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Abstract
Objective: To compare the effectiveness of teaching a pharmaceutical calculations course using a flipped versus traditional
instructional method.
Methods: For the flipped method, students were required to watch recorded lectures before class, and class time was used for
completing problems. For the traditional method, lectures were delivered in class followed by use of some class time for
completing problems. The course material was divided into sections I and II. In 2011, sections I and II were taught by the
flipped and traditional method, respectively. In 2012, both the sections were taught using the flipped method. Exam 1 and final
exam part A tested the material covered in section I. Exam 2 and final exam part B tested the material covered in section II.
Section II scores were compared between the 2011 and 2012 cohorts. Pre-admission criteria and section I scores were
compared between the two cohorts to assess whether difference in section II scores could be attributed to differences in-class
composition. Student perceptions about the flipped and the traditional instructional method were also examined.
Results: The 2012 cohort (taught by flipped method) achieved a higher score on the section II material (exam 2, p ¼ 0.013 and
final exam part B, p ¼ 0.001) compared to the 2011 cohort (taught by traditional method). Student perception data also
indicated that a majority of students preferred the flipped method over the traditional method.
Conclusion: This study demonstrates that a flipped classroom approach for teaching pharmaceutical calculations can improve
student performance and satisfaction.
r 2016 Published by Elsevier Inc.
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Introduction

The pharmaceutical calculations course is a core require-
ment of the professional pharmacy curriculum.1 The
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development of pharmaceutical calculation skills in students
plays a significant role in building a competent and con-
fident practitioner.2 Pharmacy students should confirm
proficiency in the pharmaceutical calculations course and
this proficiency should then be reinforced throughout the
pharmacy school curriculum. Because of the importance of
pharmaceutical calculations in pharmacy practice, a signifi-
cant portion of the North American Pharmacy Licensure
Examination (NAPLEX) is based on the objectives taught in
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this course, according to the published blueprint of the
exam.2 Proficiency in a significant course like pharmaceut-
ical calculations can be attained by practicing numerous
complex problems multiple times. To increase the number
of problems reviewed requires effective use of time in the
classroom. Hence, it is critical to adopt efficient methods of
teaching and utilize class time in an optimal manner. The
flipped classroom instructional model is one such method
that can be adopted to use class time efficiently. The flipped
classroom instructional model has been utilized by a
number of educators in recent years to encourage student
learning and engagement.3–7 In the flipped classroom
approach utilized for the pharmaceutical calculations
course, the instructor recorded a lecture and made it
available to students prior to class. The students listened
to the recorded lecture and practiced homework problems
prior to class. The pre-recorded lectures (modules) allow
students to learn the material at their own pace and review
the more complex concepts multiple times. This allows
students to come to class with a basic understanding of the
material, so that class time could be utilized for working on
more complex problems in the presence of the instructor. In
the traditional pharmaceutical calculations course setup, the
material was taught to students in the classroom and then
only limited time was available to help students work
through problems of increasing complexity. When home-
work problems were assigned to students, sometimes they
did not have an instructor or peer to help them if they got
stuck with the difficult problems.

The objective of this study was to compare the flipped
classroom model to the traditional instructional model for
teaching a pharmaceutical calculations course. Students
were taught pharmaceutical calculations utilizing pre-
recorded on-line instructional videos (for the flipped class-
room model) or live in-class lectures (for the traditional
method). In this study we examined if there was any
difference in exam scores between students taught using
the flipped classroom instructional model, as compared to
students taught using the traditional teaching method. We
also explored the level of student satisfaction between the
two teaching methodologies.

Methods

Pharmaceutical calculations is a mandatory 2-credit-hour
course for all first-year students at South University School
of Pharmacy (SUSOP). This course is ten weeks long, and
meets two hours per week. Students were expected to attend
all scheduled classes and attendance was taken each class
period. Based on the syllabus, students were required to
attend 85% of the scheduled class periods. If more than
15% of the class periods were missed for any reason, a
failing grade would have been assigned. The material for
this course was divided into two sections (sections I and II)
(Table 1). Achievement of student learning outcomes was
assessed by administering exams 1 and 2 at the end of
sections I and II, respectively, and through a comprehensive
final exam (Table 2). The final exam questions were divided
into two parts (A and B). Final exam part A consisted of
questions related to the material covered under section I of
the course and final exam part B consisted of questions
related to the material covered under section II of the course
(Table 2). All exam questions were short answer or fill in
the blank questions.

