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ARTICLE INFO ABSTRACT
Keywords: "Flipped classroom" has subverted the traditional classroom teaching model and is believed to
Improving classroom teaching have a positive impact on knowledge acquisition and skill training for higher education students.

Post-secondary education

Teaching/learning strategies

Flipped classroom

Pre-class learning based on video production

The pre-class learning phase is considered a key factor in the success of flipped classrooms.
However, currently, the pre-class learning phase of flipped classrooms mainly relies on video
watching, which makes students passive receivers. Teachers need to invest a lot of time and re-
sources in developing online videos, which greatly increases students’ learning time and tasks.
This also hinders the promotion of this teaching model. This study designs a pre-active learning
strategy based on student participation in video production and a flipped classroom teaching
model, and uses questionnaire surveys and interviews to observe students’ reactions, explore its
impact on students’ satisfaction, and empirically analyze the path it affects students’ satisfaction.
We found that in the pre-class phase, the greater the ease of use and usefulness perceived by
students in video production, the higher the students’ satisfaction. Perceived enjoyment and
perceived value are important intermediary paths. In addition, based on the research results, this
study proposes suggestions for a flipped classroom teaching model based on video production.
The results of this study will provide important references for the pre-class learning phase of
flipped classrooms.

1. Introduction

Flipped classroom is a blended learning method that involves students watching videos and completing exercises as pre-class
activities, while more class time is devoted to problem-solving, in-depth concept analysis, and peer interaction. The "flipped class-
room" reverses or flips the traditional lecture-based teaching mode and has received widespread attention in recent years [1].
Compared to the traditional teaching model where the teacher is the center of instruction and students are passive recipients of
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information, the flipped classroom model places students at the center of learning. Therefore, active learning, cooperative learning,
and other learning theories can be fully utilized in the flipped classroom teaching model [2]. This “student-centered” teaching model is
considered effective for knowledge acquisition in higher education and essential for skills development [3]. Based on active and in-
dependent learning, students participate in various teaching processes, including pre-class, in-class, and after-class evaluation [4].
Students often prepare for class in advance by watching videos so that they can acquire knowledge and skills more effectively by
combining classroom learning and discussion.

Student participation in pre-class learning is critical to classroom activities and overall learning and is also a key factor in the
success of the flipped classroom [5]. Flipped classroom model can not only effectively improve students’ knowledge and skills, but also
increase students’ active participation in the classroom [3]. According to Self-Determination Theory, supporting basic psychological
needs can promote students’ intrinsic motivation and extrinsic motivation, thereby enhancing their well-being [6]. Flipped classroom
teaching method has special added value for students with unsatisfactory academic performance, which can significantly improve
their learning satisfaction and fully meet their three self-determined needs of competence, autonomy, and relatedness [7].

Due to the ease of availability and use of videos, students’ primary method of preparation before class is through watching videos
[8,9]. In the era of online learning, the flipped classroom teaching model based on online video learning allows students to choose their
own learning time and location, which helps to cultivate their active learning habits and personalized learning [10]. Forster et al. [11]
found that students who watched videos before class were more effective in short-term and long-term knowledge acquisition, and that
the quality of video watching was more important than quantity. However, some scholars have also questioned video watching. The
quality of videos is the biggest challenge to the success of the flipped classroom [12]. The existing pre-class learning environment of the
flipped classroom relies mainly on digital resources prepared and distributed by teachers, such as online videos and pre-recorded
lecture videos. Students are still passive recipients of knowledge. The pre-class preparation phase of the flipped classroom mostly
involves moving the teaching phase from offline to online and from inside the classroom to outside the classroom. Whether students
have completed the pre-class preparation and whether these preparations are useful have also become issues faced by the flipped
classroom [9].

In a flipped classroom, participatory activities are more effective in improving students’ attention than traditional passive lectures
[13]. Encouraging students to participate in or take on classroom tasks can improve their self-efficacy and satisfaction [14,15]. Stu-
dents also demonstrate a better understanding of knowledge [16]. Flipped classroom strategies based on active learning [8,17,18],
behavioral engagement [19,20], and improved learning attitudes [21,22] are widely believed to enhance academic performance or
knowledge retention.

However, this new teaching mode faces many challenges, particularly in pre-class tasks. For example, pre-class tasks are often
difficult to complete, student participation is low, and self-regulation is ineffective. The difficulty of pre-class tasks is reflected in the
substantial time required for students to engage in independent learning beforehand, while also facing issues of unclear direction and a
lack of constructive feedback on their pre-learning efforts [12]. These challenges result in students struggling to adapt effectively to the
flipped classroom approach or complete all the pre-class learning content for each session, ultimately leading to subpar performance in
classroom activities. Furthermore, compared to traditional teaching methods, teachers invest more time and effort in preparing
pre-class materials, such as recording videos [23]. Research by Wanner and Palmer [24] found that the time required for teachers to
prepare pre-class materials for the flipped classroom can be much longer than that for traditional teaching methods. Teachers need to
prioritize the quality of pre-class videos, as poorly designed video lectures can have negative learning outcomes. Evaluation of per-
formance, competence, and satisfaction are the most used indicators, but there is no standard evaluation system for the flipped
classroom, and the research results are contradictory [12]. Current research on flipped classroom student preparation is mostly focused
on the use of video recommendations, technical equipment, and network platforms for playback [25], with relatively few studies on
the "proactivity" and "participation" of students in the preparation stage [12].

