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Gopalan C, Fentem A, Rever AL. The refinement of flipped
teaching implementation to include retrieval practice. Adv Physiol
Educ 44: 131–137, 2020; doi:10.1152/advan.00143.2019.—There has
been growing evidence that flipped teaching (FT) can increase student
engagement. Traditional lecture-based teaching (TT) method was
compared with FT and FT combined with retrieval practice (FTR) in
a 400-level Exercise Physiology course over eight semesters. In the
FT format, lecture content was assigned for students to prepare before
class along with an online quiz. During class, the assigned content and
quiz questions were reviewed, and a team-based learning (TBL)
activity was conducted. Students found FT implementation three
times a week (FT3) to be overwhelming, which led to reconfiguration
of the FT design to minimize the quiz and TBL sessions to one per
week. Subsequently, FT was combined with retrieval exercises (FTR),
which involved recalling information, thus promoting retention. The
students in the FTR format were given weekly quizzes in class, where
no notes were allowed, which affected their quiz grade negatively
compared with FT (P � 0.0001). Again, no resources were permitted
during FTR’s TBL sessions. When exam scores were compared with
TT, student performance was significantly greater (P � 0.001) with
the FT and FTR methods, suggesting these methods are superior to
TT. While both male and female students benefited from FT and FTR
methods compared with TT (P � 0.0008), male students benefited the
most ((P � 0.0001). Similarly, when the exam scores were organized
into upper and lower halves, both groups benefited from FT and FTR
(P � 0.0001) approaches. In conclusion, both FT and FTR methods
benefit students more compared with TT, and male students are
impacted the most.

flipped classroom; male and female students; retrieval practice; upper
and lower half of class

INTRODUCTION

Until recently, the traditional lecture format (TT) has been
the most common method of teaching in classrooms of higher
education. Many educators continue to consider lecturing to be
the best approach to teach students. Contradictory evidence,
however, indicates that listening to a lecture is not an effective
way to promote deep and lasting student learning (32). The
average human attention span is no more than 20 min (3), and
recall of information drops drastically after 20 min (37).
Additionally, teaching in the form of lecture alone does not

meet the needs of all learners and is not suited for teaching
higher-order skills, such as critical thinking, synthesis, appli-
cation, and analysis (4a, 34).

Evidence suggests that active-learning strategies promote
student engagement and improve knowledge retention (4, 8,
13, 38). This has motivated many in higher education to change
from teacher-centered to student-centered instruction. Learner-
centered instruction puts more accountability on the students
for their own learning, with the understanding that the teacher
will maximize opportunities for students to learn (4, 16). A
student-centered classroom, rich in collaborative and active
learning, contributes to student success (14, 27).

Flipped teaching (FT) is an active-learning educational for-
mat that shifts lecture out of class, thus freeing up class time
for student-centered learning (1). In its simplest terms, the
lecture is shifted to an individual space via instructor-guided
study materials. Problem solving and practice occurs in class
under the guidance of the instructor in a group setting. This
teaching strategy has gained immense attention lately, as it not
only encourages active participation of students but also intro-
duces access to help and opportunities to work with peers.
While FT is shown to increase student preparedness, it also
paves the way to use class time to engage students in higher
levels of Bloom’s taxonomy, such as application, analysis,
synthesis, and evaluation (19, 20, 30). Team-based learning
(TBL) combined with FT allows students to develop interde-
pendence, accountability, autonomy, and skills in communica-
tion and collaboration (5, 11).