This was a team-taught course. In summer 2011, section
I of the pharmaceutical calculations course was taught by
the flipped classroom instructional method by one professor
and section II was taught by the traditional teaching method
by another professor. In summer 2012, both sections I and
II of the course were taught by the flipped classroom
instructional method (Table 2) by the same professors
as 2011.

For the flipped classroom instructional method, pre-
recorded video modules were created by recording lectures
in a classroom using a video content recorder system
available at SUSOP (TelePresence Content Server, Cisco
Systems, Inc.). The instructor delivered a lecture using a
PowerPoint presentation to an empty classroom. The entire
presentation was recorded along with the instructor’s voice.
The system was set up to record only the PowerPoint
presentation on the screen. Annotation equipment was
integrated into the computer which was used to record the
video modules. This consisted of an LCD display and a
wireless pen, with an integrated software (StarBoard T-
17SXL Interactive Display, Hitachi, Ltd.). This equipment
allowed the instructor to annotate slides and work problems
on the screen. After the videos were recorded, the Informa-
tion Technology (IT) department at SUSOP made the videos
available for download by the instructor. The recorded video
files were then exported in mp4 format. This format was
determined to have an appropriate balance of file size and
video quality for the intended delivery to personal computers
through a wireless network. The average size of these files
was 35 MB.

SUSOP uses an electronic classroom management sys-
tem (eCompanion and Pearson Learning Solutions) to
administer courses and distribute course material such as
slides and handouts to students. The mp4 video files
were uploaded to eCompanion, and links were provided
to students for downloading them to their personal com-
puters. The recorded videos (modules) could then be
conveniently viewed offline. All the modules and Power-
Point presentations for the course were uploaded at least
seven days prior to the scheduled lecture. Students were
required to watch the assigned pre-recorded modules prior
to each class and were also instructed to work selected
homework problems from the pharmaceutical calculations
textbook (Ansel,8 13th ed.) prior to class. The homework
problems varied from low-to-moderate difficulty level and
were based on the material covered in the pre-recorded
video modules. The instructor posted step-by-step solutions
to the assigned homework problems as a pdf file on



Table 1
Learning objectives for sections I and II of the pharmaceutical calculations course

Section I: learning objectives (tested in exam 1 and in part A of comprehensive final examination)
Convert among different units and systems of weights and measures used in the practice of pharmacy.
Define percent strength and ratio strength and calculate percent strength and ratio strength of a pharmaceutical preparation.
Apply ratio strength, percent strength, and other expressions of concentration to calculate amount of drug and excipient required for preparing a
compounded medication.

Perform calculations using the aliquot method, and calculate percentage of error in weighing and volumetric measurement.
Calculate density for a substance from measurements of its mass and volume, and calculate specific gravity of a solution from its density.
Given prescription and medication orders and perform calculations necessary for the accurate dispensing and administration of individual
patient doses.

Calculate doses, daily doses, total drug amounts, duration of therapy, and amount of drug product to prepare and dispense for a patient's therapy
regimen.

Given the amount of drug and price per amount, calculate the cost of a drug.

Section II: learning objectives (tested in exam 2 and in part B of comprehensive final examination)

Discuss differences in drug dosing of various populations (primarily geriatric and pediatric), the types of special considerations based on age
and other physiological differences, and carry out pharmaceutical calculations associated with them.

Explain the terms isosmotic, isotonic, hypertonic and hypotonic, and perform calculations to prepare isotonic and isosmotic solutions.
Calculate quantities of buffer salts and solutions required to prepare buffered vehicles for patient dosage forms.
Explain different forms of parenteral administration including intravenous administration, and carry out related calculations such as flow rates,
drip rates, and infusion times.