Instead of investing a lot of time and resources in developing online videos and other extracurricular materials, it may be more
effective to design better active learning strategies [26]. Could "flipping" the classroom be implemented in the pre-class video-watching
stage to stimulate students’ active learning and engagement before class? Could there be better ways to assess the effectiveness of
students’ pre-class learning, rather than just measuring the amount of time or number of videos watched? With the development of
information technology education and the widespread availability of video tools, can students participate in video production instead
of just watching videos? However, there is limited research on the use of student-created videos or involvement in pre-class teaching
resources for pre-class teaching strategies.

Therefore, through this work, we aim to design active learning strategies for the pre-class stage and analyze whether this approach
produces better results and how it does so. We attempt to analyze the causal relationship between students’ perception of different
aspects of the classroom dynamics, their attitudes, and their course satisfaction. Additionally, compared to engineering, education, and
medical disciplines, social science teachers have concerns about teaching design time and whether students will participate, which
leads to a relatively small number of "flipped classroom" teaching situations in social science [17,27]. Therefore, this article provides
valuable insights into the design (structure and learning activities) of a flipped classroom for public management, a social science
course, and analyzes the participants’ reactions to the course, providing insights into the practice of flipped classrooms in social
science.

The study makes the following key contributions. Firstly, this study is grounded in the instructional context of social science
classrooms and establishes a connection between social science courses and the flipped classroom teaching model. Secondly, previous
research has predominantly focused on the impact of flipped classroom on student satisfaction, without exploring the underlying
mechanisms. This study offers a theoretical exploration of the significant role and specific pathways through which video production
influences student satisfaction in the flipped classroom, thus expanding the existing literature on teaching strategies in flipped
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classrooms. Finally, this study empirically analyzes the correlation between video production in the flipped classroom model and
student satisfaction and reveals the mediating role of perceived value and perceived enjoyment in regulating this relationship. It
enriches the pedagogical theory and empirical knowledge of the flipped classroom model and boosts awareness of the education field
as a whole.

The rest of the article is organized as follows. Section 2 reviews relevant research on the pre-learning phase of flipped classroom and
factors that may influence students’ satisfaction, and proposes hypotheses. Section 3 describes the research design, including the
improvement strategy of video production in flipped classroom, the participants, variables and exhibits the benchmark models. Section
4 analyzes the research results. Section 5 discusses the results of the open-ended questions of the questionnaire and follow-up in-
terviews. Section 6 presents the discussion and implications.

2. Literature review and hypotheses
2.1. Pre-class preparation and flipped classroom

The flipped classroom places a significant emphasis on the pre-class learning phase of students to achieve success in the classroom.
After summarizing the definition of flipped classrooms, Cheng et al. [28] pointed out that the practical strategy of learning teaching
media before class is an important difference between flipped classrooms and similar teaching strategies. In this model, students are
responsible for their own learning processes, and have the flexibility to choose the time, place, and environment before class, and
manage their own learning progress [29]. Lesson learning is shifted from the classroom to pre-class, which opens up time for reflection
and active learning in the classroom [27]. Akcayir and Akcayir [12] summarized related research on flipped classrooms, and pointed
out that videos have become the most important form of pre-class learning, accounting for 79% of all its forms.

With the development of the Internet and information technology, videos are widely used in the pre-class learning stage of flipped
classrooms. Scholars have found that this model also faces many challenges. Compared with traditional passive learning in classrooms,
the pre-class learning stage of flipped classrooms undoubtedly increases students’ learning time and tasks, which can make students
resistant and unaccustomed to this new model [30]. Students may weaken the effectiveness of classroom learning due to insufficient
pre-class preparation or limited preparation time. Therefore, some students were dissatisfied with this teaching method or considered
it useless. Clear learning guidance, such as telling students how to arrange their time and learning materials, can effectively avoid
students’ self-learning anxiety and confusion [31].

Similarly, teachers must prepare flipped pre-class learning materials, such as pre-recorded videos, which are time and energy
consuming. Wanner and Palmer [24] found that the variety of video types and time, such as mini or lecture videos, can provide
"flexible" learning modes for different students. However, the preparation time for teachers may increase six times to that of the
original traditional course preparation time. Limited time and energy and a lack of technology hinder the implementation of flipped
teaching models in the social science curriculum. Jong [27] pointed out that teaching administrators can develop supporting policies,
such as recruiting student assistants to undertake technical work and providing technical support for preparing pre-class learning
materials, to relieve teachers’ pressure on time and technology.

Kay [25] proposed that, when video podcasting was applied to education, attention should be paid to its quality and the design of
teaching strategies based on individual differences. According to Kong [32], new technology experiences in flipped classrooms can
help students develop digital literacy and improve their learning abilities. Huang et al. [18] proposed the use of artificial intelligence
technology to provide personalized video recommendations before class, which can improve students’ learning performance and
engagement. Thai et al. [33] pointed out that due to the decline in students’ attention, the time for pre-class video lectures should be
controlled within 20 min. Howell [17] found that testing pre-class learning content could motivate students to attach importance to it,
and help them understand and remember the content. Alyoussef [34] discovered that providing pre-class videos together by teachers
and students can increase students’ overall understanding of class content.

Accordingly, we hypothesize the following:

H1. In the pre-class phase, students’ perceived ease of use of video production can positively affect their satisfaction.