Although no two flipped classrooms look the same, they all
share common characteristics (6, 31). This teaching method
encompasses differentiated learning, where preclass assess-
ments are meant to be of lower-order learning as per Bloom’s
taxonomy, while in-class assessments and discussions are fo-
cused on higher-order learning (12, 31). By allowing students
to learn at their own pace, FT prevents cognitive overload of
new information (22). Moreover, with FT, there is an inten-
tional partial transfer of information delivery outside of the
classroom to maximize face-to-face interaction in the class-
room (18). A FT format also ensures unlimited access to class
content, and students can rewatch lecture videos or utilize
guided readings as needed. Additional class time provides
opportunities to expand on higher-order thinking skills, collab-
oration, and enrichment. Thus FT is designed around engaging
students deeply with content and providing immediate feed-
back following formative assessments (15, 31).
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One crucial part of the FT model is in the careful design of
class activities not only to engage students in learning, but also
to apply knowledge and think critically (16, 27). It is not
effective to “flip” a classroom by providing lecture videos and
designating the face-to-face class time as only group office
hours (29). Herreid and Schiller (17) reported student resis-
tance to the use of assigned resources. Likely causes for such
resistance could be lack of time, content that is too difficult for
students to comprehend on their own, topics considered boring,
or lack of reward (1). Based on a 5-yr study of FT, Senske (33)
offers key lessons for building effective FT classes. These
include the importance and accessibility of online resources,
faculty’s ability to respond when FT strategies fail, and the
identification of instructors’ efforts and misconceptions.

The use of memory retrieval is yet another important strat-
egy that is argued to be highly beneficial in retaining informa-
tion, and hence its application appears to be one of the most
effective methods of long-term learning (21, 23, 24). Essen-
tially, retrieval of information and learning is thought to occur
during episodes of studying, whereas retrieval of information
on testing serves merely to assess what was learned. The use of
quizzes and exams to engage and enhance retrieval processes
has been widely established as an effective strategy for facil-
itating learning (21, 23). Knowledge gained through retrieval
practice is maximized when the practice is appropriately
spaced out (21). Thus the integration of retrieval exercise into
educational practices has the potential to boost performance in
classrooms.

There is a great deal of evidence to suggest that the preferred
learning styles vary among male and female students. Gross et.
al. (12) examined sex differences in their FT and reported that
female students benefited greatly compared with male students.
Yan et. al. (36) showed that the FT strategy increased male
student’s motivation, whereas female students were more self-
efficient in a traditional classroom setting compared with male
students. There are no studies comparing the effect of retrieval
practice combined with FT between male and female students
thus far.

The learning styles could vary between high- and low-
achieving students as well. Evidence suggests that high-per-
forming students find online teaching as effective as traditional
face-to-face teaching, whereas it is less effective for lower-
performing students (28). Thus our study was aimed at iden-
tifying a teaching approach that is most effective for student
learning, where we compared TT with that of two student-
centered FT strategies, one with retrieval practice (FTR) and
one without (FT). We predicted that students in both FT and
FTR would demonstrate greater performance over students in
the TT method. Whether the new teaching formats helped male
students versus female students and the upper half of the class
versus the lower half of the class were additional questions that
were addressed in this study. In addition, qualitative data were
collected to measure student perceptions of the TT, FT, and
FTR teaching methods.

METHODS

This study was conducted over eight semesters using one or two
sections of students per class in a 400-level course, Biology of
Cardiovascular and Metabolic Diseases (KIN412), a required, under-
graduate level course for Exercise Science majors. This study oc-
curred during a time when the university’s academic profile remained

the same, that is, the instructor, the academic performance of the
students, class meeting days, times, and duration, as well as their
acceptance criteria. All of the classes were taught by the same
instructor and were held during a regular semester of 16 wk, during
which the class met for 50 min on Mondays, Wednesdays, and
Fridays. The sample included 247 students, 114 male and 133
female students, with an age range of 20 –23 yr, except for 1–2%
of nontraditionally aged students. The class size ranged from 18 to
35 students.

Blackboard, the course management system, was utilized to post
course content as well as online assessments. Table 1 summarizes the
teaching approach used for this study in a chronological order. This
study was approved by the university’s Institutional Review Board
(IRB no. 15–1016–2C). The required textbook, Biology of Cardio-
vascular and Metabolic Diseases, an in-house digital textbook, was
developed explicitly for this course by the same instructor.