Describe three main routes of nutrition (oral, enteral, and parenteral), and perform calculations that are associated with preparation of parenteral
products.

Describe different calculation approaches that can be used when enlarging, diluting, or reducing compounded formulas in the pharmacy.
Describe how the alligation method can be used to perform calculations involving mixing of solutions or solids that possess different percent
strengths.

Carry out calculations where powder volume needs to be considered, such as in reconstitution of lyophilized and dry powder drugs to different
strengths, and in compounding of capsules and suppositories.
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eCompanion. Students were encouraged not to refer to the
solutions, unless students could not figure out how to work
a homework problem despite multiple attempts.

Problem sets to be completed by the students during
each class period (in-class problem sets) were developed
prior to the beginning of the course, based on the material in
each pre-recorded module. The in-class problem sets
Table 2
Format of teaching and assessment employed in 2011 and 2012 to gathe

Instructional method in 2011 Instructional

Section I (material
tested on exam 1
and final exam
part A)

Flipped classroom method Flipped class
method

Section II (material
tested on exam 2
and final exam
part B)

Traditional method Flipped class
method

Qualitative assessment Perception survey
was administered
to students at the end
of the quarter in 2011,
to assess their perceptions
of the two instructional
methods
contained questions at a moderate to high difficulty level.
It was emphasized to the students that watching the pre-
recorded video modules was critical to completing the
assigned homework problems from the textbook and being
able to work the in-class problems. eCompanion allowed us
to track the percent of students that downloaded the
modules. In all, 100% of the students downloaded the
r direct and indirect (perception) measure data

method in 2012 Quantitative assessment

room Comparison of exam 1 and final exam part A
scores between 2011 and 2012 cohorts to
determine if student scores changed when
utilizing the same instructional method, due
to change in-class composition

room Comparison of exam 2 and final exam part B
scores between 2011 and 2012 cohorts to
determine if student scores changed when
utilizing a different instructional method
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assigned module prior to each class. When the students met
in class they were allowed to ask questions about the
material covered on the modules, during the first few
minutes. The students were then asked to work the in-
class problems provided to them. The students were
encouraged to discuss the problems with their classmates.
The instructor also interacted with the students on an
individual basis during this time to guide them in complet-
ing the assigned problem. After a defined period of time,
depending on the difficulty of the question, individual
students were randomly chosen to explain their solutions
to the class using a document camera. This ensured that
each student knew the correct answer to each of the
problems in the class exercises and step-by-step method
by which the solution was derived. The instructor explained
how to work out very difficult questions and clarified any
solutions that were not clear. An online quiz using
eCompanion was administered during the final ten minutes
of each class period. The quizzes provided an incentive for
students to watch the assigned modules before class and be
attentive in class while working on the in-class problem
sets. These were graded quizzes and the grade was added to
the final course grade. The quizzes made up 12% of the
final course grade.

In the case of the traditional teaching method, the
lectures were not recorded. The instructor lectured in class
during the first 30 minutes. The theory and concepts related
to a specific topic were covered in detail during this part of
the class. The instructor also solved some related problems
on the document camera during this part of the class to
explain different methods of solving different types of
problems. During the next 20 minutes, the students worked
on in-class problem sets that contained problems related to
the concepts covered in class. During this time the instructor
went around and helped students who needed assistance.
The problems were then solved in a stepwise manner on the
document camera system. This was done to make sure the
students got to the right answer using the correct approach.
The students were also given several homework problems
related to the material covered in class that they were
supposed to work on at home. A quiz was administered in
the last ten minutes of the class. The quizzes provided an
incentive for students to be attentive in class. These were
graded quizzes and the grade was added to the final course
grade. The quizzes made up 12% of the final course grade.
Table 3 indicates the different assignments that were
covered under each of the teaching methodologies.