H2. In the pre-class phase, students’ perceived usefulness of video production can positively affect their satisfaction.
2.2. Flipped classroom and students’ satisfaction

The investigation and evaluation of the "flipped classroom" has provided a lot of feedback for the reform and innovative practice of
classroom teaching, and a lot of experience and evidence for its implementation in higher education. Scholars have conducted a lot of
research on the teaching reform of the flipped classroom in higher education, and questionnaires and interviews are the most
commonly used methods for evaluation, which can understand students’ views on changes in learning strategies [21]. For example,
Wanner and Palmer [24] used two questionnaires and focus group interviews before and at the end of the course to understand
students’ views on flexible learning, flipped classrooms, and other learning changes. The study investigated how universities can
evaluate to increase student experience, flexibility, and learning outcomes. Most studies support the effectiveness of the flipped
classroom [21,35,36]. For example, Fadol et al. [37] compared three teaching modes: online, flipped, and traditional, and found that
students’ performance and perception were best in the flipped teaching mode.

The views and attitudes of students can affect their adaptation and satisfaction with the teaching environment [34].
Murillo-Zamorano et al. [3] constructed a structural equation model to analyze the direct and indirect effects of flipped classrooms on
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students’ satisfaction, and found that knowledge, skills, and student participation were mediating variables. They further noted that
flipped classrooms increase the workload for both students and teachers, and recommended encouraging gamification and digital
innovation to make the increased workload more acceptable.

The success of a flipped classroom depends on whether students are motivated to work independently before class and to actively
participate in class activities. Self-Determination Theory posits that students’ motivation affects their attention and effort in learning
activities [38], and that their motivation orientation affects their behavioral performance and psychological satisfaction [39].
Abeysekera and Dawson [8] noted that the effectiveness of the flipped classroom instruction depends on how well it caters to students’
learning motivations. The novel and challenging teaching methods used in flipped classroom teaching can help students experience
intrinsic motivation and improve their satisfaction.

Accordingly, we hypothesize the following:

H3. In the pre-class phase, students’ perceived ease of use of video production can positively affect their perceived enjoyment.
H4. In the pre-class phase, students’ perceived usefulness of video production can positively affect their perceived enjoyment.

Additionally, innovative flipped classroom learning environments can meet students’ demands for autonomy, competence, and
relevance, thereby generating a higher level of extrinsic motivation [8]. There is increasing research on the integration of the full
application of technology and innovation in teaching strategies to improve the teaching environment. For example, Cheng et al. [40]
believed that experiential learning systems based on mobile technology could stimulate students’ active thinking to improve their
problem-solving ability, as well as their learning performance, attitude, and collective effectiveness. Viberg et al. [41] proposed that in
informal learning outside the classroom teaching environment, instructional design should be based more on learner self-regulation
and intentional and interest-based considerations rather than the curriculum. Bond [42] found that teachers’ IT skills, the time
required to prepare pre-class content, such as videos, and the length and quality of videos were also important factors that affect
participation and satisfaction.

Accordingly, we hypothesize the following:

H5. In the pre-class phase, students’ perceived ease of use of video production can positively affect their perceived value.
H6. In the pre-class phase, students’ perceived usefulness of video production can positively affect their perceived value.

Perceived enjoyment is an example of intrinsic motivation. Perceived ease of use and perceived usefulness are important mediators
of the influence of perceived enjoyment on the students’ receptivity and behavioral performance. According to Alyoussef [34], using
the Unified Theory of Acceptance and Use of Technology (UTAUT) and the Technology Acceptance Model (TAM), students’ satis-
faction and enjoyment experienced during the acceptance of new technology in online flipped classroom learning can positively
promote the perceived usefulness of personal effort and learning outcomes, and improve student acceptance of the flipped classroom
teaching strategy. However, the perception of anxiety associated with the adoption of new technology can hinder the acceptance of the
course. The author further suggests that teachers can innovate teaching strategies, such as using technology training and explanation to
encourage and help students understand the benefits and simplicity of using new technology in flipped classrooms, which can improve
the acceptability and effectiveness of the flipped classroom approach.

Accordingly, we hypothesize the following:

H7. Perceived enjoyment can positively affect students’ satisfaction.

H8. Perceived value can positively affect students’ satisfaction.
Based on hypotheses 1-8, we further propose the following hypotheses:

H9. Perceived enjoyment mediates the relationship between perceived ease of video production and students’ satisfaction.
H10. Perceived enjoyment mediates the relationship between perceived usefulness of video production and students’ satisfaction.
H11. Perceived value mediates the relationship between perceived ease of video production and students’ satisfaction.

H12. Perceived value mediates the relationship between perceived usefulness of video production and students’ satisfaction.
3. Research methodology

This study was approved by the Ethics Committee of Zhejiang University of Finance and Economics (20220920-01Y) and conducted
following the Declaration of Helsinki. All participants were informed of the study content, and verbal informed consent was obtained
from them.

3.1. The study’s design

Public administration is a professional elective course that includes both the study of professional theoretical knowledge and the
analysis and recognition of social public affairs management. The course meets once a week for 1.5 h of classroom teaching. The
theoretical learning of this course is mainly based on traditional teaching methods. Teachers often impart a series of public man-
agement theories to equip students with scientific theoretical tools. However, the teaching of theoretical knowledge often takes up a lot
of classroom time and can be quite tedious. Many theoretical terms require students to spend a lot of time memorizing and
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understanding, which can be easily forgotten.

