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Abstract
Background: The present research aims to explore and evaluate a novel teaching model called FC-
integration, which integrates multiple teaching methods including �ipped classroom, case-based learning
(CBL), problem-based learning (PBL) and team-based learning (TBL) assisted by Rain Classroom in
periodontology education for Chinese undergraduates.

Methods: 200 senior undergraduate students in Grade 2012, 2013 and 2015 were involved in this study
from 2016 to 2019. The novel teaching model was applied to the chapter "gingival disease" for Grade 2013
and 2015 students (F group, n=118). As the control, the teacher gave a traditional lecture on the chapter
"periodontitis" for Grade 2013 and 2015 students (T group 1, n=118) and the chapter " gingival disease " for
Grade 2012 students (T group 2, n=82). The students �nished a questionnaire and a quiz after the class.

Results: (1) The classroom atmosphere was more inspiring and animating in the F group than in the T
group. The questionnaire survey showed higher satisfaction in the F group than in the T group (73.73% vs.
58.47%, P< 0.05). In addition, the Visual Analogue Scale (VAS) score in the F group was higher than that in
the T group (7.69±1.69 vs. 7.03±1.91, P <0.05). (2) The average score on the quiz in the F group was higher
than in the T group 1 (71.60±13.74 vs. 55.03±16.83, P <0.05) and T group 2 ( 71.60±13.74 vs. 63.92±12.34,
P <0.05).

Conclusions: The application of the novel model could help students improve their learning e�ciency and
clinical skills in the diagnosis and therapy of periodontal diseases.

Background
Periodontology is an important and basic clinical topic in stomatology. It focuses on periodontal diseases in
terms of etiology, clinical �ndings, diagnosis, treatments, prevention, etc. In recent years, medical tangle in
China has increased dramatically. The phenomenon could be partly due to the ine�cient medical education
in China [1]. Most medical students have received little training in the use of theoretical knowledge to solve
real clinical problems. As a result, students cannot treat clinical cases properly. Accordingly, it is extremely
important to improve teaching quality. Unfortunately, there are some intractable problems in the education
of stomatology in China. According to a survey in 2010, class hours for stomatology accounted only for
approximately 30% of the total class hours in Chinese mainland medical schools compared with 60%-75%
in the United States [2]. Zhong et al. [3] found that class hours for periodontology accounted for only 4.1%
of the total class hours for stomatology in China. Moreover, traditional lectures only focus on knowledge
transmission while ignoring knowledge assimilation. Students must review information after class without
teachers’ assistance [4]. Therefore, a new teaching model is desperately needed to improve teaching
e�ciency for Chinese undergraduates.

The �ipped classroom (FC) model, a new teaching model, reconstructs the learning process of students [5].
The FC is a �ipped teaching arrangement derived from the traditional classroom and characterized by the
delivery of materials in advance of the class session [6]. The class session is then dedicated to deeper
discussion, Q&A and problem solving [5, 7]. There are many related studies on the FC model [8–10], and



Page 3/15

some Chinese medical schools have used it in their pedagogy [11–13]. However, there are few reports on the
application of the FC model in dental education, especially in the teaching of periodontology. In addition,
problem-based learning (PBL), case-based learning (CBL) and team-based learning (TBL), including the FC
model, are also student-centered learning methods aimed at emphasizing the students' self-learning and
collaborative learning [14, 15]. However, no study has been reported on the integration of all these teaching
methods, especially for the teaching of periodontology.

Information technology or networking can be used to deliver learning materials prior to a class session in
the FC model [16]. Rain classroom (RC) is a new intelligent teaching tool developed by Tsinghua University.
It can build a powerful learning platform with the help of WeChat on the mobile phone and PowerPoint on
the computer. The purpose is to enhance the classroom teaching experience, and to make teachers and
students more interactive and more convenient [17]. Teachers can also build groups on RC for the students
to join in and share learning materials, �ll out questionnaires, and so on. Therefore, RC is a promising
method to improve the e�ciency of classroom teaching.

In this study, we created a novel teaching model called FC-Integration. The model integrates multiple
teaching methods, including �ipped classroom, PBL, CBL and TBL, which is assisted by RC. The purpose of
this study is to establish and evaluate the FC-Integration teaching model for periodontal education.

Methods
This study has been approved by the Institutional Ethnic Committee.