Both direct and indirect measures were used to evaluate
effectiveness of the flipped classroom instructional method.
Examination scores were used as a direct measure of student
learning. To determine if there was a difference in student
performance when students were taught the same material
(section II) using different instructional methods, student
exam 2 scores were compared between students taught
using the flipped classroom method (2012 cohort) versus
those taught by the traditional teaching method (2011
cohort). Final exam part B scores were also compared
between students taught the material (section II) by the
flipped classroom method (2012 cohort) versus those taught
by the traditional teaching method (2011 cohort) (, Tables 2
and 4). To determine if the difference in student perform-
ance stemmed solely from a difference in instructional
methods and not due to differences in-class composition
between the 2012 and 2011 cohorts, exam 1 and final exam
part A scores were also compared between the 2012 and
2011 cohorts, exposed to the same material (section I) and
teaching method (flipped classroom method), (Tables 2
and 5). The lecture material for section II was the same for
the 2011 cohort (taught by traditional method) versus 2012
cohort (taught by flipped method) (Table 2) and was
educated by the same professor for the two years (2011
and 2012). Similarly, the lecture material for section I was
the same for the 2011 and 2012 cohorts both taught by
flipped method by the same professor for the two years
(Table 2). The same professors taught the material and
created the exams for the two years. The exams were
created at a similar difficulty level in both years.

In 2011, when students were exposed to both the flipped
classroom method and traditional teaching method in the
pharmaceutical calculations course, a 5-point Likert scale
(disagree–agree response scale) anonymous survey instru-
ment was administered at the end of the course to compare
student perceptions of the flipped classroom and traditional
teaching methods. (Tables 2 and 6). Students provided
feedback on how the flipped classroom and traditional
teaching methods helped them understand the course
material and prepare for exams. An additional question
asked students to choose which of the two teaching methods
was preferred by them. Student comments were also
collected as part of the scheduled end-of-course evaluations
to study their perceptions of the flipped classroom and
traditional teaching methods.

Statistical analysis

Independent t-tests were used to compare exam 2 scores
between students taught using the flipped classroom method
(2012 cohort) versus those taught using the traditional teaching
method (2011 cohort). Similarly, independent t-tests were used
to compare final exam part B scores between students taught by
the flipped classroom method (2012 cohort) versus those taught
by the traditional teaching method (2011 cohort). Independent t-
tests were also conducted to find statistically significant differ-
ences in exam 1 and final exam part A scores between the 2012
and 2011 cohorts. Fischer’s exact tests were used to compare
the proportion of student who failed between exam 1 2012
versus 2011, exam 2 2012 versus 2011, final exam part A 2012
versus 2011, and final exam part B 2012 versus 2011. Since
both cohorts were taught section I material using the same
instructional method (flipped classroom method), this compar-
ison could help identify if difference in performance between
the two cohorts on section II could be simply attributed to



Table 3
The design of teaching used for each of the teaching methods

Flipped classroom method Traditional teaching method

Faculty posted the following material seven days prior to the
scheduled lecture

The lectures were not recorded.

Pre-recorded video modules (40–60 minutes duration) and No video modules were posted before or after the in-class lecture.
Power Point presentations for each lecture. Homework problems were posted only after the in-class lecture.
The homework problems (low-to-moderate difficulty level) based
on the material covered in the pre-recorded video modules.

Power Point presentations for each lecture were posted 24 hours before
class.

Assignments for the students before class The student did not have to complete any assignment before class
To watch the pre-recorded video modules.
To practice the assigned homework problems.

In-class activities (during a 60 minute class) In-class Activities (during a 60 minute class)
First 20 minutes—the instructor lectured in class.

First five minutes of class—students asked questions related to
the material covered on the modules.

Next 20 minutes—students solved in-class problems of
moderate to high difficulty level.

Next 30 minutes—students solved in-class problems of moderate
to high difficulty level.
Students could discuss the problems with their classmates. Students could discuss the problems with their classmates

The instructor helped the students (on individual basis) if
they had questions related to in-class problems.

The instructor helped the students (on individual basis) if they
had questions related to in-class problems.

Next ten minutes—the problems were solved in a stepwise
manner on the document camera system.

Next 15 minutes—the problems were solved in a stepwise manner
on the document camera system.