From the perspective of the teaching objectives of this course, it is not only about imparting some professional theoretical
knowledge to students but also about cultivating their cognitive and logical thinking abilities. The characteristics or advantages of
flipped classrooms are not just about overturning the traditional teaching order, but also contain more innovative elements. Therefore,
I have decided to flip the theoretical learning part of the public administration course, not only allowing students to self-study the
theoretical knowledge before class, but also involving them in the production of classroom video materials. However, students have
never experienced the flipped classroom mode before and do not have experience in video production. Therefore, this study has
established a teaching process based on video production under the flipped classroom model, as shown in Fig. 1, which includes three
stages: flip preparation and video production, in-class coaching and video watching, and application of theory learned by video.

3.1.1. Flip preparation and video production

In the first class, I provided a detailed introduction of the pre-class learning tasks on video production to the students, and played
two video clips as examples. Additionally, I emphasized the importance of mastering video production techniques, as the video
production grades will be an important part of the final grades for this course. I selected 34 key theoretical knowledge points in public
administration, and had the students draw lots to match themselves with a theoretical knowledge point to produce a video explaining
it. To effectively guide the students’ thinking, I provided a brief introduction to these theoretical knowledge points in the first two
classes.

3.1.2. In-class coaching and video watching

According to the teaching arrangement of the course, I played videos made by the students individually, in combination with the
course progress. I also asked students to share their experiences and feelings about making these videos. In addition, to improve
students’ attention while watching class videos, two students were randomly selected to comment on and score the videos after they
were played. In class, teachers will guide students to use their theoretical knowledge to make in-depth interpretations of public
management issues, through case studies and interactions with students.

3.1.3. Application of theory learned by video

The teacher proposed seven cases in class learning that were selected and grouped voluntarily by the students, and seven group
leaders were selected. The case analysis was completed using theoretical knowledge points presented in video lectures. The groups also
gave a class presentation of their analysis during the final class of the course, followed by an analysis report. The grade for the case
study analysis report will also be an important part of the final evaluation for the course.

Opinion formation Face-to-face tutoring Recognize things

Introduction for Classroom Summary and

video production \ / video playback evaluation

Video sample , Self-learning 5  Students “_'3“711 and _,  (ase analysis
playback and video evaluate videos and discussion
production

before class

Traini id / Theoretical
S o nacee explanations in the Papers

production classroom
. . Self-directed Theoretical learning Application of ‘
Flip preparation study before class in the classroom the theory

Fig. 1. Teaching flowchart based on video production.
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3.2. Data collection

After the course ended, the teacher distributed an online survey questionnaire to anonymously collect students’ feedback, which
was used to study their satisfaction and acceptance of using video production as a pre-class learning activity. To validate the results, a
stepwise regression econometric model was constructed in the empirical study and data analysis was conducted using Stata 14. There
were 34 students in the class, and 34 questionnaires were collected with a response rate of 100%. Among the 34 valid questionnaires,
19 were male, accounting for 56% of the total, and 15 were female, which is 12% less than the number of male students. The survey
respondents were mainly third-year students, accounting for 91% of the total, with 9% of the survey respondents being second-year
students.

At the end of the survey, some students provided open-ended comments. Additionally, in the final three weeks of the semester, the
author conducted one-on-one or small group interviews with 12 students. Each interview lasted 20-30 min and was digitally recorded
verbatim. The purpose of the interviews was primarily to understand their opinions on the video production component of pre-class
learning and the video viewing component of the classroom. Both the comments and interviews provided some additional insights into
students’ reactions to the flipped classroom.

3.3. Variables

This study designed a questionnaire based on the American Customer Satisfaction Index (ACSI) [43], the theory of technology
acceptance and use [44], and the multilevel supply-use model of student learning [11] -all of which adopted a relatively accurate scale
for flipped classroom research. Considering the characteristics of the flipped classroom, the descriptions of the items in the ques-
tionnaire were modified to make the expressions clearer and more accurate. The questionnaire comprised two main sections. The first
part was basic information, including gender, grade, and career intention, and the second part concerned students’ satisfaction. The
options in the second part were investigated using a five-point Likert scale representing agreement. A higher score indicated a higher
degree of agreement with the description of the problem, namely, 1 = Strongly Disagree and 5 = Strongly Agree.

3.3.1. Dependent variable

Students’ satisfaction (SS). It is widely believed that students’ satisfaction can predict learning effects and behavioral tendencies
during continuous learning [45,46]. Based on previous research carried out by Zhai et al. [47], this paper adopted an overall eval-
uation and loyalty to measure students’ satisfaction, with specific questions including "I am satisfied with the teaching method of video
production," and "T am willing to continue using this teaching method." The Cronbach’s alpha reliability coefficient was 0.871.

3.3.2. Independent variables

Perceived ease of the video production (PEVP). Learning efficiency and preference in flipped classrooms largely depend on
learners’ mastery of prior techniques [48]. The measurement of PEVP was adapted from the scale of perceived ease of use for platforms
by Sun et al. [49] and Thai et al. [33]. Specific questions include "I can easily learn to make video animation" and "I think the software
to make video is easy to operate." The Cronbach’s alpha reliability coefficient is 0.805.

Perceived usefulness of video production (PUVP). Perceived usefulness is an important factor in the acceptance and sustainable use
of technology [50]. Students are more enthusiastic about using technology when they perceive it as useful. The measurement of PUVP
was adapted from the scale of Sun et al. [49] and Thai et al. [33]. Specific questions include "Through the way of video production, I
have learned a lot of theories of public management before class," "The way of video production is very useful for my long-term study
and work" and so on. The Cronbach’s alpha reliability coefficient is 0.748.

