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Objective. To examine the evidence of the effectiveness of flipped classroom compared to traditional

lecture.

Methods. Experimental and observational studies were included and obtained through searches of
PubMed, Education Resources Information Center (ERIC), and Google Scholar. Publications from
January 1, 2000 through July 1, 2017 were included. Studies were eligible for this research if: (a) the
study compared student outcomes using flipped classroom versus lecture and (b) at least one outcome
measure was final examination score or final course score. This analysis used a random effects model
with weighted mean difference (WMD) as the outcome.

Results. Six studies were included in the qualitative synthesis and five were included in the quantitative
synthesis. To date, there has only been one prospective randomized comparison of flipped classroom to
lecture in student pharmacist education. When comparing final examination scores, there was no
significant difference between flipped classroom and lecture based instruction. Only two studies
examined the effect of flipped classroom compared to lecture on final course score. This analysis also

found no significant difference.

Conclusion. Despite a lack of prospective randomized studies, findings from this meta-analysis sug-
gest that flipped classroom may be associated with minimal gains in student knowledge compared to
lecture. These findings are important because previous research has estimated that the flipped class-
room requires more time to develop and implement. Future studies using prospective randomized
designs need to be conducted before widespread adoption.
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INTRODUCTION

The flipped classroom is an innovative teaching
methodology that is growing in popularity.' Formally in-
troduced in 1998, the flipped classroom “flips” the lecture
from occurring within the classroom to being delivered
outside of class meetings. This design allows time for
active learning and “homework” to be completed during
class meetings.”™ The in-class activities are meant to fo-
cus students on content application for them to gain a bet-
ter understanding of the material being taught. These
activities could be individual or collaborative and move
the instructor from being a knowledge source to a facili-
tator of student learning.'*
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The flipped model has recently become a popular in-
structional model within medical, nursing, and pharmacy
education because of the promise of enhancing student un-
derstanding of material through active learning.'>* How-
ever, there are several practical problems associated with
this technique, the most pressing of which is faculty time.’
Existing literature, although limited, suggests that flipping
a class requires considerably more faculty time and re-
sources in order to be effectively delivered.”” McLaughlin
and colleagues estimated that in order to “flip” a class, a pro-
fessor would have to invest 127% more time for course
development and management. After initial development,
the same group found that after the initial development time,
the flipped classroom requires 57% more time to maintain
compared to a lecture course. These problems may be com-
pounded in health profession programs without access to
graduate students, teaching assistants, and instructional
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designers.5 Further, the evidence is mixed on the effective-
ness of the flipped classroom when compared to lecture in
individual studies."*

Recent systematic reviews in medical and nursing
education have shown that lecture may be just as effec-
tive as the flipped classroom.”'? However, there have
been no such reviews reported in pharmacy education.
Further, there has not been a formal meta-analysis of the
effectiveness of flipped classroom compared to lecture
in any health profession. Therefore, the objective of this
study is to answer this research question in student phar-
macist education: what is the published evidence re-
garding the effectiveness of flipped classroom versus
traditional lecture on student pharmacist educational
outcomes?

METHODS

The authors developed and refined a review protocol
using the Preferred Reporting Items for Systematic Re-
views and Meta-Analyses guidelines.'' The following
databases were searched to find eligible studies: PubMed,
Education Resource Information Center (ERIC), and
Google Scholar. Because educational literature is much
more dispersed than biomedical literature, two investiga-
tors of this study examined the databases of the most
widely read pharmacy and medical journals. The journals
selected were Academic Medicine, Medical Education,
Medical Teacher, American Journal of Pharmaceutical
Education, and Currents in Pharmacy Teaching and
Learning. The PubMed search strategy was: team-based
learning [All Fields] OR “flipped classroom” [All Fields]
OR “blended learning” [All Fields] AND (“pharmacy”
[MeSH Terms] OR “pharmacy” [All Fields] OR “phar-
macies” [MeSH Terms] OR “pharmacies” [All Fields]).
The publication dates for the included studies were be-
tween January 1, 2000 and July 1, 2017. The search was
restricted to studies published in English and studies that
included student pharmacists. The databases were last
searched for this study on August 11, 2017. Study authors
were contacted for information that was not presented in
the included study, most often the standard deviation of
exam scores.