Last ten minutes—an online quiz using eCompanion was
administered.

Last ten minutes—an online quiz using eCompanion was
administered.

The students were also given several homework problems
related to the material covered in class that they were
supposed to work on at home.

(Note: The times mentioned here are approximate since some problem
sets took more or less time than others)

(Note: The times mentioned here are approximate since some problem
sets took more or less time than others)
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difference in-class composition or the instructional methods
used. An α value of 0.05 was established a priori to test
significance. SPSS, version 21 (IBM Corp. Released 2012.) was
used to analyze the data. This study was approved by the South
University Institutional Review Board (IRB).

Results

The 2012 cohort was made up of 151 students; the 2011
cohort was made up of 165 students. The 2012 cohort
Table 4
Comparison of exam scores between students taught by the flipped class
cohort)

Flipped cla
2012 coho

Exam 2 scores 81.0
Standard deviation 11.0
Range 44–100
Percentage of students that failed (number of students) 11% (16)
Final exam part B scores 88.3
Standard deviation 9.5
Range 44–100
Percentage of students that failed (number of students) 3% (5)
taught by the flipped classroom method achieved signifi-
cantly higher scores on exam 2 (81.0 � 11.0) compared to
the 2011 cohort taught by traditional teaching method (77.6
� 12.7), p = 0.013 (Table 4). Student scores on the final
exam part B were also significantly higher for the 2012
cohort that was taught using the flipped classroom method
(88.3 � 9.5), compared to the 2011 cohort that was taught
using the traditional teaching method (84.1 � 11.3), p ¼
0.001 (Table 4). To determine whether the improved
performance of the 2012 cohort on exam 2 and final exam
room (2012 cohort) versus the traditional teaching method (2011

ssroom method
rt (n ¼ 151)

Traditional teaching method
2011 cohort (n ¼ 165) p Value

77.6 0.013
12.7
42.5–100
15% (24) 0.314
84.1 0.001
11.3
42–100
7% (11) 0.208



Table 5
Comparison of exam 1 and final exam part A scores between the 2012 and 2011 cohorts (both taught section I using the flipped class approach)

2012 Cohort (n ¼ 151) 2011 Cohort (n ¼ 165) p Value

Exam 1 scores 75 83.9 o0.001
Standard deviation 14.5 11.4
Range 36.7–100 51–100
Percentage of students that failed (number of students) 23% (35) 8% (14) o0.001
Final exam part A scores 87.6 90.3 0.015
Standard deviation 11.6 7.3
Range 40–100 58–100
Percentage of students that failed (number of students) 3% (4) 1% (1) 0.195
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part B was due to the fact that the 2012 cohort was taught
by the flipped classroom method and not due to a difference
in student composition, exam 1 scores and final exam part A
scores were compared between the 2011 and 2012 cohorts.
Exam 1 and final exam part A tested the same material
(section I) in both years taught by the same method (i.e.,
flipped classroom instructional method). Student scores on
exam 1 in 2012 (75 � 14.5) were in fact lower than the
exam 1 scores in 2011 (83.9 � 11.4), p o 0.001 (Table 5).
The student scores on final exam part A in 2012 (87.6 �
11.6) were also lower compared to student scores on final
exam part A in 2011 (90.3 � 7.3), p ¼ 0.015 (Table 5).

Results from the student perception survey indicated that
a greater number of students perceived that a flipped
classroom format helped them better understand the mate-
rial and prepare for the exams, as compared to a traditional
teaching method. While a majority of the class (76.1% of
students) agreed or strongly agreed that a traditional
teaching method helped them understand the material, a
larger percentage of students (85.1%) agreed or strongly
agreed that a flipped classroom method helped them under-
stand the material (Table 6). Also, 83.5% of the students
agreed or strongly agreed that watching pre-recorded lecture
modules, used in the flipped method helped them prepare
for the exams, whereas 74.8% of the students agreed or
strongly agreed that a traditional teaching method helped
Table 6
Student perceptions about the flipped classroom method and the tradition