3.3.3. Mediated variables

Perceived enjoyment (PE). Based on Davis’s [44] definition of perceived enjoyment, perceived enjoyment is the term for satis-
faction or pleasure experienced when using technology. Users prefer to embrace fun technologies. As an intrinsic motivation, perceived
enjoyment is positively correlated with students’ satisfaction [51]. The perceived enjoyment measure was adapted from Alyoussef
[34]. Typical questions include "Video making increased my interest in the course" and "Video watching increased my interest in the
course." The Cronbach’s alpha reliability coefficient is 0.826.

Perceived value (PV). According to Chiu et al. [50] perceived value is what students gain in the teaching process, including the
improvement of knowledge, skills, and learning efficiency. PV measurements were adapted from Fornell et al. [43]. Typical questions
include "the ability to independently think and analyze public management policies is improved" and "the comprehensive quality is
improved." The Cronbach’s alpha reliability coefficient is 0.860.

3.3.4. Control variables

Prior learning experience not only guides individuals’ learning but also influences the formation of their attitudes, expectations,
and goals [52]. Therefore, teaching situations must be adjusted according to learners’ experiences. Based on previous studies by
Forster et al. [11], this study not only considers demographic statistical variables, such as gender and grade, as control variables, but
also takes prior learning experience, a factor that presents personal characteristics, as a control variable. The prior learning experience
was adapted from Bourgonjon’s [53] study, with typical questions including "I can determine the pace of my learning and the strategies
Iuse,""I can actively seek solutions," and "T have participated in blended learning formats." The Cronbach’s alpha reliability coefficient
is 0.843.
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3.4. Reliability and validity

Cronbach’s alpha is commonly used as a measure of scale reliability, with values above 0.70 generally considered acceptable in
most social science research [54,55]. The Cronbach’s alpha coefficients of the above variables are all greater than 0.75, indicating that
the reliability of the entire questionnaire is good. Exploratory factor analysis (EFA) was used to verify the validity of the questionnaire
[56]. The overall Kaiser-Meyer-Olkin (KMO) of the factors influencing course satisfaction is 0.765, greater than 0.5, and the P value of
Bartlett’s sphericity test is less than 0.05, indicating that the validity passed the test, and the questionnaire has a reasonable structure
that can stably and effectively measure the factors influencing students’ satisfaction.

3.5. Model specifications
To investigate the impact of video production on students’ satisfaction, this study draws on the mediation effect model proposed by

Baron and Kenny [57] and Zhao et al. [58], and uses causal stepwise regression to test the relevant hypotheses. This method has been
widely used in recent years [59,60]. The specific model is proposed as follows:

SSi = a + B, PEVP; + yControl; + & a
SS; = a + p,PUVP; + yControl; + &

SS; = a + p,PE; + yControl; + & @
SS; = a + p,PV; + yControl; + &

PE, = 7} +/))]PEVP1 + ]/C()I’llr()li + &
PE, :6+ﬂ1PUVP;+yC0ntroli+£i 3)
PV; = 0+ B,PEVP; + yControl; + ¢
PV; = 0+ p,PUVP; + yControl; + ¢

SS; = a+ p,PEVP; + B,PE; + yControl; + ¢
SS; = a+ B,PEVP; + p,PV; + yControl; + &;
8S; = a+ B,PUVP; + p,PE; + yControl; + ¢;
SSi = a+ B, PUVP; + B,PV; + yControl;, + &;

(C))

Where i denotes an individual subscript, « is a constant intercept, #; in Eq. (1) captures the total direct effect of PEVP or PUVP on SS. To
assess the importance of PV or PE, they are introduced into the system through Eq. (2), respectively. The significance of the coefficients
of PV or PE (§, in Eq. (2)) can directly confirm their effect on SS, which tests H; and Hg. The coefficient $; in Eq. (4) represents the
direct effect of PEVP or PUVP on SS after controlling for the influence of PV or PE, while the coefficient 3, denotes the effect of PV or PE
on SS after controlling for the influence of PEVP or PUVP. The decrease in coefficients of PEVP or PUVP (4, in Egs. (1) and (4)) could
provide partial evidence for the important role of PV or PE in linking video production to SS.

To verify the existence of a mediation channel, the following system is proposed. Eq. (3) known as the “mediation equation” [60] is
the determinative equation of PV and PE, which is used to test H3. H4. Hsand Hg. Egs. (1), (3) and (4) form a triangular system [57]
that can directly test the mediation role of PV or PE between PEVP or PEVP and SS. The indirect channel (4, in Eq. (3) multiplied by g,
in Eq. (4)) measures the extent to which PV or PE mediate the relationship between PEVP or PEVP and SS, determining how much of
the increase in SS is due to the enhancement of PV or PE. To test for mediation, it is necessary to focus on the significance of #; and 3, in
Eq. (4), p; inEq. (3) and 3, in Eq. (1) following Zhao et al. [58]. If all of these coefficients are significant simultaneously, the mediating
effect of PV or PE through which PEVP or PEVP affects SS is established. Furthermore, the study employs the Sobel approach [61] for
robustness testing.