Eligible studies in this research consisted of experi-
mental and observational studies. Studies were eligible
for this research if: the study compared the flipped class-
room to traditional lecture, the study population was stu-
dent pharmacists, and at least one student outcome was
final examination score, average examination grade, and/
or final numeric course score. To ensure accurate com-
parisons, studies were excluded from this research if the
study compared more than one year of the same course in
the same study without differentiating between years.
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Additionally, to reduce the possibility that one study
would carry more weight and bias the results of the
meta-analysis, author lists, course subject matter, and
years examined to the other included studies were com-
pared. When there were multiple publications from the
same study, the larger study was included. Studies were
excluded from this research if: the examination(s) were
a subset of larger examinations, did not compare a flipped
classroom approach, examination questions were com-
bined by Bloom’s taxonomy, which makes it impossible
to compare two years of the same exam, or did not com-
pare student pharmacist outcomes with traditional lec-
ture. Finally, studies that examined a lecture or a very
short sequence of lectures that were a small part of a larger
course were excluded.

Two investigators independently screened study ti-
tles using the above inclusion criteria. Studies whose titles
indicated the study may be eligible for inclusion then had
the abstract screened. Finally, if the abstract indicated the
study may be eligible for inclusion, then the full text was
reviewed. After identifying eligible studies, the same in-
vestigators independently searched through the included
studies’ reference lists to identify studies that were not
included in the original database search. Disagreements
were resolved through consensus.

The following information were extracted from
each study: study design (experimental or observa-
tional), course topic, course length, number of semester
credit hours, number of student pharmacists included in
the study, student pharmacist outcome(s) measured, de-
scription of the intervention, and student population.
The two investigators also met continuously throughout
the data extraction process to ensure consistency and
reliability of findings.

Two investigators independently conducted a bias as-
sessment for each study using the risk of bias tool from the
Cochrane Handbook for Systematic Reviews of Interven-
tions.!? This tool assesses selection bias, detection bias,
attrition, and reporting bias. In each category, studies were
identified as having low risk of bias, high risk of bias, or
unclear risk of bias. All studies were included in this re-
search regardless of risk of bias to ensure the most compre-
hensive research of the literature possible. The investigators
met to discuss the risk of bias to ensure consistent measure-
ment and resolved discrepancies through discussion.

All analyses were conducted in Review Manager
v5.3 (Copenhagen, Denmark). For both primary out-
comes, a qualitative review was performed to summarize
the evidence. The outcomes were stratified by type of
outcome examined. Further, a random effects model
was used to estimate the impact of flipped classroom
versus lecture. A random effects model was chosen
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instead of a fixed effects model because of the investiga-
tors’ belief that due to various factors in education (eg,
heterogeneity of courses and instructor teaching skill)
there is no common effect size across all studies. For all
analyses, a weighted mean difference (WMD) based on
the mean final examination score (percentage out of
100%), and mean final numeric course score (percentage
out of 100%) were used.

RESULTS

There were 208 titles, 55 abstracts, 23 full-text arti-
cles, and six studies screened for the qualitative synthesis
(Figure 1).'%13-1% Six studies compared flipped class-
room to lecture on final examination scores, of which two
examined the final numeric course score. Among the six
included studies, one was a prospective, parallel-group
randomized controlled trial that compared flipped class-
room to lecture." The number of student pharmacists in
each study ranged from 70 to 316. All but two reports
indicated that the lecture sections consisted of lectures
accompanied by active learning.

The first study that examined the flipped model in
pharmacy education that was included in the research

was in 2014, while 2016 had the most publications ex-
amining flipped classroom in pharmacy education. The
flipped classroom and lecture comparison has been ex-
amined in pharmaceutical calculations (two studies),
drug information (one study), drug information and lit-
erature evaluation (one study), pharmaceutics (one
study), and over-the-counter pharmacotherapy (one
study). Table 1 presents the extracted information for
each study and Table 2 presents the Cochrane Risk of
Bias assessment.

Six studies compared the final examination scores of
student pharmacists using flipped classroom and lecture.
One study used a prospective, parallel-group randomized
controlled trial to evaluate flipped classroom to lecture.
The other five studies used observational designs to com-
pare the two models, so the decision was made to include
the Anderson study in the qualitative synthesis but not the
quantitative synthesis.">%%*2° Anderson and colleagues
found that students in the flipped model performed sig-
nificantly better on a high-stakes final examination by 9.5
percentage points (p=.02).! However, when comparing
the same outcome six months post-course completion,
Anderson and colleagues found no significant difference
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Figure 1. PRISMA Search Strategy.