Teaching contents, participants and grouping

Teaching contents included the chapters on "gingival diseases" and "periodontitis" in the textbook on
Periodontology edited by Huanxin Meng (4th edition) [18].The participants were 82 students in Grade 2012,
57 students in Grade 2013 and 61 students in Grade 2015 were involved in this study from 2016 to 2019
(n=200). They were all undergraduate students at the fourth year level at the School of Stomatology, China
Medical University. All students received instruction from Prof. Xiaolin Tang. Students in Grade 2013 and
2015 were taught the "gingival diseases" chapter using the FC-integration model (F group, n=118). As the
control, the teacher gave a traditional lecture on the chapter "periodontitis" for Grade 2013 and 2015
students and the chapter " gingival disease " for Grade 2012 students (T group 2, n=82).

Teaching procedure

The implementation process is shown in Figure 1.

In the F group, one week prior to the course, a RC group was established to deliver a PowerPoint �le and a
video �le about the "gingival diseases" chapter. The video �le had been shown on the website by the
Chinese Stomatological Association in 2013 as an outstanding teachers’ video made by Xiaolin Tang
(http://www.cndent.com/index.php/Home/Index/news?newsId=2805). During the F group class, 6 typical
clinical cases of gingival diseases were displayed according to the CBL teaching method. According to the
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PBL teaching method, the teacher asked 10 questions for students to analyze and discuss in groups, also
based on the TBL method. The cases and questions covered the key points of the courses. Finally, the
teacher summarized the key points.

In the T group, the teacher was the center of the classroom and taught the students using PowerPoint and
blackboard writing. There was little class discussion due to limited time.

After class, a questionnaire was released through the RC for students to rate the two models. The contents
of the questionnaire includes a survey of satisfaction on a 5-point Likert scale and the Visual Analogue
Scale/Score (VAS, 1=lowest rank; 10=highest rank, Table 1), and a few questions to evaluate the
signi�cance of the FC-integration model compared with the traditional teaching model (see Table 2 for
speci�c contents). A test was then performed to evaluate the learning e�cacy of the two teaching models.
The questions included multiple-choice questions and short-answer questions. There were 10 multiple-
choice questions at 5 points for each and 1 for short answer question at 50 points for a total score of 100
points. To ensure the accuracy of the evaluation, the quantity, type and di�culty of the tests designed for
the two groups were matched with each other.

Statistics

All statistical analyses were performed using SPSS 21.0. The continuous variable data were tested using a
one-sample K-S test to verify the normal distribution. The normal distribution data were compared using a
paired-samples t test. A cross-tabulation analysis and a Chi-squared test were used to compare the
satisfaction of the two models in the questionnaires. Signi�cance was considered to occur at P< 0.05.

Results
Results of the questionnaire

Students in Grade 2013 and 2015 participated in the questionnaire survey (n=118). The results of
questionnaire are as follows:

Comparison of satisfaction

The result of the Likert scale analysis showed that the satisfaction of the F group was signi�cantly higher
than that of the T group 1 (P=0.009). The overall satisfaction rate of the F group was 73.73%, and that of
the T group 1 was 58.47%. In addition, 16.95% of the students in the F group rated that they were "very
satis�ed" with the model, and 56.78% were "satis�ed", while fewer students in the T group 1 rated that they
were "very satis�ed" (11.02%) and "satis�ed" (47.46%) with the traditional model (Table 1).

The results of VAS showed that the mean rating of the F group was 7.69±1.69, which is higher than that of
the T group 1, 7.03±1.91 (P=0.005).

Evaluation of the FC-integration model
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In total, 85.59% (101/118) of the students believed that the preclass preview of the PowerPoint and video
�les developed their self-learning potential and gave them a preliminary understanding of the courses;
68.64% of the students (81/118) believed that the FC model made the best use of class time to solve real-
case problems and focused on the key knowledge points. In addition, 67.80% of the students (80/118)
believed that the FC model was superior to the traditional model. Some students (45.76%, 54/118) could not
understand the learning materials prior to class because they lacked self-learning abilities, and 17.80% of
the students (21/118) felt that the FC-integration model had no in�uence on their learning ability. Moreover,
76.27% (90/118) of the students believed that CBL and PBL could help them in future clinical practice, and
77.12% (91/118) of the students believed that TBL could improve their abilities to communicate and solve
di�culties. A total of 65.25% of the students (77/118) preferred to participate in TBL rather than self-
learning, and 67.80% (80/118) of the students believed TBL could improve learning e�ciency, especially for
students with weak learning ability. Finally, 76.27% (90/118) of the students believed that the FC-integration
model would contribute to their clinical practice in the future, and 61.86% (73/118) believed that it would
help them improve test scores. See Table 2.