Table 1

Descriptive statistics and correlations.
VARIABLES SS PEVP PUVP PE PV
SS 1
PEVP 0.667*** 1
PUVP 0.683%** 0.686%** 1
PE 0.848*+ 0.649%** 0.771%%* 1
PV 0.685%** 0.568%** 0.584%** 0.812%** 1
Mean 4.157 4.029 4.000 4.147 4.074
S.D. 0.552 0.550 0.522 0.539 0.770

Note: N = 34; *** indicate significance at the1% levels; two-tailed tests; SS = students’ satisfaction; PEVP = perceived ease of video production; PUVP
= perceived usefulness of video production; PE = perceived enjoyment; PV = perceived value.
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4. Results
4.1. Descriptive statistics and correlation analysis

The mean values, standard deviations, and correlation coefficients between the variables were analyzed (shown in Table 1). The
average score for the dependent variable, students’ satisfaction (SS), is 4.157, which is higher than the average scores of all the
influencing factors. This indicates that students, overall, have a high level of satisfaction with the flipped classroom teaching model,
and to some extent, it reflects the success of implementing this teaching method. The average levels of all influencing factors have
reached the "agree" level. Among them, the perceived usefulness of video production (PUVP) has the lowest mean score, which is
4.000.

The Pearson correlation coefficient was used to measure the correlation between the variables. In Table 1, SS was significantly
positively correlated with PEVP (r = 0.667,p < 0.01) and PUVP (r = 0.683,p < 0.01). PE was positively correlated with PEVP (r =
0.649,p < 0.01) and PUVP (r =0.771,p < 0.01). PV was significantly positively correlated with PEVP (r = 0.568,p < 0.01) and PUVP
(r = 0.584,p < 0.01). These findings provided preliminary support for subsequent hypothesis testing.

4.2. Hypotheses testing

4.2.1. The effect of perceived ease of use of video production on students’ satisfaction and path analysis

Columns (1) and (2) of Table 2 show the impact of perceived ease of video production on students’ satisfaction. The results in
column (1) demonstrate that perceived ease of video production significantly increases students’ satisfaction. After controlling for
personal characteristics such as prior learning experience, gender, and grade level in column (2), the coefficient of PEVP decreases
from 0.67 to 0.597, but remains significantly positive at the 1% level. These findings indicate that when students perceive video
production to be easier, they tend to have higher levels of satisfaction with it. Perceived ease of video production plays a significant
positive role in promoting students’ satisfaction. Therefore, H; is empirically supported.

Improved perceived ease of video production can enhance perceived enjoyment and perceived value. This viewpoint is supported
by evidence in columns (5) and (7), where the coefficients of PEVP are 0.569 and 0.614, respectively, and both are significant at the 1%
level. Therefore, H; and Hs are confirmed. The coefficients of perceived enjoyment and perceived value in columns (3) and (4) are
0.845 and 0.489, respectively, and both pass the significance test at the 1% level, indicating that perceived enjoyment and perceived
value have a positive promotion effect on students’ satisfaction to varying degrees. This provides supportive evidence for H; and Hg.

In Table 2, columns (2), (5), and (6) present the estimates of the triangular system discussed in Section 3.5, which includes Egs. (1),
(3) and (4), respectively. The findings in column (6) suggest that when perceived enjoyment is taken into consideration, the direct
impact of perceived ease of use on students’ satisfaction with video production becomes insignificant. However, the results demon-
strate that perceived enjoyment has a significant positive effect on students’ satisfaction. Specifically, an increase of one percent in
perceived enjoyment results in a 0.735 percent increase in students’ satisfaction. The mediation analysis of perceived enjoyment
further reveals that perceived ease of use of video production does not directly affect students’ satisfaction, but rather improves it by
influencing perceived enjoyment. Hence, perceived enjoyment fully mediates the relationship between perceived ease of use of video
production and students’ satisfaction, thus supporting Hg.

The results of columns (2), (7), and (8) also indicate that perceived value is an important pathway through which the ease of video
production impacts students’ satisfaction, as shown by the coefficients. After adding the mediating factor of perceived value, the

Table 2
The effect of perceived ease of use of video production on students’ satisfaction.
VARIABLES ) 2 3) 4 ®) 6) ) ®
SS SS SS SS PE SS PV SS
PEVP 0.67%** 0.597*** 0.569%** 0.179 0.614%*** 0.392%**
(0.132) (0.146) (0.145) (0.126) (0.201) (0.152)
PE 0.845%*** 0.735%**
(0.108) (0.131)
PV 0.489%** 0.333**
(0.116) (0.122)
PLE 0.111 0.035 0.036 0.131 0.015 0.332%* 0.000
(0.095) (0.068) (0.103) (0.094) (0.069) (0.131) (0.095)
Gender —-0.032 0.142 0.21 —0.175 0.097 —0.361* 0.088
(0.153) (0.106) (0.15) (0.152) (0.109) (0.21) (0.145)
Grade 0.408 0.21 0.184 0.222 0.244 0.405 0.273
(0.259) (0.184) (0.259) (0.256) (0.183) (0.356) (0.239)
Constant 1.459** 0.596 —0.082 1.376** 1.186 —0.276 0.086 0.567
(0.538) (0.713) (0.512) (0.616) (0.706) (0.521) (0.98) (0.645)
R? 0.445 0.514 0.755 0.525 0.501 0.772 0.529 0.616

Note: N = 34; *, **, and *** indicate significance at the 10%, 5%, and 1% levels, respectively. SS = students’ satisfaction; PEVP = perceived ease of
video production; PUVP = perceived usefulness of video production; PE = perceived enjoyment; PV = perceived value; PLE = prior learning
experience.
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coefficient of PEVP decreased from 0.597 to 0.392. However, the coefficients of PEVP and PV in the triangular system are both
significantly positive, providing empirical support for Hy;. According to the mediation effect test method proposed by Baron and
Kenny [57], the total effect of perceived ease of video production on students’ satisfaction was 0.597, with a direct effect of 0.392, a
mediating effect of 0.205. This indicates that 34.338% of the total impact of PEVP is realized through PV.