Lecture-based teaching or traditional classroom course design.
The first semester of the study was designed to utilize lecture format
for the entire semester. Students received reading assignments and
PowerPoint slides at least 2 days before each class meeting. The
lectures were given in the traditional podium style, but there were
plenty of opportunities for students to ask questions. Thus this
approach was considered to be an interactive lecture method. The
students in this format, however, typically asked only one or two
questions per class session. These students had one TBL session
before each major exam, and there were four exams in total. Groups
of four to five students were formed for the TBL session, as described
by Gopalan and colleagues (9–11). Grade point average, sex, and
ethnicity were some of the details of the students used to ensure
diversity as well as a balance of academic ability in each group. The
groups were created in the first week of the semester, and these groups

Table 1. Study design of the teaching methods tested

Preclass In-class

Traditional teaching (TT): exams 1–3 of semester 1, exams 1–2 of semesters
2 and 3

• Guided readings
• PowerPoint slides

• Lecture
• Random quizzes over previously covered content
• One TBL activity before each exam

Flipped teaching, three sessions per week (FT3): exam 3 of semester 2

• Guided readings
• Lecture videos
• PowerPoint slides
• Individual quiz
• Study guide

• Every session (3 sessions per week): review of
lecture and quiz, TBL activity, and immediate
feedback

Flipped teaching activities spread over 1 wk (FT): exam 3 of semester 3,
exams 1–3 of semesters 4 and 5

• Guided readings
• Lecture videos
• PowerPoint slides
• Individual quiz
• Study guide

• First session: question-and-answer session involving
review of difficult topics

• Online quiz before second session. Students may
access resources

• Second session: review of quiz questions, TBL
activity. Students may access resources

• Third session: review of TBL problem sets and
study guide

Flipped teaching activities spread over 1 wk, combined with retrieval
practice (FTR): exams 1–3 of semesters 6–8

• Guided readings
• Lecture videos
• PowerPoint slides
• Individual quiz
• Study guide

• First session: question and answer session involving
review of difficult topics. Individual quiz at the end
of the first session without access to resources

• Second session: review of quiz questions, TBL
activity without access to resources

• Third session: review of TBL problem sets and
study guide

TBL, team-based learning.
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remained permanent throughout the semester (9–11). In addition to
lecture and TBL sessions, quizzes were given periodically over
previously covered content, but not as frequently as in the other
teaching formats tested in this study (Table 1).

Flipped classroom course design (three in-class sessions per
week). During the second semester, a partial FT method was used
where the first half of the semester used the TT approach as described
above and the second half of the semester utilized the FT. It was
divided in such a way that the first two exams were in the TT style,
whereas the rest of the content was taught in the FT method. This
particular FT design involved students experiencing FT during each of
the three weekly class sessions (FT3). The resources that were made
available for the homework portion of the FT included reading
assignments, the PowerPoint slides, and instructor-recorded lecture
videos (Table 1). The lecture videos were 20- to 40-min long and were
prepared using Zoom software. Students were expected to complete
an individual formative assessment in the form of a short, online quiz
that consisted of five questions at the factual level of Bloom’s
taxonomy (26). During each class period, the instructor briefly re-
viewed key concepts of the lecture and addressed any questions
during class. This was followed by a TBL session and instant
feedback. The group work consisted of higher-order questions at
comprehension, application, evaluation, analysis, and synthesis levels
of Bloom’s taxonomy. Although student participation and attendance
showed significant increase in test scores compared with the TT
format, students reported in their end-of-semester course evaluations
that the FT3 style was overwhelming and time consuming. Moreover,
the 50-min class period was too short for the review of lecture, review
of the quiz that students had completed before their class period, a
TBL activity, and its immediate feedback. Three quizzes and three
problem sets per week and their grading was extremely busy work for
the instructor as well. Therefore, this format was discontinued after
one semester of testing.

