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of the flipped classroom. In this study, we used CiteSpace to statistically analyze the
data of 229 articles published in the core library of Web of Science from 2007 to July 18,
2023, and visualize author co-citation clustering, and keyword co-occurrence. The
results of the study showed that (1) the statistical analysis indicated that the application
of flipped classroom in CS education has entered a trough period; (2) based on the

Keywords: cluster of author co-citation network, three research themes of CS flipped
Flipped Classroom, CiteSpace, implementation, online learning, and skill development were identified in this study. (3)
Visualization, Web of Science, Based on the co-occurrence of keywords, this study identified three research hotspots:
Computer Science integration strategies, flipping effectiveness, and challenges faced.

1. Introduction

Flipped classroom (FC), which utilizes technology to deliver learning materials and support
students' online learning, is considered the most popular and dynamic approach [1-2]. It overcomes
the limitations of traditional teacher-centered didactic teaching through student-centered activities
and interactions between learners and teachers [3]. With the traditional face-to-face knowledge
transfer shifted to out-of-class time, FC allows teachers to have more classroom time to observe and
understand their students and identify deficiencies in their learning, thus helping them to fill
knowledge gaps, correct misperceptions, and provide more timely guidance [4].The FC model has
been widely used and recognized in different disciplines across the globe, and its popularity is still
growing [5], and the current COVID-19 crisis poses a major challenge to schools, thus the importance
of "flipped classroom" is increasing day by day[6].
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Computer science (CS) education refers to the art and science involved in learning and teaching
computer science, including computation, algorithms, and computational thinking. Examples include
pedagogy, curriculum design, and the science behind the pedagogical tools and techniques that
educators use to support computer science teaching and learning [7]. There are still some debatable
issues regarding the application of FC methods in computer science education. Several studies have
shown that students' final grades in CS1 courses using the FC model improved compared to
traditional teaching methods [8-9]. Under the FC model, students are more engaged, learn better,
have more positive attitudes, and are more motivated to learn [10-12]. However, some practitioners
have come to different conclusions. Findlay-Thompson and Mombourquette [13] found that there
was no difference in achievement between students who studied in FC classrooms and those who
studied in traditional classrooms. Towey [14], through the formation of study groups, the design of
pair programming, course feedback, and class discussion way to implement FC teaching in a CS
course, although some students' participation was high, there were problems such as attendance,
decreased enthusiasm for learning, and interpersonal tension, which were mainly due to untimely
feedback, differences in learning styles, overloaded learning, and students' insufficient pre-study, etc.

It can be seen from the literature that scholars do not share the same view on the practice of FC
in CS courses, and it is necessary to make an objective and systematic summary of the research on
the practice of FC in CS courses, and to clarify the research themes and hotspots in the field of FC in
CS education, whereas most of the previous studies have been interpreted based on the content or
application of a particular course [15-17]. In order to overcome the subjectivity of the study, this
study investigated the application of FC in CS education by using the CiteSpace tool to conduct a
bibliometric analysis of relevant articles published in the Web of Science core repository between
2007 and 2023, including four research questions:(1) What is the current state of research on FC in
this field? (2) What are the research themes in FC in this area?(3) What are the research hotspots of
FC in this field? It is hoped that this study can provide some academic references for subsequent
research in this field and provide theoretical references for the effective implementation of FCin the
field of CS education.

2. Materials and methods
2.1 Materials
2.1.1 Search policies

Publications in the Web of Science Core Collection were selected as the data source for this study.
In order to obtain a wider range of potentially eligible articles, this study collected data on July 18,
2023 with the search formula: TS= ("Flip the classroom" OR "flipped class" OR "flipping" OR "inverted
classroom" OR "flipped classroom") AND TS= ("Computer Science" OR "CS" OR "Information
technology" OR "Programming” OR "Web Design" OR "Software Engineering" OR "Computer
Education"), a total of 2885 documents were retrieved.

2.1.2 Inclusion and exclusion criteria

In order to analyze the hot topics and cutting-edge evolution of the literature related to FC in the
field of CS education, the eligible articles are screened with the following inclusion and exclusion
criteria (Table 1):
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Table 1 Literature inclusion and exclusion criteria

Criteria Indicators
The full text of the article is published in English.
Type of publication: article, review, peer-reviewed.
Research focusing on FC pedagogy.
Research on teaching and learning in CS education.
The full text of the article is not published in English.
Types of publications: books, chapters, papers, conference abstracts, reviews, protocols,
research outlines, government publications, posters, editorial materials, duplicates, not
Exclusion criteria peer-reviewed.
FC is mentioned but were not the focus of the intervention.
Study was not related to the CS education.
Inadequate description of student performance or learning activities.