4.2.2. The effect of perceived usefulness of video production on students’ satisfaction and path analysis

Columns (9)—(10) of Table 3 reveal that there is a significant positive correlation between PUVP and SS. The results in column (10)
demonstrate that when the mediator, PE, is not included, PUVP significantly improves SS: every 1% increase in the PUVP can lead the
SS to increase by 0.621 units. Therefore, H, is empirically supported. According to the results of columns (11) and (13), the coefficients
of PUVP are 0.721 and 0.658, respectively, which are both significantly positive at the 1% level. This indicates that as the perceived
usefulness of video production increases, students’ perceived enjoyment and perceived value also increase. This provides supportive
evidence for H4 and Hg.

The results of column (12) show that after including the mediator, the direct impact of PUVP on SS is no longer statistically sig-
nificant. However, PE, the mediator, has a significant positive effect on SS. Columns (11)-(12) show the regression results to further
verify the existence of a mediating effect. In this case, the impact of PUVP on SS at this time is completely realized through PE, which
functions as a mediator. According to Zhao et al. (2010), this phenomenon is called “Indirect-only Mediation”. Therefore, Hj is
empirically supported.

According to the results of columns (10) and (14), the coefficient of PUVP decreases from 0.621 (column (10)) to 0.414 (column
(14)). The change in the PUVP coefficient suggests that the inclusion of PV absorbs part of the impact of PUVP, while also reducing the
significance of the coefficient (from 1% to 5%). The coefficient of PV is 0.315 (column (14)) significant at the 5% level. This result
initially confirms that PV is an important explanatory variable for SS. The results of columns (10), (13), and (14) in Table 3 show the
estimate of the triangular system (Eq. (1), (3) and (4) respectively) mentioned in Section 3.5. The coefficients of PUVP and PV in the
triangular system are all significantly positive, which offers empirical support for Hy,. PV acts as a mediator for the relationship
between PUVP and SS. According to the results of columns (10), (13) and (14), the total effect of the perceived usefulness of video
production on students’ satisfaction was 0.621, with a direct effect of 0.414, mediating effect of 0.207. This indicates that 33.333% of
the total impact of PUVP is realized through PV.

4.3. Robustness check

We performed the Sobel-Goodman mediation test to robustness checks [62]. The z values of the Sobel test, the Aroian test and the
Goodman test, are presented in Table 4 and Table 5. All these three measures, i.e., the Sobel-Goodman test, confirm the mediation
effect identified through the stepwise regression analysis.

5. Additional analysis: the open-ended questions and interviews

In response to the open-ended question "What suggestions or feedback do you have regarding the current teaching methods of the
course?" at the end of the questionnaire, nine students provided their feedback. It was surprising to note that the majority of the
feedback was positive, with comments such as "pretty good" and "rich content." Notably, none of the students provided any feedback or
suggestions regarding the pre-class video production, indicating their satisfaction with this learning method. 4 students suggested

Table 3
The effect of perceived usefulness of video production on students’ satisfaction.
VARIABLES © 10) an a2) 13) a4
SS SS PE SS PV SS
PUVP 0.722%** 0.621%*** 0.721%** 0.028 0.658%** 0.414**
(0.136) (0.144) (0.12) (0.159) (0.197) (0.155)
PE 0.823***
(0.164)
PV 0.315%*
(0.124)
PLE 0.15 0.14* 0.035 0.368*** 0.034
(0.089) (0.075) (0.07) (0.122) (0.094)
Gender 0.037 —0.122 0.138 —-0.291 0.129
(0.147) (0.123) (0.11) (0.202) (0.14)
Grade 0.278 0.083 0.21 0.269 0.193
(0.254) (0.212) (0.188) (0.348) (0.235)
Constant 1.268** 0.518 0.752 —0.101 —0.047 0.532
(0.55) (0.701) (0.587) (0.531) (0.962) (0.643)
R? 0.467 0.535 0.658 0.756 0.55 0.621

Note: N = 34; *, **, and *** indicate significance at the 10%, 5%, and 1% levels, respectively. SS = students’ satisfaction; PEVP = perceived ease of
video production; PUVP = perceived usefulness of video production; PE = perceived enjoyment; PV = perceived value; PLE = prior learning
experience.
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Table 4
Results of the Sobel-Goodman mediation test of perceived ease of video production on students’ satisfaction.
Mediation tests The Mediation Effect of PE (Model (6) of Table 2) The Mediation Effect of PV (Model (8) of Table 2)
Coeff. Std. Error z-value(p-value) Coeff. Std. Error z-value(p-value)
Sobel 0.418%** 0.130 3.218(p = 0.001) 0.205*%* 0.100 2.034(p = 0.042)
Aroian 0.418%** 0.131 3.185(p = 0.001) 0.205** 0.104 1.976(p = 0.048)
Goodman 0.418%** 0.129 3.253(p = 0.001) 0.205** 0.098 2.098(p = 0.036)

Notes: **, and *** indicate significance at the 5% and 1% levels.