435




American Journal of Pharmaceutical Education 2018; 82 (5) Article 6898.

Table 1. Included Studies’ Data Extraction

Authors Year Study Design Course Topic Length of Course Semester Credit Hours
Anderson' 2017 Experimental Pharmaceutical 6 weeks Not discussed in article,
Calculations total of 16 hours
for each group
Hughes®’ 2016 Observational Drug Information 5 weeks 1
Wilson®® 2016 Observational Pharmacotherapy-Over-the- Semester 2
Counter
Cotta®’ 2016 Observational Pharmaceutical 10 weeks 2
Calculations
Suda® 2014 Observational Drug Information & Semester 3
Literature Evaluation
McLaughlin® 2014 Observational Basic Pharmaceutics 11 Semester Not discussed in article
Number of Student Student Pharmacist Student
Pharmacists Included Outcome(s) Measured Intervention population

FC=38; TL=32

FC=106; TL=107

FC=102; TL=95

FC=151; TL=165

Final Exam; Re-Test 6
months later

Final Exam; Student
Learning Preferences;
Numeric Course
Grade

Exam 1 Mean Score;
Exam 2 Mean Score;
Final Exam Mean
Score; Student
Perceptions

Exam 2 Mean Score;
Final Exam Part B
scores; Student
Perceptions

Flipped Classroom: pre-work for each class

meeting (lectures, reading assignments,
group/individual activities), student readiness
assessments, active-learning, 100 minutes per
session. Control: Lecture and modeling of
problems, 50 minutes per session

Flipped Classroom: Asynchronous didactic

content delivery (6-12 minutes in duration,
85 minutes per week) student readiness
assessment at end of each video lecture.
Historical Control: Not discussed

Flipped Classroom: Required pre-class reading

assignments (textbooks, review articles, etc.),
readiness assurance quizzes (individual and
group), active learning and application
activities. Historical Control: Suggested pre-
class reading assignments, lecture with active
learning

Flipped Classroom: Required recorded lectures,

homework problems from text, in-class
problem sets, in-class quizzes. Historical
Control: Lecture, modeling, in-class
problem-sets, homework problems, in-class
quizzes

First professional
year

First professional
year

Not discussed in
article

First professional
year

FC=143; TL=176 Midterm exam scores; Flipped Classroom: Pre-recorded video Third professional
final exam scores; lectures, team-based active learning year
Numeric course activities, student readiness quizzes
grades; Course (individual and team). Historical Control:
evaluations Live lectures, active learning recitations
(Continued)
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Table 1. (Continued)

Number of Student
Pharmacists Included

Student Pharmacist
Outcome(s) Measured

Student

Intervention population

FC=162; TL=153 Pre- and post-
perception survey;
Final exam scores;

Course evaluations

Flipped Classroom: Self-paced online videos,
background readings, four active learning
exercises per class, quizzes, microlectures.
Historical Control: Lecture with occasional

First professional
year

active learning activities (quiz or pair and

share)

Abbreviations: FC = flipped classroom, TL = traditional lecture

between those in the flipped classroom and lecture (FC=82%,
TL=78.2%, p=.19)." Suda and colleagues found a de-
crease of 2.35 points on the final examination after in-
stituting the flipped classroom in their drug information
and literature evaluation course, which was not statistically
significant.® However, students scored 3 points higher on
their overall course grade compared to the previous lecture
course (p<<.01). McLaughlin and colleagues found an
increase of 2.71 percentage points on the final examina-
tion grade after implementing the flipped classroom
(p<<.01). Hughes and colleagues found that mean final
exam scores increased by more than 4 percentage points
(p<<.05) after introducing the intervention, but found
a small, non-significant decrease in final course grade
(-0.4%)." Cotta and colleagues showed that after imple-
menting flipped classroom intervention, students scored sig-
nificantly higher on the final exam than students in lecture
(4.2 point increase).'” Finally, Wilson and colleagues found
that students in the flipped model scored 6.1 percentage
points higher than students in the lecture course ( p<<.01).'*

Meta-analysis findings (Table 3 and Figure 2) indicate
there was not a statistically significant difference on final

Table 2. Cochrane Risk of Bias

examination scores comparing the two educational models
in observational study designs (WMD=2.90, 95% Confi-
dence Interval (CI): -0.02-5.81, p=.05). The I* statistic
(I’=91%) indicates high heterogeneity among the studies
and the funnel plot indicates asymmetry in the analysis
(results not shown). However, an ad hoc analysis which
added the Anderson and colleagues’ study to the quan-
titative synthesis found a significant difference in favor
of flipped classroom (WMD=3.44, 95% CI=0.60-6.27,
p=.02).

