learning strate-
gies be used throughout curricula to foster student learn-
ing and achievement of outcomes.11

Traditional lecture styles facilitate rote memoriza-
tion and result in students forgetting information follow-
ing an examination. Student attention and retention have
been shown to be affected during a traditional 60-minute
lecture. Student attention span is approximately 15 min-
utes with lecture-based pedagogy.5,12 Substantial decline
in student retention of information presented after the first
10 minutes of lecture has also been documented. This de-
cline continues throughout the 60-minute period with the
lowest percentage of information retained being pre-
sented during the last 10 minutes.13 Active learning re-
quires students’ participation in the classroom and helps
them to become more responsible for their own learning.
Evidence supports the use of active learning to stimulate
higher-order thinking and improve student motivation to
learn.5 Ruhl and colleagues evaluated short- and long-
term retention following the implementation of 1 active-
learning strategy (the pause procedure) in a study involving
72 undergraduate students. The strategy involved inter-
rupting a 45-minute lecture with 2-minute breaks during
which students worked in pairs to clarify their notes.
Short-term retention was assessed by a free-recall exer-
cise and long-term retention by a multiple-choice exam-
ination given 1.5 weeks after the last of 5 lectures used in
the study. Results were compared with a control group
who experienced the traditional lecture format. Short-
term and long-term retention of lecture material were
higher in the group using the active-learning approach.14

In 2008, Kelley and colleagues designed an inter-
active competency-based assessment that P4 students at
The Ohio State University underwent prior to APPEs. The
examination was case-based, covering 9 major health/
medical topics and the top 200 prescribed medications
of 2006. This assessment evaluated student confidence
preexamination and postexamination.15 In 2010, Alston
and colleagues created an Annual Skills Mastery Assess-
ment (ASMA) at Wingate University used to test abilities

at the end of each academic year. Each ASMA was multi-
ple choice and faculty development included training on
writing higher-order items based on Bloom’s Taxonomy.
Care was given to diversify content to cover a broad range
of disease states relevant to the student year (P1, P2, P3,
P4). Each ASMA was considered high stakes but had no
sole bearing on student progress; however, concerns
raised were followed by appropriate remediation.16

This study was conducted at the University of
Charleston School of Pharmacy. It describes an assess-
ment tool built with varying levels of Bloom’s Taxonomy
to evaluate student retention of concepts taught using
active-learning strategies vs those taught using traditional
pedagogy.17 Studies evaluating the effect of active learn-
ing on longitudinal knowledge retention assessed through
examination are lacking in the pharmacy literature. The
objective of this study was to determine if a systematic
change in teaching methodology from a lecture-based to
an active-learning, student-centered pedagogy between
P2 and P3 correlated with increased retention of core
pharmacotherapy content in P4 students. We detail the
design, development, implementation, and assessment
of a novel approach to integrating active-learning strat-
egies into an advanced therapeutics course and the im-
pact on student retention of core concepts.

DESIGN
Students in the class of 2012 were given a compre-

hensive examination during their fourth year to determine
retention of pharmacotherapy concepts. This comprehen-
sive examination was not a routine assessment in the
school’s pharmacy curriculum and was used only in this
class of students who had experienced 2 different teach-
ing pedagogies during their second- and third-year phar-
macotherapy courses. This assessment was administered
to measure the effectiveness of the school’s new active-
learning pedagogy vs the traditional pedagogy being
used. The new active-learning strategies implemented
during P3 pharmacotherapy courses were intended to
improve students’ ability to recall and apply material in
the fourth year; thus, the examination focused on reten-
tion as a marker of success.

Key learning objectives for the pharmacotherapy
course sequence were for students, upon completion, to
be able to: describe the incidence, clinical presentation,
and diagnostic process of selected disease states; use
pertinent diagnostic and laboratory tests for directing
drug therapy; apply sociologic and economic consider-
ations when determining a drug therapy plan; use inter-
disciplinary skills that direct appropriate selection of
nonpharmacologic and pharmacologic therapies; under-
stand mechanisms and proper usage of prescription and
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nonprescription medications; develop strategies to in-
crease patient understanding, motivation, and adherence
to treatment plans; identify and prevent drug-related
problems; effectively monitor, assess, and optimize thera-
peutic plans; and apply current practice guidelines to
therapeutic recommendations.