Modified flipped classroom course design. The third semester of
this study used the partial FT method once again, but here the FT
method was revised. The first half of the semester, up to the comple-
tion of the second exam, was taught in the TT method, as described
before. Based on the student comments on the FT3 teaching method,
as well as from the instructor’s experience with FT3, the course was
redesigned so that the weekly content was consolidated into one
package instead of three separate parts and was shared with students
at least 5 days before their class meeting. For example, in the FT3
format, while teaching cardiac physiology, electrical activity within
the heart would be covered as one lecture, cardiac cycle as another
lecture, and the regulation of cardiac output as the third lecture for a
total of three class meetings. In the revised FT format, all three of the
lectures were combined into one and released at the same time as
weekly content for the students to prepare. The week started off with
the expectation that students had a chance to study the material that
was made available during the previous week. The first session was
dedicated to questions and answers and a review of difficult concepts.
Students completed an online quiz before attending their second
session. Thus, in this revised approach, students were able to learn the
concepts on their own first, and the instructor clarified topics with
which students needed help before their individual assessment. The
second session started with the review of their online quiz and a TBL
activity, as well as its review. In both their online quiz and their TBL
session, students could access information, such as their class notes,
slides, textbook, and online resources. The third session was utilized
to revisit their weekly quiz and TBL activity as well as to continue the
review of any difficult concepts (Table 1). Thus the content that was
typically covered in three separate sessions in the FT3 format was
combined into one without compromising content coverage, but the
number of individual and group assessments was spaced from three to
one per week. During the fourth and fifth semesters, this restructured
FT format was spread throughout the entire semester, thus bypassing
TT completely.

Flipped classroom course design with retrieval practice. From the
sixth through eighth semesters, the fully flipped course design was
modified to include retrieval exercise (FTR). In the FTR method, the
course design was similar to FT, where the content was assigned as a
weekly package several days before their class meeting. Students were
enticed through a weekly quiz to come prepared for class. In this
teaching method, the first session started off with questions and
answers, as well as a review of difficult concepts as in the previous
semesters. The students were given a quiz toward the end of the first
session, and the quiz was reviewed soon after. Most importantly,
students were not allowed to use any of their resources while taking
their weekly quiz. During the second session, a TBL activity was
conducted. Similar to the quiz, the TBL activity was completed
without the use of any resources (Table 1). The third session was used
to review problem sets used in the TBL session, as well as their
practice questions. One important advantage with FT and FTR meth-
ods was that, if additional time was needed to review problem sets that
were used as part of the TBL session, this was covered in session 3
instead of rushing to finish it during session 2.

Peer evaluations. To promote every student participation in the
TBL groups, two peer evaluations were carried out in the FT classes,
one in the middle of the semester and one at the end of the semester.
Here, students evaluated their team members with a score as well as
an explanation of why a student received a higher or lower score.

Data collection. There were four exams in total, where the last
exam included not only the new material that was introduced since the
end of the third exam, but also all of the content that was covered
throughout the semester (comprehensive exam). The fourth exam
(final exam) was scheduled during finals week. All other exams were
scheduled on Fridays, as it best fit the FT design. Exams were
administered in a proctored computer laboratory, as they were created
directly on BlackBoard. Students were allowed to review their exam
during office hours or by one-on-one appointments. Exam questions
were protected by not being released to the students to study from for
their comprehensive final exam.

The first three exams typically covered 3–4 wk of course content.
Each of the first three exams consisted of 50 questions and represented
100 points; the final exam included 100 questions for 100 points. Most
items were multiple-choice questions at the knowledge, comprehen-
sion, and application level; there were very few true/false, matching,
or essay questions. Eighty percent of the test questions were con-
served across all three teaching approaches. Only the first three exam
scores were used to study the effect of different modes of teaching, as
well as student surveys. The comprehensive final exam was not
included in our data analysis, considering the influence of the stu-
dents’ other exams during finals week. Yet another reason for not
using the final exam was because our students typically predetermine
the scores they would need to obtain a certain grade in the class, and
such a practice may affect the study.

