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Objective. To determine whether a flipped classroom design would improve student performance and
perceptions of the learning experience compared to traditional lecture course design in a required
pharmacotherapy course for second-year pharmacy students.
Design. Students viewed short online videos about the foundational concepts and answered self-
assessment questions prior to face-to-face sessions involving patient case discussions.
Assessment. Pretest/posttest and precourse/postcourse surveys evaluated students’ short-term knowl-
edge retention and perceptions before and after the redesigned course. The final grades improved after
the redesign. Mean scores on the posttest improved from the pretest. Postcourse survey showed 88% of
students were satisfied with the redesign. Students reported that they appreciated the flexibility of video
viewing and knowledge application during case discussions but some also struggled with time re-
quirements of the course.
Conclusion. The redesigned course improved student test performance and perceptions of the learning
experience during the first year of implementation.
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INTRODUCTION
Standards from the Accreditation Council for Phar-

macy Education (ACPE) emphasize the need to prepare
graduates to solve problems and think critically by
employing teaching methods that actively engage
learners.1While passive transmission of knowledge using
traditional lectures still prevails in pharmacy education,
students are accustomed to technology, and they desire to
learn by solving problems and collaboratingwith others.2-4

The term “flipped classroom” describes a teaching ap-
proach that is not new but has become popular.5-7 The
flipped classroom model is designed to maximize active
learning through interactions during class time while
moving content instruction outside of the classroom,
commonly with the assistance of technology such as pre-
recorded videos.6-9During class time, instructors focus on
identifying and resolving misconceptions, fostering the
development of problem-solving skills, and facilitating
collaboration among students.5,10

Despite growing interest in the flipped classroom
model, a review of the published education literature in

health sciences identifies few studies that detail the flip-
ped classroom designs and report their effect on course
outcomes. Four studies in undergraduate and graduate
nursing courses evaluated different designs that included
lecture capture, readings, case studies, team-based learn-
ing and student presentations with an outcome of mixed
results in student performance and satisfaction.11-14

In their study in an emergency medicine residency pro-
gram, Young and colleagues demonstrated medical res-
idents’ preference for the flipped classroom format over
the traditional lecture format.15 In another study in
a physical therapy program, Boucher and colleagues
presented positive student and faculty responses to a flip-
ped classroom design that incorporated recorded lec-
tures, readings, discussion, laboratories, and problem
solving.16 Several studies evaluated the impact of vari-
ous flipped classroom designs and the use of prerecorded
videos in the pharmacy curriculum and found promising
results with students’ performance and satisfaction with
the courses.17-22 No previous studies, however, reported
a complete redesign of a required pharmacotherapy
course into a flipped classroom model in the doctor of
pharmacy (PharmD) curriculum.

At the Texas A&M Health Science Center Rangel
College of Pharmacy, Integrated Pharmacotherapy I
is the first integrated course on pathophysiology,
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pharmacology, and pharmacotherapy. In previous course
evaluations, students indicated that patient cases and the
associated audience response questions were most effec-
tive for learning; however, many students had difficulty
applying the knowledge to the patient cases during lec-
tures where most students first learned the content. Stu-
dents also felt disengaged and distracted during lectures
delivered by distance faculty members via synchronous
videoconference technology. Therefore, to engage stu-
dents in active learning more effectively during class
time, we transformed the course into a flipped classroom.
We hypothesized that our approach to flipped classroom
design would promote short-term knowledge retention
measured by student performance during the course and
improve perceptions of the learning experience during the
first year of implementation of the design.

DESIGN
Integrated Pharmacotherapy I is a required,

2-credit, fall semester course for second-year PharmD
students. This course covers renal diseases, fluids and
electrolytes, acid-base disorders, and nutrition. Before
the redesign, the class met three times each week for
100 minutes during the first five and a half weeks in the
fall semester. Our team of instructors consisted of two
local faculty and three distance faculty members. All fac-
ulty members delivered traditional lectures enriched by
active-learning activities such as patient cases and inter-
active questions using an audience response system.
When delivered by distance facultymembers, the lectures
and activities were transmitted using synchronous video-
conference technology.