The fourth-year students (N570) had been exposed
to the traditional teaching methodology in their Phar-
macotherapy I course. They experienced the change in
pedagogy starting with their Pharmacotherapy II course
and carrying through Pharmacotherapy III. Content within
each pharmacotherapy course was unique. The first se-
quence included cardiovascular, renal, immunologic, and
bone and joint disorders. The second sequence covered
respiratory, gastrointestinal, neurologic, endocrine, and
psychiatric disorders. The last sequence covered infectious
disease, oncology, special populations, and nonprescrip-
tion medication topics. Content in the pharmacotherapy
sequence did not change with implementation of the
new pedagogy. Pharmacotherapy I content was deliv-
ered using traditional lectures with slide presentations in-
volving little dialogue with students. This was the method
in which all previous students had been taught pharma-
cotherapy at the school. Students did not engage in the
material prior to class. Instead, instructors taught the
information in class via lectures, leaving students with
little time for application of the material. Students dem-
onstrated that they could memorize the slide content and
perform well on examinations, but during the following
year in the experiential education setting, they had dif-
ficulty recalling and applying information from the pre-
vious pharmacotherapy courses. Feedback and evaluations
requested from our experiential department confirmed
the student’s challenges with application of knowledge.

During fall semester 2010, faculty members began
implementation of the reconstructed pharmacotherapy
course sequence starting with Pharmacotherapy II as it
is delivered in the fall, whereas Pharmacotherapy I and
III are delivered in the spring. This teaching method was
different from the slides-based lectures previously used
in the Class of 2012 first Pharmacotherapy course. There-
fore, the class of 2012 had already completed Pharmaco-
therapy I, taught using the traditional pedagogy, before
the changes to the course sequence began. Experiencing
this transition from the traditional pedagogy to the active-
learning pedagogy is what made this class of students the
best subjects for this study.

As part of the course reconstruction, the course co-
ordinators created an instructor guide, the contents of
which were agreed upon by all faculty members teaching
in the course sequence. Faculty members used the instruc-
tor guide to help facilitate consistency in mechanisms of

content delivery and student expectations during class
sessions. Students were assigned preparatory readings
and given individual readiness assessment tests (IRATs)
prior to the lecture. Although faculty members agreed
upon using IRATs as an effective tool to assess student
readiness for class, they required excessive faculty time
to conduct and grade, and added an administrative bur-
den to these team-taught courses. Thus, the IRATs were
abandoned shortly after implementing the new pedagogy.

Once class sessions began, instructors used a ran-
domized list to call on students to participate in class
discussion. Students were required to answer questions
directed at them to demonstrate their ability to apply the
material they had studied. Instructors designed questions
to cover key concepts to meet ability-based outcomes for
each class session. They had the flexibility to administer
questions creatively using their choice of in-class ac-
tivities (eg, games, puzzles, patient cases; not slides or
lectures) to help students demonstrate their ability to
apply material in the class setting. Students earned class-
participation points for correctly answering questions
when called upon during class. Students were given 8
chances to earn these participation points through in-
structor-facilitated questioning in class. Each student
was called upon for points for this purpose 8 times
throughout the semester. Additional comments and ques-
tions were encouraged; however, only those directed by
the instructor resulted in points earned. Class-participation
points comprised approximately 20% of the course grade,
while team cases and online secure examinations accounted
for the remaining 80% of the grade in the P3 pharmaco-
therapy courses. The University of Charleston’s Insti-
tutional Review Board approved this study. Statistical
evaluation was completed using SPSSVersion 16.0 (SPSS
Inc, Chicago, IL). Groups were compared using the stu-
dent t test.

EVALUATION AND ASSESSMENT
Course coordinators created a 100-item compre-

hensive examination, with 30 questions on the content
of each of the 3 pharmacotherapy courses. (Responses to
the 10 additional questions included in the examination
are not reported here as they had no relevance to this
study.) The pharmacotherapy course coordinators reviewed
previous examination material from their courses and
selected the 30 questions based on levels in Bloom’s
Taxonomy and acceptable item statistics for each ques-
tion.6 Each coordinator selected 10 questions from
Bloom’s Taxonomy level of knowledge, comprehension,
and application, respectively. This was done to maintain
consistency in the difficulty level of questions for each
of the 3 courses.
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In December 2011 (after completion of 5 of their
8 required APPEs), 70 students completed the compre-
hensive examination. Examsoft (ExamSoft Worldwide,
Inc, Dallas, TX) was used to administer the secure exam-
ination and students were given 2 hours to complete it.
Although there were no outlined consequences if a stu-
dent did not take the examination, all students in the class
completed it. SPSS Version 16.0 (SPSS Inc, Chicago, IL)
was used to analyze results for significance.