A comparison of male and female student grades was carried out to
learn if one group benefited more from the structured FT and FTR
approaches than the TT method. We also examined if FT would
impact the performance of students in the lower half of the class
differently from that of the students in the upper half of the class. This
was achieved by determining the median of the three exam averages
and then separating the class into the upper 50th and the lower 50th
percentiles.

The exam scores from each teaching method were pooled between
semesters and compared against other teaching methods. Weekly quiz
and TBL activities served as formative assessments. Each of their
scores added up to one exam grade. A comparison of quiz scores that
were pooled from FT and FTR approaches was made to learn the
impact of completing assignments without resources. An anonymous
online survey was given during the middle of every semester to
receive student feedback on the teaching format. The survey was
intended to identify the teaching strategies students perceived as most
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helpful to their learning. The summary of the survey results was
discussed with the students soon after the survey was analyzed.

Statistical analysis. The exam scores were combined based on the
teaching methods used, except for the grades from the final exam. A
Student t test was carried out to compare the pooled FT and FTR quiz
grades and the exam grades from the TT with FT3 methods. A
one-way ANOVA was used to compare overall exam scores between
TT, FT, and FTR strategies, as well as to compare exam scores of
students above and below the 50th percentile between the three
teaching approaches. The main effects were further assessed with post
hoc Bartlett’s tests. A two-way ANOVA was used to compare male
versus female student performance, which was followed by Turkey’s
multiple-comparison test. All tests were conducted with an experi-
ment-wise �-level of 0.05. The data were analyzed using Graph Pad
Prism.

RESULTS

The results are summarized below, where both exam and
quiz scores are expressed as means � SD. Exam grades of the
teaching styles TT and FT3 were compared using Student’s t
test to evaluate which teaching approach resulted in higher
overall exam grades. The FT3 score [mean (M) � 80.43, SD �
9.559, n � 53] was significantly greater (P � 0.0001) com-
pared with the TT score (M � 69.24, SD � 13.74, n � 220;
Fig. 1). Due to the fact that students found FT3 to be intense,
this method was restructured to lessen the workload outside of
class, thus evolving into a new format of FT.

The average exam grade for FT (M � 76.29, SD � 11.76,
n � 162) was significantly different from the TT method (P �
0.001). After using this teaching method for three semesters in
a row, this method was refined further to include a retrieval
strategy, referred to as FTR. Results of this teaching method
were M � 74.2, SD � 12.63, F(2,654) � 16.01, P � 0.001
(Fig. 2).

Next, the exam grades were separated into male and female
groups, and a two-way ANOVA was conducted. It was inter-
esting to note that male students performed much better in the
FT (M � 76.11, SD � 11.18, P � 0.0001) and FTR
(M � 76.65, SD � 12.87) methods compared with TT

(M � 66.38, SD � 13.94, P � 0.0001). Female students also
scored higher with the FT (M � 76.27, SD � 12.29, n � 91;
P � 0.0294) teaching mode compared with TT (M � 70.85,
SD � 12.91, n � 110) and FTR (M � 72.4, SD � 11.85, n �
146; Fig. 3). There was a significant effect of sex on the
teaching method (F � 7.17; DFn � 2, DFd � 639). Individual
comparisons using Turkey’s multiple test followed by two-way

Fig. 1. Exam scores from the traditional teaching (TT) method were compared
with the scores from flipped teaching three times per week (FT3). Results are
as follows: FT3 (mean � 80.43, SD � 9.559, n � 53) and TT (mean � 69.24,
SD � 13.74, n � 220). n, No. of students. ****P � 0.0001, Student’s t test.