Beginning in January 2012, the investigators, con-
sisting of four faculty and two staff members from In-
structional Design and Support Services, considered the
flipped classroom design and the appropriate instruc-
tional technologies based on the literature and a course
design rubric “Quality Matters.”23 In fall 2012, faculty
members transformed the entire course from a traditional
lecture model into a flipped classroom with consistent
course structure and learning activities. Only a single
class session on the pharmacology of diuretics remained
unchanged because of the instructor’s preference for in-
structional strategies for that topic. All topics except one
were taught by the same facultymembers before and after
the redesign. Faculty members revised the overall course
objectives in 2012 to focus on application of the content
and the specific learning objectives for each topic, divid-
ing them between the online and face-to-face learning
environments depending on their complexity. Overall
course objectives were to: (1) assess the renal function
of patients with acute kidney injury and chronic kidney

disease; (2) develop a pharmaceutical care plan for pa-
tients with renal diseases, acid-base disorders, and fluid
and electrolyte abnormalities; and (3) assess the nutri-
tional status of patients and design total parenteral nutri-
tion regimens for appropriate patients.

In the redesigned course, students completed online
components composed of prerecorded videos and self-
assessment questions prior to the face-to-face sessions
(Table 1). The online components covered foundational
concepts, whereas the face-to-face sessions focused on
clarifying concepts and applying them to patient cases.
Based on other studies, in the redesigned course, the
online components replaced 30-60% of the face-to-face
class time allocated to a topic.19,21 The class met face to
face up to twice a week for the remainder of the class time
allocated to a topic. Altogether, the online components
and the face-to-face class time fulfilled the total class time
and credit hours assigned to the course, which remained
the same as in previous years. To prepare for the rede-
signed course, students viewed a short online orientation
video that introduced the flipped classroom design and
explained the course schedule. Then, on the first day of
class, course coordinators provided a detailed face-to-
face orientation, explaining the rationale and goals of
the redesign, the course structure, learning activities,
and students’ responsibilities.

The online components were organized into eight
learning modules on Blackboard Learn 9.1, Blackboard
hereafter, (Blackboard, Washington, DC). Faculty mem-
bers recorded 59 videos (nine hours of material) using
screen capture tool Camtasia, v7.0 (TechSmith, Okemos,
MI) to produce narrated lecture slides. The videos were
designed based on research on student attention spans and
experience from online learning environments such as the
Khan Academy and Udacity.24-26 Each video was short,
with a median duration of nine minutes (range: 3-18 min-
utes) and focused on one foundational concept essential
for the face-to-face patient case discussion. The self-
assessment questions, which were either embedded in the
videos or were posted along with the videos on Black-
board, engaged students in active learning in the online
environment and provided them immediate feedback.
Each topic included 4-29 self-assessment questions, in-
cluding an open-response question seeking students’
feedback on concepts that needed clarification. Videos
and the self-assessment questions were posted at least
two days prior to the associated face-to-face sessions.
The course coordinator used tracking tools onBlackboard
to identify and contact students who did not complete the
online components by the deadlines.

The face-to-face sessions for each new topic began
with quizzes to assess students’ readiness to discuss cases.
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Quizzes consisted of 6-9 multiple-choice questions
administered over 10-15 minutes. Following each quiz,
multiple short cases associatedwith formative assessment
questions were presented using slides and an audience
response system. Additional questions not associated
with the cases were incorporated in some face-to-face
sessions to review and emphasize selected foundational
concepts. To foster active learning and collaboration, stu-
dents discussed their individual answers with an informal
group of 3-4 adjacent students before submitting their
answers. Students were then called on to elaborate their
answers during the large group discussion.When needed,
facultymembers provided further clarification on the con-
tent and the problem-solving process based on students’
responses. About 30% of the face-to-face sessions were
taught by distance faculty members using synchronous
videoconference technology. These sessions consisted
of the same learning activities as the other face-to-face
sessions.

