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flipped classroom in physiology education
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Abstract

Background The flipped classroom approach has gained increasing popularity in medical education. Physiology
is a basic medical course that studies the phenomena and laws of human life activities, and is a crucial link course
connecting preclinical courses and clinical courses. However, there is a paucity of data showing the effectiveness of
the flipped classroom model for the entirety of physiology course in medical undergraduate students.

Method 131 sophomore students with clinical medicine major at Harbin Medical University were recruited and they
were randomly allocated into two groups: the control group which was subjected to traditional lecture teaching
(n=69), and the experimental group which was subjected to flipped classroom teaching (n=62). To assess the effect
of flipped teaching, the usual performance and final exam scores were used to evaluate the physiology learning
effectiveness of students. The correlation between the usual performance and final exam scores by Pearson method
was also conducted in the two teaching groups. After course completion, an anonymous questionnaire survey

was conducted among the subjects of flipped classroom group to assess students’ opinion regarding the flipped
classroom teaching.

Results Our results showed that the usual performance and final exam scores of students in the flipped classroom
were both significantly higher than that in the traditional teaching class (P < 0.05). Moreover, our results also
showed that the usual performance of students was significantly correlated with the final exam scores in the
flipped classroom (r=0.3945, P<0.01), but not in the traditional teaching group (r=0.1522, P=0.2119). The results
of questionnaire survey showed that 77.58% of the students believed flipped classroom teaching improved their
knowledge acquisition. 70%~86% of students perceived that flipped classroom enhanced their learning abilities,
including self-study ability, collaborative learning and problem-solving skills, and clinical thinking ability. In addition,
about 60% of students acknowledged the teaching design and teaching environment, more students’ engagement
and presentation of group learning in the flipped classroom.

Conclusion The flipped classroom teaching significantly improved students'learning effectiveness in physiology
course, as indicated by final exam score and usual performance. It also promoted higher-order ability-set acquisition
and allowed a rationalized formative evaluation system.
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Introduction
Physiology is one of basic medical sciences that studies
the phenomenon and laws of human life activities, which
provides a basic understanding of how the human body
functions under conditions of health and disease [1].
Physiology plays an important role as a link between pre-
clinical courses and subsequent clinical courses. So, the
understanding and mastery of physiological knowledge
can affect the study of subsequent medical courses [2].
However, the curriculum content of physiology is char-
acterized by abstract, complex, and strong logic [1, 3],
and the traditional physiology teaching model has limited
students’ knowledge and skills gain, because in the con-
ventional physiology education, students passively accept
knowledge during classroom time by teacher-centered
lecture, so that typically without independent thinking
and learning. Besides, there is no sufficient time in con-
ventional classroom for discussion and interaction with
their peers and teachers so that untimely solving student’s
questions. Moreover, the traditional teaching assessment
is primarily indicated by the final exam scores, which is
unable to make a comprehensive and accurate evaluation
over the whole learning process. Therefore, it is necessary
to apply innovative instructional strategies to improve
student’s learning effectiveness in this challenging course.
In recent years, the flipped classroom method to teach-
ing has received increasingly attention in health profes-
sion education. Flipped classroom is a new educational
approach invented under the background of “internet+)
which is referred to a “student-centered” pedagogi-
cal model in which classroom and self-study time are
reversed [4]. Compared with teacher-centered didactic
lectures in the traditional classroom model, the flipped
classroom gives students access to the learning material
prior to formal class time and in-class time is focused on
application, stimulation, case-based discussion and prob-
lem solving [4, 5]. In the conventional teaching method
where students first attend a teacher-centered lecture and
the learning then be reinforced by homework that usu-
ally has no interaction with classmates or teachers [6].
In the flipped classroom model, educational content is
offloaded for students to learn on their own before for-
mal class by videos, readings, or PowerPoint slides. The
subsequent face-to-face classroom time is then devoted
to engaging students in interactive activities that allow
students to apply their newly gained knowledge to chal-
lenging problems with their peers, so that it allows for
active learning, cooperative learning, collaborative learn-
ing, and problem-based learning during classroom time

[5].