Students demonstrated significantly better overall
mean scores on questions derived from the active-learning
pedagogy used in Pharmacotherapy II and III than on those
derived from Pharmacotherapy I in which content was de-
livered by lecture (p,0.01 for Pharmacotherapy I vs III,
p,0.01 for Pharmacotherapy I vs II). There was no sig-
nificant difference in overall student performance on
questions derived from courses using the new pedagogy
(p50.33 for Pharmacotherapy II vs III) (Table 1).

The 11 faculty members involved in team-teaching
Pharmacotherapy II in 2010 were surveyed at the begin-
ning and end of the semester to determine faculty atti-
tudes toward teaching using active-learning methods.
The pre-semester survey resulted in a 100% response
rate while the followup survey achieved a 45% response
rate. Prior to using the new pedagogy, respondents an-
ticipated that more time would be required to prepare for
each active-learning class session but that students would
be more engaged with the material and would learn more
applicable content. One hundred percent of faculty mem-
bers responding to the survey agreed that student out-
comes would improve with implementation of the new
pedagogy. Comments reflected some hesitation regard-
ing changes but willingness to attempt new methods to
potentially increase student learning. Responses to the
followup survey reflected that initial thoughts of the
instructors did not change. They reported a perceived
slight increase in time spent preparing for classes using
the new teaching method. However, they were pleased
with the level of student engagement and apparent learn-
ing of applicable content. Incorporating active-learning
strategies into a large class setting proved feasible and

acceptable among faculty members who undertook this
change. This pedagogy change and subsequent assess-
ment did not require additional resources (financial or
personnel). Faculty members have adopted this new
pedagogy in subsequent annual offerings of this phar-
macotherapy sequence. Other faculty members have
implemented aspects of this pedagogy throughout the
curriculum.

Initial student perspectives were mixed. Based upon
course evaluations, students reported that they did retain
material better and felt more comfortable with the con-
tent taught using the active-learning pedagogy. Com-
plaints included a hesitancy to assume responsibility
for completion of reading assignments (sometimes read-
ing assignments were perceived as voluminous), requests
to use slides again (overall resistance to change), and dif-
ficulty re-organizing personal time management to fa-
cilitate adequate pre-class preparation (while balancing
other course workload). As students matured throughout
their final year, they reported a greater appreciation for
the new pedagogy. Exit interview data (collected annu-
ally from graduates of the University of Charleston School
of Pharmacy’s program) reflected a gratitude for having
experienced the change in teaching methods. As assessed
in focus groups of this class, many graduates reported
having a greater sense of responsibility and capability
for self-learning.

DISCUSSION
Transitioning third-year pharmacotherapy courses

from a traditional lecture-style andragogy to an active-
learning andragogy style resulted in pharmacy students
retaining course material/content better in their P4 year.
Active-learning strategies are an important element
when promoting critical-thinking and problem-solving
skills.11,18 Active learning allows students to become
more involved in the classroom setting with a better un-
derstanding of the key concepts and improved content
retention.

Our efforts were put toward a class of 70 students.
A randomized listing of the students was used by each

Table 1. Class of 2012 Assessment Scores Based on Content Year for Active-Learning Format Versus Lecture-based Format

Pharmacotherapy
Sequence No. of Students Mean Score, % Minimum Score, % Maximum Score, % P

I (Spring P2) 70 51.7 20.7 69.0 ,0.01a

II (Fall P3) 70 60.9 34.5 82.8 ,0.01b

III (Spring P3) 70 58.1 29.6 77.8 ,0.01c

Abbreviations: P25second-year, P35third-year.
a comparison of Pharmacotherapy I with II and III combined.
b comparison of Pharmacotherapy II with I.
c comparison of Pharmacotherapy III with I; p50.33 comparison of III with II.
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faculty member to determine which students were to be
called on during each class session. This list helped to
assess student preparedness and ensure the inclusion of
each student equally throughout the semester. Although
the faculty members saw an improvement in student con-
fidence and willingness to participate during each semes-
ter, the amount of content discussion among the students
could have been increased. However, the balance between
delivery and discussion of new content was difficult to
achieve. Faculty members stressed the importance of
students preparing for class, asking questions about dif-
ficult content, and participating in the discussion during
class, thereby placing responsibility for learning on the
student.