Examinations accounted for 85% of the final grade
with the remainder determined by the quizzes (10%) and

formative assessment questions (5%) during the face-to-
face sessions. Examination questions consisted ofmultiple-
choice and open-ended questions assessing the content
knowledge as well as application of the content to patient
cases. The examinations were redesigned to include more
open-ended questions in 2012.

To assess student performance, final grades, mean
examination scores, and class performances on 27 re-
peated, multiple-choice questions from examinations in
2011 before the redesign, and in 2012 after the redesign,
were compared. The repeated questions were dispersed
throughout five examinations, and the course policy did
not allow students to retain a copy of the questions. In
2012, students also completed a 20-question pretest on the
first day and an identical posttest on the last day of class.
The pretest and posttest questions were constructed
according to the course and lecture learning objectives.
The pretest and posttest questions assessed the various
levels of Bloom’s Taxonomy of learning, including eight
questions assessing knowledge and comprehension and
12 questions assessing application, analysis, and

Table 1. Components of the Flipped Classroom Design in 2012

# Duration Topics Format Formative Assessments

1 21 min Renal function assessment Online (3 videos) Self-assessment questions (5 questions)a

45 min Renal function assessment Face-to-face Quiz (6 questions)
Discussion questions (5 questions)b

2 37 min Acute kidney injury Online (4 videos) Self-assessment questions (9 questions)
55 min Acute kidney injury Face-to-face Quizc

Discussion questions (6 questions)
3 105 min Chronic kidney disease Online (13 videos) Self-assessment questions (29 questions)

190 min Chronic kidney disease Face-to-face Quiz (8 questions)
Discussion question (21 questions)

4 105 min Acid-base disorders Online (10 videos) Self-assessment questions (24 questions)
180 min Acid-base disorders Face-to-face Quiz (9 questions)

Discussion questions (21 questions)
5 59 min Fluids and sodium abnormalities Online (7 videos) Self-assessment questions (23 questions)

100 min Fluids and sodium abnormalities Face-to-face Quiz (8 questions)
Discussion questions (16 questions)

6 38 min Other electrolyte abnormalities Online (4 videos) Self-assessment questions (14 questions)
100 min Other electrolyte abnormalities Face-to-face Quiz (7 questions)

Discussion questions (18 questions)
7 160 min Parenteral and enteral nutrition Online (14 videos) Self-assessment questions (29 questions)

100 min Parenteral and enteral nutrition Face-to-face Quiz (7 questions)
Discussion questions (8 questions)

8 18 min Pediatric fluids and electrolytes Online (4 videos) Self-assessment questions (4 questions)
50 min Pediatric fluids and electrolytes Face-to-face Quiz (8 questions)

Discussion questions (9 questions)
aSelf-assessment questions were either embedded in the online videos or were posted on Blackboard
bDiscussion questions in face-to-face sessions were mostly case-based; however, a few stand-alone questions were added in some sessions to
emphasize selected foundational concepts
cThe face-to-face sessions on renal function assessment and acute kidney injury were taught on the same day and only single 6-question quiz was
administered for both topics
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evaluation.27 The number of questions allocated to each
topic was proportional to the total class time allotment.

Precourse and postcourse surveys and the course
evaluations provided the quantitative and qualitative data
on student perceptions of the course redesign. The pre-
course and postcourse surveys on student attitudes toward
the flipped classroom design were conducted on the first
and last day of the course in 2012, respectively. The sur-
vey questions were adapted from a validated survey in-
strument of student attitudes toward televised courses.28

Student perceptions of the course before and after the re-
designwere compared using 5-point Likert items from the
course evaluation in 2011 and 2012.

Chi-square test was used to compare the final grade
distribution and the class performances on the repeated
examination questions. The mean examination scores
were compared using independent t test. The pretest and
posttest scores were compared using paired t test.
Responses on individual Likert items of the course eval-
uation from 2011 and 2012 were compared using Mann-
Whitney U test. The level of significance was defined as
an alpha ,0.05. All statistical analyses were performed
using SPSS, v21.0 (SPSS, Chicago, IL).