As the benefits of flipped classroom includes better
self-regulated learning skills, more effective student-
teacher interactions, and increased learner engagement
and motivation [7, 8], its use is increasingly being
adopted in medical education, such as nursing [9], phar-
macology [10], ophthalmology [11, 12], radiology, epi-
demiology, and podiatric medical education [13, 14]. To
date, only several studies have reported implementation
of flipped classroom in the physiology context among dif-
ferent level of learners [15—18], with focus on the study
of system physiology. For example, Johnathan et al. has
assessed the effectiveness of a modified flipped classroom
curriculum cardiovascular, respiratory, and renal physiol-
ogy in graduate students [18]. However, the application
of the flipped classroom for the entirety of physiology
course in medical undergraduate students has not been
well investigated. Furthermore, no prior studies have
examined the impact of flipped classroom model on the
formative teaching assessment.

Consequently, in this study we report and describe
the implementation and delivery of a student-centered
flipped classroom methodology for the whole of physi-
ology course in medical undergraduate students. The
purpose of current study was: (1) to investigate the effec-
tiveness of flipped classroom on physiology knowledge
and skill-set acquisition as measured by usual perfor-
mance and final exam score, and to determine the effect
of flipped classroom model on the formative assessment
system; (2) to assess the student’s perceptions of the
flipped approach after course completion.

Methods

Subjects

We conducted this study among students with clini-
cal medicine major in 2020 at Harbin Medical Univer-
sity. There are 460 students enrolled in clinical medicine
major in 2020 and they are organized into 23 teaching
classes by the Office of Medical Educational Administra-
tion with around 20 students in each class. We randomly
selected 6 teaching classes with a total of 131 students.
These participants were randomly allocated into two
groups, one of which was subjected to traditional lecture
teaching (TL), and the other one was subjected to flipped
classroom teaching (FC). They have all finished the same
pre-enrollment education and admitted to Harbin Medi-
cal University through an entrance examination, and
started the physiology course in the third semester. All
students were unaware of their group assignments before
the course.
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Study design

131 students majoring in clinical medicine at Harbin
Medical University were enrolled in this study. They are
randomly allocated into either the flipped classroom
group (n=62) or the traditional lecture-based classroom
group (n=69). To assess the effect of flipped teaching,
the usual performance and final exam results were used
to evaluate the physiology learning effectiveness of stu-
dents in these two groups. At the same time, the corre-
lation between the usual performance and final exam
scores was also determined in flipped classroom group.
An anonymous questionnaire survey among the subjects
of flipped classroom group was conducted to assess stu-
dents’ opinion regarding the flipped teaching after course
completion.

Interventions

The two groups were both taught by the same experi-
enced teachers using the same teaching syllabus, weekly
calendar, and course content. The entirety of physiol-
ogy teaching adopted flipped classroom teaching in the
experimental group. For communication between stu-
dents and teachers, we established a Chaoxing Group
(i.chaoxing.com) in flipped classroom teaching students.
The task list and learning materials for self-directed
learning were offloaded for students prior to face-to-face
classroom through the Chaoxing Group.

The major learning materials for flipped class-
room teaching is the physiology online resource cre-
ated by ourselves (https://www.xueyinonline.com/
detail/232545944), which comes from “Xueyin Online’,
a public MOOC platform operated by Beijing Xueyin
Online Education Technology Co., Ltd (https://www.
xueyinonline.com/). Our physiology course resources
include 85 recorded micro-videos, 9 virtual simulation
experiment teaching videos, 12 courseware and 12 sets
of chapter test questions. These reading materials and
videos cover all the teaching content of physiology and
students can learn at their own pace. The flipped class-
room students were required to follow the self-study
task list by readings, watching the video, or completing
the exercises to gain the basic knowledge before formal
classroom time. In the face-to-face classroom, students
are engaged in challenging problems using the newly
gained knowledge by group discussion with their peers
and the feedback and guidance from the teachers. So
that students were divided into small groups (5-6 peo-
ple in each group) for discussion and a representative
was selected from each group to summarize and report
the results of group discussion. The teachers gave com-
ments and in-depth explanation on the discussion and
answers of the students. After classroom, students are
required to complete assignments and open-ended ques-
tions to reinforce and expand knowledge. The traditional
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teaching group, on the other hand, was mainly subjected
to a teacher-centered lectures without pre-class learning
and in-class group discussion. The traditional group stu-
dents also had a Chaoxing Group and had access to our
physiology course resources. The final exam paper was
prepared by experienced teachers who did not participate
in this study. The types of questions include single-choice
questions, multiple-choices questions, short answer
questions, and essay questions, with a total of 100 points,
accounting for 60% of the final grades. The usual perfor-
mance accounts for another 40% of final grades, which
includes performances in video watching, classroom dis-
cussion, homework, quizzes, and attendance.