Fig. 2. Comparison of student performance using exam scores between tradi-
tional teaching (TT), flipped teaching (FT), and flipped teaching with retrieval
practice (FTR) methods of teaching. Results are as follows: TT
(mean � 69.24, SD � 13.74, n � 220), FT (mean � 76.29, SD � 11.76, n �
162), and FTR [mean � 74.2, SD � 12.63, F(2,654) � 16.01]. n, No. of
students. ***P � 0.001, one-way ANOVA.

Fig. 3. Comparison of student performance using exam scores between male
and female students in the three methods of teaching: traditional teaching (TT),
flipped teaching (FT), and flipped teaching with retrieval practice (FTR).
Results are as follows: male students, TT (mean � 66.38, SD � 13.94), FT
(mean � 76.11, SD � 11.18), and FTR (mean � 76.65, SD � 12.87); female
students, TT (mean � 70.85, SD � 12.91, n � 110), FT (mean � 76.27, SD �
12.29, n � 91), FTR (mean � 72.4, SD � 11.85, n � 146); F � 7.17;
DFn � 2, DFd � 639. n, No. of students. Two-way ANOVA. Turkey’s mul-
tiple test revealed a significant difference between female TT and FT (*P �
0.05), male TT and FT (****P � 0.0001), and male TT and FTR (****P �
0.0001) groups.
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ANOVA analysis suggested that the level of significance was
much greater between the study methods (P � 0.0001) for the
male students. The level of significance was much lower
between the TT and FT methods for the female students (P �
0.05). These results suggest that the FT and FTR methods help
male students achieve higher scores more than the female
students.

The median score was determined for each method of
teaching and was used to separate students into above-median
and below-median groups. Similarly, When the above-median
group was compared, TT score (M � 80.24, SD � 7.346, n �
113) was significantly lower than FT (M � 85.19, SD � 4.684,
n � 87) and FTR scores (M � 84.43, SD � 5.957, n � 140).
When the below-median group was compared between the
three teaching methods, the TT score (M � 57.63, SD � 8.232,
n � 107) was again significantly lower than FT (M � 65.97,
SD � 8.633, n � 75) and FTR (M � 63.75, SD � 8.214, n �
137; Fig. 4). There was a significant effect in both the upper
[F(2,337) � 20.26 P � 0.0001] and lower [F(2,316) � 26.26
and P � 0.0001] halves of the class (Fig. 4).

All of the quiz scores from the FT and FTR teaching
methods were pooled and compared using Student’s t test. The
average quiz score for FT (M � 8.154, SD � 2.339, n �
1,273) was significantly higher (P � 0.0001) than the FTR quiz
score (M � 7.574, SD � 2.513, n � 868; Fig. 5).

The pass/fail rates were compared among the teaching meth-
ods and are summarized in Table 2. In terms of the highest
grades among the various teaching methods tested, the best
grades (A and B combined) were within the FT method (73%),
followed by FTR (71%), TT (60%), TT/FT (56%), and TT/FT3
(47%). Attrition rate was very stable among the eight semesters
tested. Zero to one student dropped out of the course per
semester.

An anonymous student survey collected each semester sug-
gested that students liked the TT method the most (82%) and

FTR the least (50%). All groups liked working in groups.
However, the FTR method was where group work was most
favorable (88%). While students in the TT method liked
lectures (60%), students in the FT and FTR methods liked the
review of content in the form of mini-lectures the most (87%
in FT and 88% in FTR). Similarly, students in the TT method
were less appreciative of reading resource compared with both
FT and FTR (TT 41%, FT 53%, and FTR 75%). At least 80%
of all students in a FT format would recommend FT, and 75%
would recommend FTR (Table 3). Additionally, based on the
student comments, they were able to prepare for class and not