The open-ended comments in the postcourse survey
were analyzed by two investigators to identify the emerg-
ing themes and categories. Using Lincoln and Guba’s
content analysis technique, each investigator indepen-
dently unitized the comments, formed groups of similar
units, determined emerging themes from the units, then
identified overarching categories from the themes.29 In
qualitative research, unitizing is the process of identifying
the smallest piece of standalone information within the
body of textual data and assigning a descriptive code to
the unit.29,30 For trustworthiness, the investigators com-
pared units, themes, and categories they arrived at sepa-
rately to ascertain the quality and reliability of the
findings.29,31,32 The Texas A&MUniversity Institutional
Review Board approved this study.

EVALUATION AND ASSESSMENT
The course enrolled 90 and 89 students in 2011 and

2012, respectively. One student dropped the course after
the first examination in 2011, leaving 89 students com-
pleting the course in both groups. Student demographic
data upon admission to the college are listed in Table 2.
The precourse survey in 2012 revealed that 74% of stu-
dents had taken an online course before, and 29% of
students had taken a course that blended the online and
face-to-face learning environments.

The overall class performance improved in 2012
compared to 2011 (p50.005; Table 3). The final grades
were excellent (A) or good (B) for 88% of students in

2012 compared with 67% of students in 2011. The mean
examination score increased from 83.4% (SD57.9%) to
88.2% (7.3%) from 2011 to 2012 (p,0.001). Students
performed significantly better on 11 of 27 repeated ex-
amination questions in 2012 than in 2011 (p,0.05), and
performance improved in 10 additional questions with-
out reaching significant difference. In contrast, students
performed significantly worse on two repeated questions
in 2012 (p,0.05), and performance worsened in three
additional questions without reaching significant differ-
ence. Student performancewas the same on one repeated
question in both years. Eighty-six (97%) students com-
pleted both the pretest and posttest in 2012. Out of the
20 questions, the mean score increased significantly

Table 2. Admission Demographics of Students Enrolled in the
Fall 2011 and 2012 Classes

(N=89) %

2011 2012

Gender
Male 45 41
Female 55 59

Age, mean (range) 23 (18-36) 23 (19-36)
Degree

No prior degree 40 45
Baccalaureate 59 53
Postgraduate 1 2

Ethnicity
Asian 43 29
Black 1 3
Hispanic 17 31
White 38 36
Other 1 1

GPAa 3.26 3.38
PCATa 71 69
aThe GPA (grade point average) and PCAT (Pharmacy College
Admission Test) are mean values in each corresponding class of
students upon admission

Table 3. Final Grades in 2011 before Course Redesign and in
2012 after Course Redesign

(N=89)

Final Gradea 2011b 2012

A 17 32
B 43 46
C 25 10
D 4 1
aThe final grade was defined as A590-100%, B580-89%, C570-
79%, D560-69%. D deemed unsatisfactory performance at the
college
bp50.005 for the comparison of the final grade distribution between
2011 and 2012
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from 6.5 (1.9) on the pretest to 12.2 (3.0) on the posttest
(p,0.001).

Eighty-five (96%) and 78 (88%) students completed
the precourse and the postcourse surveys, respectively.
Students reported positive attitudes toward the flipped
classroom design including the online videos and the
face-to-face case discussion (Table 4). In the postcourse
survey, most students rated the course as good (58.4%) or
very good (20.8%). The workload was rated as too great,
rigorous, and just right by 23.1%, 64.1%, and 10.3% of
students, respectively. Compared to other courses, 55.2%
of students thought this flipped course was much better or

better, while 12.9% of students thought it was worse or
much worse.