Initial barriers for faculty members included creation
of new lecture material in order to incorporate student-
directed reading assignments and student-centered in-
class activities. Many of our faculty members had been
teaching certain topics for quite some time, so the change
in lecture material and presentation style added an in-
creased workload compared to that which was planned
in advance. Newer faculty members had less of a barrier
as they were expected to begin working on lecture ma-
terials and it was already assumed they would needmore
time for preparation. For students, 1 initial barrier was
thought to be the increased amount of required reading
in order to adequately prepare for each class session.
Many students voiced concerns of “teaching themselves”
vs having an improved learning environment. However,
once examination time came, students seemed more pre-
pared. Some stated they spent less time cramming for the
examination and more time reviewing what they had
already read, prepared for, and discussed. The students
expressed the change in format as a major strength.
Verbal and informal student feedback throughout each
semester allowed faculty members to stay motivated to
teach in a different style in order to provide students with
a better outcome (ie, a greater retention of knowledge).

Because questions remained among faculty mem-
bers as to the value of active learning in terms of stu-
dent retention of material, the assessment tool described
in the Evaluation and Assessment section was constructed
and administered to students who had experienced both
pedagogical strategies throughout the pharmacotherapy
course sequence. Because the examination revealed pos-
itive results in the way of increased knowledge retained,
we hope that the curriculum committee at the University
of Charleston will continue to consider implementing
active-learning methods beyond the pharmacotherapy
sequence. Based on verbal feedback from students, stu-
dents would also advocate the active-learning model as
they commented on their success in ability to not only

learn the material for the first time, but also to have
a deeper understanding of the material. In addition, ac-
tive learning should be viewed as a positive change in
classrooms and curriculum nationwide. Faculty mem-
bers may choose from multiple active-learning styles
to engage their students, so implementing such changes
in instructional method can be done with minimal effort
and resources.

In creating the comprehensive assessment, old ex-
amination questions from Pharmacotherapy I, II, and III
were reviewed and included in the content to ensure the
major concepts from each course were covered ade-
quately. Other than minor changes made to some ques-
tions to correct statistics, grammar, or typographical
errors, essentially the same set of examination questions
that had been given to this group of students when they
completed the courses the previous year were included
in the comprehensive assessment, leaving no way to rule
out recall of the test questions as the reason for their
higher scores rather than knowledge retention of course
content. When looking at the time between the pharma-
cotherapy sequence and the examination, recall was most
possible for the latest content delivered and tested (ie,
Pharmacotherapy III).

Because of delays in obtaining the archived ques-
tions from the Pharmacotherapy I examination, the
comprehensive assessment was administered more than
halfway through the experiential year. Thus, some stu-
dents may have completed more difficult practice expe-
riences prior to the assessment compared to other students
and because of the knowledge gained during these APPEs,
they may have performed better on the comprehensive
assessment. Another limitation related to the delay in ad-
ministering the assessment was that some students may
have been studying for the North American Pharmacist
Licensure Examination (NAPLEX) and could have skewed
the results in favor of a larger amount of knowledge
retained.

Although not technically part of the evaluation of
our study, investigators were interested in evaluating the
NAPLEX score results for this cohort of students. There
was a 7.5% increase in first time pass rate of the NAPLEX
among those graduates who had experienced the change
in pedagogy when compared to the average of all pre-
vious graduates from this program. While these results
may have been influenced by other factors, it is worthy of
mention and further evaluation.

SUMMARY
A change in pedagogy from a lecture-based format

to an active-learning format initiated during the second
course of a 3-course pharmacotherapy series resulted in
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improved student retention of course content. By devel-
oping and administering a comprehensive assessment,
we quantified students’ gain in knowledge retention when
comparing active-learning strategies to the traditional lec-
ture format. Student evaluations and preceptor surveys
point to our graduates having a greater sense of respon-
sibility, and better retention of information and capacity
for self-learning, because of incorporating the active-
learning pedagogy.
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