Survey item
Response
rate (%) Strongly agree

Pre-recorded lecture modules followed
by in-class practice problems (flipped
classroom method) helped me
understand the material

73.3 70.2% (85)

Traditional lecture format followed by
in-class practice problems (traditional
teaching method) helped me
understand the material

73.3 48.8% (59)

Watching pre-recorded lecture modules
helped me prepare for exams

73.3 64.5% (78)

Traditional lecture format helped me
prepare for exams

72.1 37.0% (44)
them prepare for the exams (Table 6). When students were
asked to choose which one of the two teaching methods
they preferred, 73% of the students indicated that they
preferred a flipped classroom method, while 27% of the
students indicated that they preferred a traditional teaching
method (Fig.).

In addition to the survey questions described above,
additional student comments were collected as part of the
course evaluations, which are conducted at the end of every
course at SUSOP. Several students indicated that they found
the pre-recorded video modules used in the flipped class-
room instructional method to be very effective and helpful
in learning the material. Students indicated that the modules
enabled them to learn at their own pace and allowed them to
watch a topic multiple times, if they did not understand a
particular topic. Some students reported the main challenge
they faced in the traditional teaching method was that they
were expected to start applying the concepts and solving
problems right after the concepts were introduced, as
opposed to the flipped classroom where they felt that they
had enough time to assimilate the concepts by watching pre-
recorded videos prior to class. Students also said that they
appreciated the extra time available in class for solving
problems with their peers and instructor in the flipped
classroom method. A limited number of students preferred
the traditional teaching method compared to the flipped
al teaching method

Agree Undecided Disagree
Strongly
disagree

14.9% (18) 5.8% (7) 5.8% (7) 3.3% (4)

27.3% (33) 6.6% (8) 14.9% (18) 2.5% (3)

19.0% (23) 5.8% (7) 6.6% (8) 4.1% (5)

37.8% (45) 6.7% (8) 16.0% (19) 2.5% (3)



Flipped 
Classroom 

Instructional 
Method 
72.5%

Traditional 
Teaching Method

27.5%

Teaching Method Preferred by Students

Fig. Student response to which one of the two teaching methods
(flipped classroom instructional method or the traditional teaching
method) was preferred overall. (Administered to the 2011 cohort, n
¼ 165, response rate ¼ 72.7%).

Table 7
Comparison of GPA and PCAT between the 2012 and 2011 cohort

2012 Cohort 2011 Cohort

Math GPA mean 3.1 3.2
Science GPA mean 3.2 3.1
Cumulative GPA mean 3.2 3.3
Quantitative PCAT mean 41 42
PCAT composite mean 43 44
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method. Students who preferred the traditional method
wrote in the comments that watching the modules took a
lot of additional time, and this is likely the main reason they
preferred the traditional teaching method. Consistent with
our student perception survey, a majority of students
commented very positively on the flipped classroom method
while a few students indicated that they preferred the
traditional teaching method, where class time was used
for lecture and covering concepts.
Discussion

The aim of our study was to compare the effectiveness
of teaching a pharmaceutical calculations course using the
flipped classroom instructional method to the traditional
teaching method. Student performance indicated that exam
scores for the 2012 cohort were higher for both exam 2 and
final exam part B, when the material (section II) was taught
by the flipped classroom instructional method compared to
the scores for the 2011 cohort that were taught the same
material (section II) by the traditional teaching method. The
improved performance on exam 2 and final exam part B in
the 2012 cohort solely due to student composition (in 2012
versus 2011) is unlikely, as the 2012 cohort achieved a
lower score on exam 1 and final exam part A (section I
material) compared to exam 1 and final exam part A scores
achieved by the 2011 cohort, when both the 2012 and 2011
cohorts were taught the same material (section I) using the
same method (flipped method) (Table 2). We also looked at
demographic characteristics, entering math GPA, science
GPA, cumulative GPA, quantitative PCAT, and PCAT
composite scores to see if there were any noteworthy
differences between the 2012 and 2011 cohorts (Table 7).
Most of the students in both the 2012 and 2011 cohorts
were in the age range of 22–29 years, and the entering math
GPA, science GPA, cumulative GPA, quantitative PCAT,
and PCAT composite scores for both cohorts were com-
parable. These results indicate that when the material and
the teaching methods employed were kept constant, the
academic performance of the 2012 cohort in pharmaceutical
calculations was lower than the 2011 cohort. However,
possibly owing to the fact that the flipped classroom method
was used in 2012, the scores on exam 2 and final exam part
B were significantly higher compared to the 2011 scores
(when the traditional method was used). Collectively, the
data suggest that students performed better on the exams in
a calculations course, when they were taught using a flipped
format compared to when they were taught the material
using a traditional format.