The response rate of the course evaluation was 66%
in 2011 and 100% in 2012. The increased response rate
was a result of a college-led effort to increase the response
rates of all course evaluations (Table 5). Most students
viewed the course and its various components favorably
in both years, butmore students strongly agreedwith each
individual item in 2012 than in 2011. Statistical analyses
revealed significant improvements on clarity of the grad-
ing system (p50.019), coordination of team teaching
(p50.006), and effectiveness of team teaching (p50.03).

Table 4. Precourse and Postcourse Surveys on Student Attitudes toward Flipped Classroom Design (N585)a

%

Precourse Postcourse

Survey Statement Agreeb Disagreeb Agree Disagree

The types of instructional techniques that were used to teach the class (eg, online
lecture videos, in-class quizzes, in-class discussions) helped me gain a better
understanding of the class topics.

92.9 7.1 88.3 11.7

Viewing the online videos on my own was less distracting than listening to the
video-conferenced lectures with possible technology glitches or other students
talking with each other, etc.

94.1 5.9 80.8 19.2

I viewed the online videos by the due dates and before coming to class because
I wanted to be prepared for the in-class discussions.

90.6 9.4 80.3 19.7

I viewed the online videos by the due dates and before coming to class because
of the in-class quizzes.

95.3 4.7 87.2 12.8

I think the interactive patient case discussions encouraged class participation
when professors were connected from distance.

89.4 10.6 89.5 10.5

Since the majority of the lectures were available through the online videos, I
felt confident that classes would not be temporarily interrupted because of
technical problems.

85.9 14.1 81.8 18.2

aSome students did not participate in both surveys or respond to all items on the surveys. The number of respondents on individual items varied
between 84 and 85 in the precourse survey, and between 76 and 78, postcourse survey
bAgree5strongly agree, moderately agree and slightly agree; disagree5strongly disagree, moderately disagree and slightly disagree

Table 5. Course Evaluation in 2011 before Course Redesign and in 2012 after Course Redesign

%

2011 (n=59)a 2012 (n=89)

Evaluation Item SA/Ab nb D/SDb SA/A n SD/D pc

The stated objectives of this course were consistently pursued. 98.3 1.7 0 95.5 4.5 0 0.088
The grading system was clearly explained. 79.3 8.6 12.1 92.1 7.9 0 0.019
Attendance in this class was essential to good learning. 88.1 3.4 8.5 90.9 6.8 2.3 0.127
Web-based handouts were valuable supplements to this course. 82.1 10.7 7.1 87.6 9.0 3.4 0.147
This course contributed significantly to my professional growth. 98.3 1.7 0 95.5 4.5 0 0.408
The teaching methods used in this course were appropriate. 62.7 23.7 13.6 72.7 13.6 13.6 0.098
Instruction is well-coordinated among the team teachers. 56.9 25.9 17.2 79.8 14.6 5.6 0.006
Team teaching is effectively used in this course. 66.1 22.0 11.9 78.7 16.9 4.5 0.03
aSome students did not respond to all items on the evaluation. The number of respondents on individual items varied between 53 and 59 in 2011
and between 77 and 89 in 2012
bSA5strongly agree; A5agree; N5neutral; D5disagree; SD5strongly disagree
cResponses on individual Likert items in 2011 and 2012 were compared using Mann-Whitney U test
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Seventy-four of 78 students who completed the post-
course survey provided open-ended comments. Two in-
vestigators analyzed the comments. Three overarching
categories, construct of flipped teaching, faculty effec-
tiveness, and effect on students, and one to five themes
emerged in each category.

Studentswere clear about how they found the flipped
classroom design helpful or unhelpful for their learning
and, thus, either supported or opposed the construct of
flipped teaching. The positive points included the flexi-
bility and convenience of viewing the recordings. Stu-
dents could view and review the recordings as many
times as they needed prior to the face-to-face class ses-
sions and before the examination associated with that
topic. This comment is representative: “I believe the [flip-
ped classroom] was an effective method of teaching that
helped me keep up with the material as well as give me
a resource (the lecture videos) to review at my conve-
nience and pace to prepare for exams.” Another positive
point theymentioned was class time being spent applying
content introduced in the recordings: “I liked having
videos to watch outside of class so that class time would
be used to review patient cases and examples. I found it
easier to learn the material when I came to class because I
already had the background information to use to answer
questions in class.” In contrast, some students opposed the
construct of flipped learning: “I hate that the videos are
mandatory. I like getting the slides in advance. I hate
watching videos because I never have the time. I can read
slides faster than watching vid[eo]s.”