Similar to the meta-analytic results for final exam-
ination scores, there was no significant difference (Table
4 and Figure 3) between final numeric course scores
when comparing the flipped classroom to lecture
(WMD=1.26, 95% CI:-2.07-4.59, p=.46). The I” statis-
tic (I’=94%) indicates high heterogeneity among the
studies and the funnel plot indicated asymmetry (results
not shown).

DISCUSSION
This meta-analysis is the first to examine the effec-
tiveness of the flipped classroom compared to lecture and

Incomplete
Random Allocation Blinding of Blinding of Outcome Selective
Sequence Concealment Participants and Outcome Data Reporting
Study or Generation (Selection Personnel Assessment (Attrition (Reporting Other
Subgroup (Selection Bias) Bias) (Performance Bias) (Detection Bias) Bias) Bias) Bias
Anderson, + + ? + + + -
2017
McLaughlin, - - + + + ? ?
2014
Suda, 2014 - - + + + + ?
Hughes, 2016 - - + + ? + ?
Wilson, 2016 - - + + + ? -
Cotta, 2016 - - + + + + +
Low risk of bias +
High risk of bias -

Unclear bias risk ?
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Table 3. Quantitative Synthesis Comparing Flipped Classroom to Lecture on Mean Final Exam Score

Flipped Classroom Lecture Mean Difference
Study or Subgroup M (SD) Total M (SD) Total Weight (%) IV, Random, 95% CI
Suda, 2014 85.5 (7.65) 143 87.85 (8.09) 176 20.6 -2.35 [-4.08 - -0.62]
McLaughlin, 2014 82.74 (6.67) 162 80.03 (7.33) 153 20.9 271 [1.16 - 4.26]
Hughes, 2016 88.99 (8.19) 127 84.87 (9.42) 121 19.7 4.12[1.92 - 6.32]
Cotta, 2016 88.3 (9.5) 151 84.1 (11.3) 165 19.5 4.20 [1.90 - 6.50]
Wilson, 2016 86.7 (7.56) 102 80.6 (8.88) 95 19.4 6.10 [3.79 - 8.41]
Anderson, 2017 71.3 (14.7) 38 61.8 (17.7) 32 0.00 9.50 [1.79 - 17.21]
Total (95% CI) 685% 710% 100 2.90 [-0.02 - 5.81]°

Heterogeneity: Tau?=9.96; Chi*=43.58, df=4 (p<.01); ’=91%"

*Does not include Anderson 2017 in total; IV=Inverse Variance

the first to also examine student pharmacist educational
outcomes. Final examination scores and final numeric
course scores were considered. There was no statistically
significant difference for either outcome among included
studies. However, there was a consistently small positive
overall effect for using flipped classroom compared to lec-
ture in pharmacy education, usually representing a 1.3% to
3.4% increase in student pharmacist performance in indi-
vidual studies. Examination of study heterogeneity and the
funnel plot on both outcomes should moderate the infer-
ences that can be made about the effectiveness of the flip-
ped classroom in pharmacy education. Systematic reviews
inmedical and nursing education have found similar results
to our study.”'® The strength of our findings however
should be examined with caution, as only one study used
a prospective, randomized controlled trial to examine stu-
dent pharmacist outcomes and this study was not included
in the initial analysis."