Table 5

Results of the Sobel-Goodman mediation test of perceived usefulness of video production on students’ satisfaction.
Mediation tests The Mediation Effect of PE (Model (12) of Table 3) The Mediation Effect of PV (Model (14) of Table 3)

Coeff. Std. Error Z value (p-value) Coeff. Std. Error Z value (p-value)

Sobel 0.593%** 0.154 3.852(p = 0.000) 0.207%* 0.103 2.016(p = 0.044)
Aroian 0.593%** 0.155 3.821(p = 0.000) 0.207%* 0.106 1.961(p = 0.0498)
Goodman 0.593%** 0.153 3.884(p = 0.000) 0.207%* 0.0996 2.076(p = 0.038)

Notes: **, and *** indicate significance at the 5% and 1% levels.

improvements to the pace of classroom teaching, possibly due to some students creating videos that were too long, which impacted the
available time for classroom instruction. To address this issue, it is recommended that at the beginning of the lecture, the teacher
should set a limit for the video duration based on the number of students and the total lecture time and emphasize it regularly.
Furthermore, the teacher should plan the content of the students’ videos and the lecture material to complement and coordinate with
each other.

During the last three weeks of the semester, the teacher interviewed twelve students. Regarding the workload of video production,
students expressed that it was slightly higher than that of traditional courses. Most students felt that they had already gained sufficient
PowerPoint skills from previous studies, which made video production relatively easy for them. Some students commented that the
course content was rich, and they learned new video editing methods through this project. The method of learning by watching other
students’ videos in class was also quite interesting. On average, video production took 5-6 h to complete. Some students who worked
quickly were able to complete the process in only 3 h, from gathering information to finishing the video production. Most students felt
that the task of producing one video per semester was a reasonable course assignment.

Regarding watching videos of other students’ work in class, students said that the organization of content and the sound effects in
the videos were very important. By watching other students’ videos in class, they gained a lot of experience in making their own videos.
Therefore, judging by the order of the videos played, the later ones were more polished and exciting than the earlier ones. Some
students provided feedback that they were most impressed by video explanations that incorporated case studies, which helped them
understand some of the complex management theories, and their memories were more profound than traditional learning methods.

Overall, most students are very satisfied with both the process of creating their own videos and watching those created by their
peers. When compared to traditional pre-class learning methods such as watching videos or reading articles, students prefer the fun
and usefulness of animation techniques used in video creation. By creating short animated videos, they not only learn theoretical
concepts, but also acquire new technical skills. These learned theories can be fully applied in case group discussions and course papers,
further enhancing their perception of the value of knowledge acquisition. Some comments on flipped classes based on video pro-
duction include:

Participant A: I really enjoyed the course. Firstly, I learned a lot of theoretical knowledge and secondly, the video production was
very interesting and close to this era.

Participant B: I really enjoyed the learning method of making videos, and watching other students’ videos was great too. The class
was rich and interesting, and I felt very focused throughout.

Participant C: I loved the idea of making and watching short videos, which made theoretical learning less tedious. The various
methods used in class, such as group discussions, case analysis, and summarizing the key points at the end of each lesson, allowed us to
fully apply the knowledge we learned in public management. I believe that the knowledge gained from this course will be very helpful
and useful in my future life.

Participant D: It was my first time to make videos, and I found it was not difficult at all. I really liked the teacher’s teaching style,
and the application of theoretical knowledge in case analysis allowed me to use the learned theories to analyze real-world problems. It
was great.

The results of the open-ended questions and interviews have strengthened the quantitative findings of this study and provided
further insights into the pre-class learning mode and teaching strategies for video production.
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6. Discussion and implications
6.1. Discussion

We have designed a flipped classroom teaching model based on student video production rather than just viewing, and explored its
impact on students’ satisfaction, as well as analyzed the pathways that influence satisfaction. The results showed that the greater the
ease and usefulness of video production, the higher the students’ satisfaction. Perceived enjoyment and perceived value are important
mediating paths in this process.

The findings of this study provide an important reference for the pre-class preparation of future flipped classrooms. The preparation
of materials for pre-class learning is a time-consuming and labor-intensive task, which has always been a major obstacle to the
implementation of flipped classrooms in social teaching practice. Allowing students to complete video production on their own not
only enables them to learn new technologies but also enhances their interest and ability, while also providing rich materials for
teachers’ preparation of pre-class and in-class materials. It is foreseeable that this will greatly save the energy and practice required for
teachers to implement flipped classrooms, and make it more widely accepted and promoted by a large number of teachers.

6.2. Implications

In terms of inspiration for instructional design, there are three points that teachers should pay attention to. Firstly, when assigning
the task of video production, teachers should provide excellent examples of video production or training on video production tech-
niques to enable students to master video production tools as soon as possible, without burdening them with excessive extracurricular
learning. Secondly, students need to understand the value of this task for their learning and future work. For example, teachers can
emphasize the help of video production, animation design, and other technologies for future careers or use case analysis to fully apply
theoretical learning to solve real public management problems. The greater the perceived help of this task for their future learning or
career, the higher their satisfaction with learning this task will be. Thirdly, when playing videos made by classmates in class, teachers
should arrange instructional content reasonably according to the learning process and the time of video playback. Teachers can
stipulate the duration of the small videos that students make when assigning the task. 3-5 min is a relatively appropriate length for a
theoretical video. Combining case explanations, pleasant voice-overs, or novel animations can improve the viewing experience of the
video and help classmates understand and accept theoretical learning.

6.3. Limitations

The sample size in our research is relatively limited. At the same time, this study only takes public administration as an experi-
mental course, and the universality of flipped classroom in other types of courses needs to be further verified. Additionally, future
research may also consider different pre-class learning strategies, such as combining video production and viewing, to better improve
the satisfaction of flipped classrooms.
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