This course was taught by a team of four instructors.
As in face-to-face courses, students found some instruc-
tors more effective than others. The teaching characteris-
tics they found effective included content organization,
clear explanations, shorter recordings, and ability to in-
tegrate recordings with in-class activities. Here is a repre-
sentative comment: “Whether or not the online videos are
a good learning tool is dependent upon the instructor re-
cording them.”

Other themes that emerged involved the effect on
students as they learned using the flipped classroom
model. Students were vocal about the large amount of
time they spent viewing the recordings primarily be-
cause they frequently paused to take notes: “I spendmost
of my time listening to the videos, pausing to write down
all the information that the professor is saying. This ends
up taking an hour per video.” As a result, students per-
ceived that the time requirement of this course was ex-
cessive and felt overwhelmed by managing this course
with others: “I only had time to study for this class and
prevented me from focusing on other classes.” Thus,
students employed strategies that included cursory

review of the recordings for an upcoming class and for-
going viewing new recordings to review past recordings
for an upcoming examination. One student noted “. . .
when I was busy I would put the videos off until Monday
evening. This is after the quiz so I would fail but I would
watch the videos later.” As these negative effects contra-
dict the positive points students noted about the construct
of flipped teaching, we further address this finding in the
Discussion section.

DISCUSSION
In this study, we assessed student performance and

perceptions during the first implementation of a flipped
pharmacotherapy course. Our flipped classroom design
applied the principles of good teaching practice including
active learning through solving patient cases, interactions
among students and interactions between faculty mem-
bers and students during informal small group and large
group discussion, and prompt feedback from multiple
assessments in the online and face-to-face environ-
ments.33 Before the redesign, few students asked any
questions during traditional lectures, and students were
hesitant in elaborating on their answers regarding patient
cases dispersed throughout the lectures. Student disen-
gagement in the traditional lecture model led to the re-
design of this course. After the redesign, most students
viewed the teaching methods favorably and felt engaged
during class time. Student performance also improved
significantly in the redesigned course.

Our findings in performance improvement were
consistent with results from several health science edu-
cation studies that demonstrated improvement in exam-
ination scores and final grades associatedwith the flipped
classroom model.11,17,18,34,35 In our study, the mean
examination scores and the overall grades improved sig-
nificantly after the redesign. Students performed signif-
icantly better on 11 of 27 repeated examination questions
but significantly worse on two of them. The concepts
tested on the two lower performing questions were either
presented briefly during a face-to-face session or were
presented as isolated facts in the online videos without
integrating with face-to-face case discussion. Thus, ef-
fective integration of foundational concepts in the online
videoswith face-to-face patient case discussion is critical
to convey importance of the content to students. The
improvement of the posttest scores from the pretest
scores also demonstrated student learning associated
with the flipped classroom design; yet, students achieved
a mean score of only 12.2 (61%) out of the 20 questions.
The low posttest scores compared with the examination
scores may be associated with a lack of reference infor-
mation such as normal laboratory values on the posttest
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and different student attitudes toward the posttest than
toward examinations. It is also possible that students’
knowledge retention in our flipped classroom design is
still suboptimal.