The results of educational studies in the health sci-
ences and undergraduate literature assessing the effec-
tiveness of the flipped classroom may be disappointing
to pharmacy educators who may have invested significant

Study Mean Difference IV, Random, 95% CI
Suda 2014 ——
McLaughlin 2014 ——
Hughes 2016 R —
Cotta 2016 SR T—
Wilson 2016 ——
Anderson 2017
—=sggE—
a2 2.4
Favors Lecture Favors Flipped
Classroom

Heterogeneity: Tau?=9.96; Chi’=43.58, df=4 (p<.01); I’=91%
Test for overall effect: Z=1.95, p=.05

IV=Inverse Variance

Figure 2. Forest Plot of Quantitative Synthesis Comparing
Flipped Classroom to Traditional Lecture on Mean Final
Exam Score.

time and resources while expecting a greater return on
their investment. Previous studies in undergraduate re-
search similarly found that there was no statistically sig-
nificant effect between lecture with active learning and
the flipped classroom.'® All but two studies in our re-
search indicated that active learning was used in conjunc-
tion with lecture. Similar to Jensen and colleagues’
findings, this analysis found that there does not appear
to be a significant difference between lecture and flipped
classroom in pharmacy education, in terms of student
outcomes.

Other factors may attenuate the potential gains from
more active learning in the flipped classroom, such as stu-
dent preparation. Student preparation is a key moderator of
the effectiveness of the flipped classroom because the
model assumes that students have prepared for the material
by completing and reviewing all assigned pre-work. If stu-
dents fail to prepare, the instructor loses class time (and
active learning time) by having to review or teach those
concepts that were already addressed through the pre-
work. Moreover, it is unlikely that students will be able
to derive much benefit from active learning exercises with
little to no background knowledge.

While results comparing flipped classroom to lec-
ture are inconclusive based on student pharmacist out-
comes, the concerns about faculty and student time
remain. In almost all pharmacy schools and colleges,
faculty are required to conduct research, engage in clin-
ical care (if applicable), and provide service to the pro-
fession and school. Ifa faculty member wishes to “flip” the
classroom, the school’s administrators would likely need to
accept trade-offs in terms of reduced research productivity
(including less grant funding) and reduced clinical and ser-
vice time. This is especially true in regards to promotion
and tenure. Alternatively, schools could invest in addi-
tional faculty or a combination of faculty/instructors and
graduate assistants in order to manage faculty teaching
load.
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Table 4. Quantitative Synthesis Comparing Flipped Classroom to Traditional Lecture on Final Numeric Course Score

Flipped Classroom Lecture Mean Difference
Study or Subgroup M (SD) Total M (SD) Total Weight (%) IV, Random, 95% CI
Hughes, 2016 93.63 (3.51) 127 94.03 (3.47) 121 51.2 -0.40 [-1.27 - 0.47]
Suda, 2014 97.95 (4) 143 94.95 (8) 176 48.8 3.00 [1.65 - 4.35]
Total (95% CI) 270 297 100.00 1.26 [-2.07 - 4.59]

Heterogeneity: Tau?=5.44; Chi*=17.20, df=1 (p<.01); I’=94%

IV=Inverse Variance

This study has limitations. First, the funnel plot for pharmacotherapy). Therefore, it cannot be ruled out that
both final examination score and final course score shows the flipped classroom may be more effective in therapeu-
asymmetry. This is the result of multiple factors, chiefly tics courses. Future research should examine if the flipped
the low number of included studies and high heterogeneity. classroom is more effective than traditional lecture in
However, it should be recognized that with the limited therapeutics courses. Finally, some lecturers may be ef-
number of studies in the meta-analysis, the power to detect fective teachers and their teaching may be more effective
asymmetry is low."” Second, the results of this study con- than others regardless of the teaching modality.

firm previous studies in science, engineering, and mathe-
matics wherein the flipped model may be more effective in CONCLUSION

smaller classes, as evidenced by the greatest difference in This study is the first meta-analysis comparing the
scores in the smallest studies, also influencing the lack of flipped classroom to lecture in any health profession.
symmetry in the funnel plot.'® This study did not examine Much like similar studies in medical and nursing educa-
student preferences with regards to flipped classroom com- tion, the flipped classroom may result in small gains in
pared to lecture. The literature shows that students report student learning in pharmacy education. The extensive
being receptive to the concept of the flipped classroom, but amount of faculty time to develop and implement a flipped
the same concerns from our analysis (workload and lack course compared to lecture further exacerbates the con-
of time to prepare) are consistently reported by students troversy surrounding utilization of this technique. More
across multiple studies.>' There is speculation that tradi- research using prospective, randomized designs with
tional assessment methods may not accurately reflect gains larger classes should be conducted before widespread
from the flipped classroom, which may cause the reported adoption of this teaching methodology.

effect to be understated.'**° However, adding essays and
other long-answer types of questions to examinations only ACKNOWLEDGMENTS
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