Data collection

The usual performance as indicated by “online score’,
was automatically collected by “Xueyin Online” platform,
according to students’ performance in video watching (20
points), discussion (10 points), homework (20 points),
quizzes (20 points), attendance (10 points) and classroom
activities (20 points). For the review of final exam papers,
an online test paper management platform named
“Tangyun” (http://210.47.245.73/Home/Index) was used.
All subjective questions including short answer questions
and assay questions were reviewed by two independent
blinded teachers to eliminate the subjective deviation
in the teachers’ judgment. Besides, feedback from the
flipped classroom students was collected using Question-
naire Star (an online tool for anonymous questionnaire
surveys) [19, 20]. A total of 58 valid questionnaires were
collected from the flipped classroom group with a recov-
ery rate of 93.5%.

Data analysis

The online scores and final exam scores were expressed in
the form of mean+standard error (SEM) and data were
statistically analyzed using GraphPad Prism 8 software.
An independent ¢ test was used to compare mean scores
between traditional teaching group and flipped class-
room group. The correlation between students’ online
scores and final exam scores in the two teaching groups
was analyzed by Pearson method. A level of P<0.05 was
considered statistically significant.

Results

Flipped classroom improves students’ learning
effectiveness in physiology course

To evaluate the impact of flipped classroom on the stu-
dent’s learning effectiveness, students’ online scores and
final exam scores (including scores in objective questions
and subjective questions) were compared between the
flipped classroom group and traditional teaching group.
Our results showed that the average online score of stu-
dents in the flipped classroom was significantly higher


https://www.xueyinonline.com/detail/232545944
https://www.xueyinonline.com/detail/232545944
https://www.xueyinonline.com/
https://www.xueyinonline.com/
http://210.47.245.73/Home/Index

Lu et al. BMC Medical Education (2023) 23:233

Table 1 The average scores of students in the traditional
teaching group and flipped classroom teaching group

Group Online score Objective Subjective  Final exam
score score score

Tradi- 91.97+£1.28 40.72+£057 4074078 8146+127

tional

teaching

(n=69)

Flipped 94.82+£067% 4281+£061* 4267+0.75% 8547+1.28*

classroom

(n=62)

Values are means+SEM and analyzed by t-test. *P<0.05, ** P<0.01, flipped
classroom vs. traditional teaching.

Table 2 Number of students with different level of final exam
score in traditional teaching group and flipped classroom group

Group Excellent Good Average Fair Fail-
(90~100) (80~89) (70~79) (60~69) ure
(<60)
Traditional 19 (28%) 23 16 9(13%) 2
teaching (333%)  (23.2%) (2.9%)
(n=69)
Flipped 30 (48%) 16 10 6(097%) 0
classroom (25.8%) (16.1%) (0%)
(n=62)

than that in traditional teaching class (94.821+0.67 vs.
91.97+1.28, P<0.05, see Table 1).

There was also a significant increase in the final exam
score of students from flipped classroom compared to
that from traditional teaching group (85.47%1.28 vs.
81.461+1.27, P<0.05, see Table 1). Moreover, our results
showed that the average scores in objective questions of
students from flipped classroom were significantly higher
than that of traditional teaching group. (42.81+0.61 vs.
40.72+0.57, P<0.01). It was worth noting that the stu-
dents of flipped classroom also had higher subjective
question scores than that of traditional teaching group.
(42.6710.75 vs. 40.74£0.78, P<0.05).

We further analyzed the distribution of students with
different final exam scores in the two teaching classes.
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A score of 90~100 points is excellent, 80~89 points is
good, 70~79 points is average, 60~69 points is fair, and
lower than 60 points is failure. As shown in Table 2, the
percentage of excellent in flipped classroom (30, 48%)
was higher than that in traditional teaching class (19,
28%). Correspondingly, the student’s number of failure
and fair in the flipped classroom was lower than that in
traditional teaching class (6, 9.7% vs. 11, 15.9%).