Overall, students viewed their learning experience
positively, based on the results from the postcourse survey
and course evaluation. However, we found some conflict-
ing comments regarding our flipped classroom design.
Previous studies of flipped classrooms also showedmixed
results on student perceptions. Although some studies
demonstrated student satisfaction with the teaching
methods and student engagement,12,17,18 others showed
that students viewed the course more negatively after the
redesign, reported greater workload, and did not appreci-
ate the value of interactive learning during class
time.11,34,35

Our students appreciated the flexibility of the online
video viewing and the value of interactive face-to-face
case discussions. On the other hand, students were bur-
dened by the amount of time spent on viewing the online
videos thoroughly, by quizzes and examination dates in
relation to the online video due dates, and by the time
commitment of this course and others. Specifically,
a common complaint was the longer time required to view
the videos than their actual lengths because of note-taking.
This experience deserves close consideration as it exem-
plifies student limitations in self-regulated learning,– (ie,
the ability and process of setting learning goals, planning
ways to achieve those goals, self-monitoring and evaluat-
ing the progress, and modifying the plan when necessary)
and perhaps indicate changes they needed to make to their
study habits.36-39

Without effective self-regulated learning, students
do not form new study strategies appropriate for a dif-
ferent learning modality (eg, flipped classroom) and in-
stead carry out the same strategies they have used in
a familiar learning environment (eg, face-to-face lec-
tures).38 In a flipped classroom design such as ours,
where content is mostly delivered through videos, stu-
dents need a new strategy for learning from the videos.
Otherwise, they will employ the strategies for learning
from a book: transcribe the videos to produce a written
record and use the transcript as the source of content.40

Overall, this approach seems inefficient. An educator’s
responsibilities include teaching students how to be
strategic learners in a particular domain,38 and helping
them develop this skill is paramount.41 The burden they
experienced in this new learning modality might ex-
plain the overall postcourse decline in student attitudes
(Table 4).

To address students’ feedback, several aspects of
our flipped classroom design have been modified for

subsequent classes. First, the orientation now includes
guidance on managing the workload of a flipped course:
discussions on note-taking strategies and setting realistic
expectations on the time commitment of the course are
provided. Moving forward, other approaches for devel-
oping self-regulated learning skills will be sought and
incorporated. Second, online videos are now posted at
least four days prior to the face-to-face sessions to allow
adequate study time. Third, the video viewing deadlines
have been adjusted from one day prior to the face-to-face
sessions to the morning of the sessions. Fourth, students
complete all learning activities and the corresponding
examination before advancing to another topic in the
course.

There are some limitations to this study. First, stu-
dent perceptions of flipped courses are affected by com-
fort with and motivation to learn technology skills.42 Our
students are trained to use instructional technology from
enrollment in the program, and 74% of students had taken
an online course previously. The results of this study can-
not be extrapolated to student populations with less com-
fort with technology; however, a national survey showed
a steady increase in online course enrollment in higher
education in the past decade and, therefore, pharmacy
students are likely to be experienced with online learn-
ing.43 Second, this study was limited to the immediate
effect during the first year of implementation of the flip-
ped classroom design. A follow-up study of our research
project will evaluate the reproducibility of improvement
in student performance and perceptions in subsequent
years of implementation, as well as the long-term effect
on retention and application of knowledge. Third, differ-
ent flipped classroom designs have emerged in higher
education, and no single model will meet all educational
needs.5,10

We used short online videos to deliver the founda-
tional content outside the classroom; however, other flip-
ped classroom designs have used reading assignments,
online interactive text, and lecture capture to deliver pre-
class content instruction.11,18,34,44 No studies have com-
pared different flipped classroomdesigns, but somemight
not be as effective as others in a specific setting.45 Future
studies could evaluate which flipped classroom design
is most effective for therapeutic courses in the PharmD
curriculum.

SUMMARY
The flipped classroommodel requires thoughtful in-

tegration of online and face-to-face learning. This study
evaluated a course redesign thst integrated online videos,
face-to-face patient case discussion, and formative as-
sessments in both learning environments in a team-taught,
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integrated pharmacotherapy course in the second-year
PharmD curriculum. Compared with the traditional lec-
ture model, the redesigned course improved student per-
formance and perceptions of the learning experience.
Students found the online videos valuable to their learn-
ing. Further studies are needed to evaluate how to opti-
mize course workload and course administration to allow
broader implementation of the flipped classroom model
into the curriculum.
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