Fig. 4. Comparison of student performance using exam scores in the above 50th
percentile and below 50th percentile groups among the three teaching methods:
traditional teaching (TT), flipped teaching (FT), and flipped teaching with retrieval
practice (FTR). In the above-median group, results are as follows: TT
(mean � 80.24, SD � 7.346, n � 113), FT (mean � 85.19, SD � 4.684, n � 87),
and FTR (mean � 84.43, SD � 5.957, n � 140); F(2,337) � 20.26. ****P �
0.0001. In the below-median group, results are as follows: TT (mean � 57.63,
SD � 8.232, n � 107), FT (mean � 65.97, SD � 8.633 n � 75), and FTR
(mean � 63.75, SD � 8.214, n � 137; F(2,316) � 26.26. n, No. of students.
****P � 0.0001, one-way ANOVA.

Fig. 5. Comparison of quiz grades between the flipped teaching (FT) and
flipped teaching with retrieval practice (FTR) teaching methods. Results are as
follows: FT (mean � 8.154, SD � 2.339, n � 1,273) and FTR (mean � 7.574,
SD � 2.513, n � 868). n, No. of students. ****P � 0.0001, Student’s t test.

Table 2. Grade distribution among teaching methods

Grade

Semester Teaching Method A B C D F

1 Exams 1–3: traditional
teaching method

25 35 35 5 0

2 Exams 1–2: traditional
teaching method

Exam 3: flipped teaching
three sessions per week

17 30 45 7 0

3 Exams 1–2: traditional
teaching method

Exam 3: flipped teaching
spread over 1 wk

15 41 37 7 0

4 Exams 1–3: flipped teaching
spread over 1 wk

22 56 17 6 0

5 Exams 1–3: flipped teaching
spread over 1 wk

30 37 30 0 4

6 Exams 1–3: flipped teaching
spread over 1 wk
combined with retrieval
practice

26 42 26 0 1

7 Exams 1–3: flipped teaching
spread over 1 wk
combined with retrieval
practice

37 37 20 6 0

8 Exams 1–3: flipped teaching
spread over 1 wk
combined with retrieval
practice

26 44 26 4 0
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feel as dependent on the instructor during lectures. Students
also reported that they were able to get more out of the course
as well as retain the information that they learned.

DISCUSSION

Our results suggest that incorporating the FT method increased
overall exam scores compared with TT. The best approach among
all of the FT methods tested was FT3, as it resulted in the highest
average test scores (Fig. 1), although students as well as the
instructor found this method to be the most challenging. Students
in the FT3 format reported that the number of preclass assign-
ments and assessments was far too many to complete in the short
time they had. Deslauriers et al. (7) reported the actual learning
versus feeling of learning in response to being actively engaged in
the classroom was inconsistent. The management of large number
of quizzes and TBL sessions and the time constraints were equally
challenging for the instructor. However, once the design of FT
was shifted to reduce the number of TBL sessions and quizzes,
students’ scores continued to stay stronger in the FT method
compared with the TT method, but they also reported more
positive perceptions of FT. Thus an optimum method of FT was
chosen that was manageable to students and the professor alike.

Many studies have reported success with FT similar to our
findings (1, 25, 31). One reason for this success in our study
could be regular attendance that this active-learning method
requires (2). Our student attendance exceeded 90% each se-
mester with the FT design, whether it was FT3, FT, or FTR,
compared with student attendance in the TT method. We also
believe that the repeated exposure to the course content and
frequent assessments and immediate feedback that the FT
method allows in the form of lecture video, lecture slides,
readings, quizzes, in-class discussions with the instructor, and
peer-teaching in the TBL sessions was a reason why students
received higher exam grades in FT. Moreover, the FT method
involves frequent formative assessments, where students have
opportunities to build their grades to a higher level by partic-
ipating on a regular basis instead of cramming for the exam the
night before. Active participation in the assessments helps
students practice and raise their scores while building collab-
orative skills and confidence. It is also likely that FT instilled
a sense of importance in students to come to class to complete
in-class activities and assessments, whereas TT did not (17).