Evaluation of assistant teaching means---RC

In total, 81.36% of the students (96/118) believed that they could access more learning materials through
the RC. In addition, 81.36% of the students (96/118) believed that they could communicate with teachers
promptly and solve di�cult problems using the RC group, and 71.19% (84/118) believed that the platform
as well as the group could be used as an effective tool for the distribution of teaching materials. Moreover,
72.88% (86/118) believed that using the RC could improve their learning e�ciency to the largest extent,
while 71.19% (84/118) believed the RC was necessary to current instruction. Only 6.78% (8/118) believed
that RC made little sense for assisting teaching and learning. See Table 2/Figure 2.

Comparison of the test scores

All of the students took the test. Compared with the T group 1 and the T group 2, the test scores of the F
group were remarkably higher in the multichoice questions (P1<0.001, P2<0.001), short-answer questions
(P1<0.001, P2=0.001) and total scores (P1<0.001, P2<0.001). See Table 3 and Table 4.

 

Discussion
This study explored a new type of teaching model, the FC-integration model that integrates FC, PBL, TBL
and CBL and is assisted by RC. Although previous studies have tried to evaluate new teaching models, they
have only focused on one or two teaching method(s) [19–21]. In the present research, the FC-integration
teaching model was used in the teaching of periodontology, a highly practical subject. Fortunately, the
results of our research demonstrate the effectiveness and advantages of the novel model.

Our results demonstrate that the FC model can help students improve their self-learning abilities. A total of
85.59% of the students believed that the preclass preparation activities developed their self-learning
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potential, while 68.64% believed the FC model made the best use of class time. A meta-analysis reported
that the FC method is associated with greater academic achievement than the traditional approach to
higher-level learning outcomes in medical education [22]. Some researchers have used the FC model in
stomatology education, for example, in dental anatomy [23, 24], a practical preclinical dental skills course
[25] and a �xed prosthodontic course [20], and have achieved satisfactory results. Only one study reported
�nding the FC model effective when applied in the practice plan on periodontal diagnosis and treatment
[26]. However, as opposed to our research, they used no other teaching method.

In the present research, regarding the CBL, PBL and TBL methods, the students highly praised their e�cacy.
Students believed that the CBL and PBL could help improve their future clinical practice. Furthermore, they
believed that TBL could improve their abilities to communicate with each other and solve di�culties.
Previous studies have demonstrated that CBL, PBL and TBL can obtain excellent outcomes in various
courses [27–29]. In this study, we integrated CBL, PBL and TBL with the �ipped classroom to form an
organic integrity: the FC-integration model. By combining the advantages of these teaching models,
students' initiative and interest in learning were enhanced, and their comprehensive analysis ability was
improved.

In this study, most students provided positive comments about RC-assisted teaching. They believed that RC,
a crucial teaching method, could assist teaching in a convenient and timely manner. These evaluation
results demonstrate that RC is an e�cient platform that can improve teaching e�ciency. In previous
studies, several platforms have been used to assist the application of the FC model. Real-time
communication software plays an indispensable role in contemporary education and can improve teaching
e�ciency [30, 31]. Some scholars used networks such as the NextGenU website [32] and the Virtual
Learning Environment (VLE) [25] established on the network to provide students with learning materials.
However, compared with RC, these network platforms have some shortcomings. They lack the real-time
communication function of RC. Moreover, their interfaces are not as concise and friendly as those in the RC.
More importantly, RC helps students make use of their discrete time to study using their mobile phones.

The FC-integration model improves student test scores. We found that the scores of the F group were
signi�cantly higher than those of the T group. The objective choice questions mainly examine the students'
mastery of the knowledge points, while short-answer questions mainly examine the students' ability to
apply that knowledge. The above results indicate that students in the F group can grasp more knowledge
points in a short time. The average of the total score of the control groups was 55.03 ± 16.83 (T group 1)
and 63.92 ± 12.34 (T group 2), which indicates that it is di�cult for students to grasp new knowledge
e�ciently when they receive only traditional classroom lectures.

Although the FC-integration model obtained positive feedback from the students in the present study, it
nonetheless has some limitations. Stephney et al. [33] found that in a neuroanatomy course, the �ipped
classroom model did not improve the teaching process and results. A probable explanation is that the
�ipped classroom model may be not applicable to courses with complex and abstract contents. Therefore,
this FC model is more suitable for teaching concrete and plain contents in medical education.
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Conclusion
In conclusion, the results show that the FC-integration model can improve students' self-learning ability and
clinical skills. Furthermore, this novel model will help teachers achieve the utmost teaching e�ciency. In the
future, we should improve this model and extend it to other clinical disciplines to make it more practical and
feasible.