The final exam score was correlated with online score in
flipped classroom

In addition, we also examined the correlation between
online scores and final exam scores of students by Pear-
son Correlation Analysis in the two teaching groups. Our
results revealed that the online score of students was
significantly correlated with the final exam scores in the
flipped classroom (r=0.3945, P<0.01, Fig. 1B), but not
in the traditional teaching class (r=0.1522, P=0.2119,
Fig. 1A), suggesting flipped classroom teaching enhanced
students final exam scores may be due to its positive
impact on the usual performance of students.

Students’ evaluation on flipped classroom teaching in
physiology course

All the students in the flipped classroom (n=62) were
invited to complete a questionnaire, and 58 students
(93.5%) responded. First of all, the results showed that
77.58% of the students thought the flipped classroom
teaching improved their knowledge acquisition. There
were only 8.62% who thought that flipped classroom
teaching had little impact on physiology knowledge gain
(Fig. 2).

Importantly, most of students perceived that flipped
classroom teaching improved their learning abilities,
including self-study ability (86.21%), collaborative and
problem-solving skills (~70%), communication and pre-
sentation skills (60.34%), and clinical thinking ability
(43.1%) (Fig. 3).

A Traditional teaching B Flipped classroom

100- 100+
£ 80+ . ® 90
<] . . . <]
Q o Q
] 2]
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c c
o 60 o 80
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40 1 1 . I I 1 70 T T T T 1
50 60 70 80 90 100 50 60 70 80 920 100

Final exam score

Final exam score

Fig. 1 Correlation between online score and final exam score of students in the flipped classroom (n=62) and traditional teaching class (n=69)
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Fig. 2 Survey of flipped classroom teaching on the improvement of stu-
dents’knowledge acquisition

Further survey on the potential contributors of flipped
classroom in enhancing learning effectiveness revealed
that group collaborative learning (72.41%) was the most
dominant contributor. In addition, about 50% of the stu-
dents thought that flipped classroom helped to improve
learning effectiveness by the diverse teaching methods
(58.62%), rich teaching resources (55.17%), and active
classroom environment (46.55%) (Fig. 4).

We also surveyed the potential characteristics of
flipped classroom teaching that attract students. About
60% of student showed positive attitudes toward teaching

Self-study ability:

Cooperation ability

Ability of analyze and solve problems
Communication and presentation skills

Clinical thinking
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design and teaching environment (62.07%) and teaching
arrangement (60.34%). Over 50% of students acknowl-
edged the level of students’ engagement and presenta-
tion of group learning in the flipped classroom teaching
(Fig. 5).

Discussion

Our results demonstrate that flipped classroom teaching
approach is an effective and well-accepted modality for
the entirety of physiology education. It not only improves
the learning outcome of physiology including student’s
academic performance and learning skills acquisition,
but also provides better formative assessment on the
whole learning process. Furthermore, most students who
participated showed positive attitudes toward flipped
classroom teaching in physiology course.

Flipped classroom can improve students’ learning
outcomes

Performance of the final examination in the present
study suggested that the flipped classroom technique
enhanced mastery of physiology content. Our results also
showed that the final exam scores were correlated with
students’ usual performance in the flipped classroom
but not in the conventional teaching class, suggesting
that the improvement of learning outcome may be due
to its positive effects on students’ usual performance of

86.21

Fig. 3 Survey of flipped classroom teaching on the students'learning ability

Group collaborative learning
Diverse teaching methods
Rich teaching resources
Active classroom environment:

Timely answering questions

T T T T
20 40 60 80

Ratio of students(%)

1
100

72.41

T T T T
20 40 60 80

Ratio of students(%)

1
100

Fig.4 Survey on the potential contributors of flipped classroom teaching in promoting learning effectiveness in physiology



Lu et al. BMC Medical Education (2023) 23:233

Teaching design and teaching environment
Teaching arrangement

Level of students engagment

Presentation of group learning

Classroom quiz
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Fig. 5 Survey of students’evaluation on advantages of flipped classroom teaching

flipped classroom teaching. The effectiveness of flipped
classroom teaching has been increasingly investigated
in medical education. Several studies proved that flipped
classroom teaching was a successful approach to medical
education for ophthalmology, nursing, and pharmacology
etc. [9-11] Researchers found that perception of students
toward medical teaching could be greatly improved in
flipped classroom. It helped students achieve better aca-
demic performance in their learning [21, 22]. Recently,
a study also indicated that flipped classroom teaching
increased students’ learning effectiveness in physiol-
ogy course, and facilitated the learning of the follow-up
medical courses in long-term [2]. This may be associated
with the more motivation and participation, better self-
directed study and deep discussion in flipped classroom.