Since both FT and FTR were more effective when compared
with TT, the specific role of retrieval practice used in the FTR
is unclear. It is possible that students are at their best perfor-
mance with the FT method and no further gains could be

accomplished by adding the retrieval strategy. However, re-
trieval practice involving recalling information is still a very
important skill to develop as a student. It reinforces them to
depend on themselves rather than accessing resources con-
stantly. Others have reported similar findings where students
appear to lack the ability to develop metacognitive aware-
ness (24).

All students, whether they were in the upper or lower 50th
percentile, achieved higher scores in the FT and FTR teaching
methods compared with the TT method. Similarly, when we
shifted our focus to male and female groups, we found that
male students’ exam scores were significantly lower than those
of the female students in the TT method suggesting that male
students underperform in the TT method compared with female
students. On the other hand, the average scores in the FT and
FTR groups were higher for both sexes. In particular, male
students’ scores were higher with FT and FTR compared with
the changes in the scores of female students. The active-
learning strategy utilizing lecture videos and TBL sessions in
the FT method, as well as the repeated exposure to content,
appears to appeal to male students more. It must be noted
that female student scores were significantly greater in the
TT method compared with those of the male students (P �
0.05), suggesting that female students learn well in a uni-
modal setting (35).

The higher quiz grade in the FT method compared with FTR
suggests student dependence on resources in completing quizzes,
because quizzes were taken online outside of class in the FT style.
The in-class quizzes in the FTR method limited student access to
content and hence the significantly lower quiz grades. Similarly,
student response to group work was most favorable in the FTR
group, suggesting that students interacted more when the access to
content was limited. Regular recall through formative assessment
and immediate feedback had a positive influence on student
performance on their exams, although it was unable to raise the
scores above the FT exam averages.

When the pass/fail grades were examined between eight
semesters of the course, the highest performance was in the FT
method, and a very close second was FTR, just like in the exam
performance (Fig. 1). The partially flipped semesters (semes-
ters 2 and 3) had the least success rate (Table 2). The attrition
rate between semesters was very stable, with zero to one
student dropping out of the course. Since this course is a
required course and also taken by the students in their senior
year, sometimes in their very last semester, there is an urge to
complete this course.

In an anonymous survey given to students of the FT class,
the majority of the students reported how much they enjoyed
having the online resources. “I learned better hearing and
seeing the material more than once and being able to re-watch
when needed while following along with my PowerPoint
slides.” The survey data, however, suggest that more students
preferred TT compared with FT or FTR. Thus the perception of
the teaching methods is inversely related to the student perfor-
mance and is similar to the findings of Deslauriers et al. (7).
Students in the TT method appeared to have underutilized the
reading assignment and may have mostly depended on in-class
lecture, unlike the students from the FT and FTR groups. This
may have contributed to the overall student grades.

A limitation of this study was that the participants in the TT,
FT, and FTR methods of teaching were not the same, but they

Table 3. Anonymous student survey data

Questions TT FT FTR

Does the style of teaching support
the way you prefer to learn? Yes (82) Yes (60) Yes (50)

I like the fact that we have group
work in this course. Yes (76) Yes (80) Yes (88)

I enjoy learning from lecture or
mini-lecture. Yes (65) Yes (87) Yes (88)

Reading assignments for this
course are appropriate. Yes (41) Yes (53) Yes (75)

Would you recommend flipped
teaching in the future? Yes (80) Yes (75)

Values in parentheses are percentages of responses.
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were students in the classes that were taught using different
strategies. Since they were not the exact same students expe-
riencing all of the teaching strategies that were tested, the
comparison may have not accounted for unknown factors.
Therefore, it is suggested that future studies consider using the
same students across different teaching methods to account for
those unknown factors.

In conclusion, the FT model does enhance overall student
performance across the different populations. Retrieval prac-
tice simply echoes the FT approach. Although both male and
female students benefit from the FT and FTR teaching meth-
ods, male students appear to have a greater degree of benefit.
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