Abbreviations
CBL
Case-based learning; PBL:Problem-based learning; TBL:Team-based learning; VAS:Visual Analogue
Scale/Score; FC:Flipped classroom; RC:Rain classroom
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Tables
Table 1  Satisfaction with the FC-integration model

 

 

Satisfaction Degree    

Very
Satis�ed

Satis�ed normal Unsatis�ed Very
Unsatis�ed

Total P*

Group F
Group

n 20 67 31 0 0 118 0.009

% 16.95 56.78 26.27 0 0 100.00

T
Group
1

n 13 56 46 0 3 118

% 11.02 47.46 38.98 0 2.54 100.00

FC: Flipped Classroom; F group: the 2013 and 2015 students receiving the FC-integration teaching model; T
group 1: the 2013 and 2015 students receiving the traditional teaching model. the teacher gave a traditional
lecture on the chapter "periodontitis" for 2013 and 2015 students.
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Table 2 Evaluation of the FC-integrated model and its signi�cance
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    Questions Degree

  Very
Agree

Agree Normal Disagree Very
Disagree

The evaluation
for FC integrated
with CBL(PBL)
and TBL

  Help students fully
develop self-learning
abilities

47.46 38.14 12.71 1.69 0.00

  Help understand learning
contents pre-class

29.66 38.98 27.97 3.39 0.00

  Cannot take full use of
learning materials for
students with poor self-
study ability

5.08 40.68 30.51 18.64 5.08

  Help improve
examination scores

22.03 39.83 34.75 3.39 0.00

  Better than traditional
model

21.19 46.61 27.12 5.08 0.00

  No in�uences on 
Learning

1.69 16.10 27.97 45.76 6.78

  CBL and PBL can help
future clinical practice

20.34 55.93 17.80 4.24 1.69

  TBL can improve their
abilities to communicate
and solve di�culties

34.75 42.37 18.64 4.24 0.00

  Prefer to participate in
TBL compared with self-
learning.

16.95 48.31 25.42 8.47 0.85

  TBL can improve learning
e�ciency, especially for
students with weak
learning ability.

17.80 50.00 27.97 4.24 0.00

The RC
assistance

  An e�cient tool for
instruction

40.68 40.68 16.10 2.54 0.00

  Can improve e�ciency of
instruction

31.36 41.53 25.42 1.69 0.00

  An essential tool for
instruction

27.97 43.22 27.12 0.85 0.85

  Can deliver more learning
videos and materials

38.98 42.37 14.41 3.39 0.85

  Being meaningless 1.69 5.08 32.20 51.69 9.32

FC: Flipped Classroom; CBL: Case-based Learning; PBL: Problem-based Learning; TBL: Team-based
Learning; RC: Rain Classroom.
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Table 3 Analysis of the Test Scores 1

  n Multiple-choices
scores

[M(P25, P75)]

Objective
questions scores

Total scores Pm Po Pt

F
group

118 90 90, 100 7.92±3.08 71.60±13.74 <0.001 <0.001 <0.001

T
group
1

118 70 60, 80 6.39±3.45 55.03±16.83

F group: the group receiving the FC-integration teaching model; T group 1: the 2013 and 2015 students
receiving the traditional teaching model. Pm: P value of multiple-choices; Po: P value of objective questions
scores; Pt: P value of total scores.

 

 

 

 

Table 4 Analysis of the Test Scores 2

  n Multiple-choices
scores

[M(P25, P75)]

Objective questions
scores

Total scores Pm Po Pt

F
group

118 90 90, 100 7.92±3.08 71.60±13.74 <0.001 0.001 <0.001

T
group
2

82 85 80, 90 6.46±2.73 63.92±12.34

F group: the group receiving the FC-integration teaching model; T group 2: the 2012 students receiving the
traditional teaching model.  Pm: P value of multiple-choices; Po: P value of objective questions scores; Pt: P
value of total scores.
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Figure 1

The �owchart of the teaching procedure F group: the group using the FC-integration teaching model; T
group: the group using the traditional teaching model; RC: Rain Classroom.
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Figure 2

Evaluation of the reform pedagogical model and its signi�cance A: The evaluation of FC integrated with
CBL (PBL) and TBL; B: The evaluation of RC-assistance. FC: Flipped Classroom; CBL: Case-based Learning;
PBL: Problem-based Learning; TBL: Team-based Learning; RC: Rain Classroom.