The indirect measure based on student perceptions was
in agreement with the student performance on exams. While
a majority of students do feel that they understand the
material and are prepared for exams using a traditional
format, a higher percentage felt that a flipped format helped
them understand the material and prepare for exams. When
students were asked to choose between a flipped format and
a traditional format, 72.5% of students chose the flipped
class format. The student comments collected as part of the
course evaluations describe some of the reasons why a
higher number of students might have indicated that they
preferred the flipped format. Another reason that a higher
number of students might have indicated that they prefer the
flipped class format is that a majority of students enrolled in
our classes were Millennials (students who were born from
1980 to 1991), who prefer active learning methods and
working collaboratively.9 The timing of when the survey
was administered may have also influenced the instructional
method that students indicated as their preferred method.
The perception survey was administered to students in 2011
after they had received their exam 1 (83.9 � 11.4) and
exam 2 (77.6 � 12.7) scores. Since students knew that they
had achieved higher scores on exam 1, when material was
covered using the flipped format, this knowledge may have
influenced the survey results. In-class lectures delivered in
the traditional format were not recorded. It is possible that
providing recordings of in-class lectures during the tradi-
tional format may influence student perceptions of the
traditional format.

We were not able to track the amount of time students
spent working on the course material when taught using the
flipped and the traditional formats. It is possible that students
performed better on the calculations exam when taught
using the flipped format, as they spent a higher amount of
time working on the course. However, it is also possible
that students were able to gain much more out of the class
time when they came prepared to class with a basic under-
standing of the material through the pre-recorded modules,
as described by students in their course evaluations.
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Pre-recorded video modules used in the flipped classroom
instructional model enabled students to learn at their own
pace and view a topic multiple times. When students were
stuck while solving a problem they could watch sample
problems completed by the instructor in the pre-recorded
module to figure out where they were making errors. The
authors believe that the availability of the instructors and
peers while solving problems in class further helped students
in learning the material. An additional advantage of utilizing
the flipped classroom approach was that it was relatively
easier to offer course remediation when pre-recorded mod-
ules were available for the students to review.

While this study documents some of the advantages of
adopting a flipped classroom approach for a pharmaceutical
calculations course, it is important to consider some issues
when moving to this format. It is unlikely that a particular
teaching method would suit the needs of all students as we
found through our perception survey. Overall, the flipped
classroom instructional model also required more course
development time as compared to the traditional teaching
method. The initial time commitment for making the pre-
recorded video modules was extensive. However, in sub-
sequent offerings of the course, the instructors spent less
time preparing for the course as pre-recorded modules were
already developed and only required a few revisions and
updates.

Conclusion

The flipped classroom instructional model is gaining
recognition in a wide variety of academic settings as an
approach to promote student-centered active learning.10 We
examined the effectiveness of a flipped classroom approach
in a pharmaceutical calculations course. Pre-recorded video
modules were provided to students to help them learn at
their own pace and gain a better understanding of the course
material. Class time was then utilized by students for
solving in-class problems in the presence of their peers
and the course instructor. Students achieved statistically
significant higher scores on the pharmaceutical calculations
exams when the material was taught using a flipped format.
Students also indicated a preference for the flipped class-
room instructional model over the traditional teaching
method. This study shows that a carefully designed flipped
pharmaceutical calculations course can lead to an improve-
ment in student scores and satisfaction.
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