The effectiveness of flipped classroom teaching can
also be attributed to high-quality online resources [23].
In our study, the major online learning materials is the
physiology online resource created by ourselves, which
including micro-video lectures, knowledge outlines,
courseware and exercises etc. It allows students to click
the file and learn on their own at any time and any place.
Furthermore, students can rewind repeatedly to deepen
and consolidate knowledge. So, our physiology online
resources allow personalized learning and promote the
implementation of flipped classroom. In addition, our
questionnaire results suggest that the success of flipped
classroom for physiology may be also associated with
appropriate teaching design and arrangement, and active
teaching environment in this teaching method.

Flipped classroom is helpful to the development of
students’ abilities

Medical students are required to master basic knowledge
as well as learning abilities for the follow-up clinical prac-
tice [24]. Our questionnaire survey showed that most of
students who participated perceived that flipped class-
room teaching improved their skills-set gain, including
self-learning ability, collaborative and problem-solving

skill, communication and presentation skill, and clinical
thinking skill.

Flipped classroom teaching method can promote the
self-learning ability because students are asked to fol-
low the self-study task list via online resources to gain
the basic knowledge before class. During the face-to-face
class time, students are devoted to resolving problems
using the new knowledge by group discussion with their
peers. The teachers gave comments and guidance on the
discussion and answers of the students to expand knowl-
edge. The interactive activities between students and
teachers improve students’ higher-order abilities acqui-
sition such as cooperative and collaborative skill, prob-
lem-solving skill, and clinical thinking ability in flipped
classroom [25, 26].

Flipped classroom allows a formative evaluation system

A scientific teaching evaluation system can effectively
stimulate the engagement of learners and provide impor-
tant guarantee for talent training [27]. In contrast to the
traditional physiology teaching in which the assessment
of students’ learning outcome is mainly indicated by
their performance of final exam, the flipped classroom
approach allows to establish a formative evaluation sys-
tem over the whole learning process. Because the teach-
ing process of flipped classroom is consist of pre-class,
in-class and after-class. The usual performance of stu-
dents before, during, and after class can be assessed by
the teachers or collected by the online learning platform.
In our research, the final grades of physiology course
are the sum of usual performance (40%) and final exam
scores (60%), which is considered as a formative evalu-
ation method on the learning effectiveness of physiol-
ogy. Compared with traditional evaluation method, this
formative evaluation system can effectively encourage
students’ enthusiasm for learning, help teacher to adjust
their teaching plans at the time needed, and significantly
improve the teaching effect. Studies have shown that for-
mative evaluation can improve the learning outcomes of
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students in medical education [28, 29]. Our results also
demonstrated that the online scores of students were
higher in the flipped classroom, and it was significantly
correlated with the final exam scores, indicating that
flipped classroom teaching can improve the mastery of
physiology knowledge by promoting students’ usual per-
formance in the whole learning process.

Study limitations

Several limitations of flipped classroom teaching need
to be considered. First, flipped classroom teaching may
increase the workload for the students, so that some
students may be anxious and lost learning motivation
due to insufficient pre-class preparation time. The edu-
cators should always monitor the learning progress of
students and give appropriate guidance to help students
keep learning motivation. Second, some evaluations
of the flipped classroom strategy are based on group-
assessment rather than individual students, so that
some students who did not participate in group learn-
ing and discussion may even get same scores with their
peers. Therefore, an updated evaluation system would be
required to assess students’ compliance (i.e., participa-
tion, engagement, attendance) during the teaching pro-
cess [30]. Lastly, the number of enrolled subjects in the
present study is relatively small. It might be interesting if
delivering the flipped classroom teaching to all students.

Conclusion

Flipped classroom teaching combined with our physiol-
ogy online resources provides a more effective teaching
approach for physiology education. It can improve stu-
dents’ academic grades as indicated by final exam score
and usual performance, promote higher-order ability-set
acquisition, and allow a rationalized formative evaluation
system. Future studies should assess the quality control of
the teaching process and evaluate students’ compliance
in this teaching approach.
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