Inclusion criteria

2.1.3Data extraction

Data extraction was implemented according to PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) 2020 statement [18]. Firstly, an automated tool was used to screen for
eligible records. The screening format is as follows:

(1) Publication Years = "2007-2023" (index date from 2007 to 01-01 to 2023-07-25).[The term
"flipped classroom" originated in 2007 [19].

(2) Document type = "Article" or "Review" or “Proceeding Paper” .
(3) Language = "English".

Secondly, the titles and abstracts of the literature were screened according to the
inclusion/exclusion criteria and the full text of the shortlisted literature was downloaded. Thirdly, the
downloaded literature was reviewed in full text, irrelevant studies were excluded, and their
applicability was assessed by all authors until a consensus was reached. Finally, 229 articles were
finalized for this study.

2.2Analysis method and procedure

This study maps and analyzes the literature using CiteSpace, a Java application developed by
Chaomei Chen's team, where node size, network connectivity, and keyword co-occurrence properties
clearly show the current status and trends of research in the field[20]. It can scientifically measure
and visualize the literature collections in the field of natural and social sciences, explore the critical
paths of disciplinary evolution, and analyze disciplinary themes and trends[21].This study used
CiteSpace version 6.2.R3 (64-bit) for the following analysis:

i.Statistical analysis: Includes temporal distribution and categorization of publications related to
the flipped classroom in CS education.

ii. Author co-citation and clustering analyses: reflecting the knowledge base and research themes
of flipped classroom research in CS.

iii. Keywords Co-occurrence: The keyword co-occurrence network can reveal the potential
hotspots and trends of future flipped classroom research in CS education.

iv. Construction of a comprehensive knowledge framework: it can help scholars quickly
understand the comprehensive knowledge and logical structure of FC in CS education from multiple
perspectives.
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3.Results
3.1 Statistical Analysis

The number of papers and their variations represent differences in the amount of research and
attention given to the field [21]. Figure 1 shows the published papers related to flipped classroom in
CS education during the 17-year period from 2007-2023.

Publications from 2007 to 2023

40

35

30

25

20 18 19

15 14 15

10 9

37

Publications

Fig. 1. Published papers applying the flipped classroom in CS education from 2007 to 2023

The Hype Cycle traces the evolution of technological innovations in five successive phases,
including Technology Trigger, Peak of Inflated Expectations, Trough of Disillusionment, Slope of
Enlightenment, and Plateau of Productivity [22]. According to Hype Cycle, combined with the number
of published papers in Figure 1, FC in CS education is currently in Trough of Disillusionment. its
development path is roughly:

i. Technology Trigger (2008-2014)

Although the term FC originated in 2007, the earliest 1 paper in the field of CS education was
published in 2008, followed by 1 paper each in 2011-2013 and 2 in 2013. Researchers in the field of
CS education began focusing on the FC in 2014, and the number of articles published increased to
14,

ii. Peak of Inflated Expectations (2015-2020)

In 2015, this teaching method was widely recognized in the field of CS education, and teachers of
related courses implemented the FC in their CS courses. The number of publications was 18 in 2015-
2016, respectively, and the number of publications increased to 37 in 2017-2019, however, in 2020,
the number of publications decreased to 20.

iii. Trough of Disillusionment (2021-Current)

By 2021, the number of postings is decreasing year by year, indicating that researchers in the field
of CS education are experiencing a sober reflection on the scope and limitations of the role of the FC
after experiencing the previous stages of the FC time. Some scholars believe that there is not enough
evidence to prove that the FC is definitely better than the traditional classroom, and the challenges
of FC such as the resistance of teachers, students, and parents, time-consuming and labor-intensive
[23], and the difficulty of developing high-quality instructional videos have also hindered the
application of FC in the CS field to a certain extent. Therefore, researchers in the field of CS education
need to actively optimize FC to get it out of the trough and into the recovery and maturity period as
soon as possible, so that FC methodology can play a maximum effect in the field of CS education.
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3.2 Knowledge Structure Map

A total of 33 knowledge clusters were generated in this study (Figure 2). According to Figure 2,
the modularity Q-value was 0.7948 and the average silhouette value was 0.9058, which indicates that
the FC research mapping in the field of CS education underwent a high-quality cluster analysis. The
results of the cluster analysis of the authors' co-citations show that Lage, Bergmann, Bishop,
O'FLAHERTY, and Mason are at the center of the co-citation network, and the other researchers use
these scholars as a pivot point to extend outward. By combing the representative literature of the
main researchers on the nodes, it can be summarized that FC research in computer science education
focuses on three main themes: flipped implementation, online learning, and skill development.

#2 online teaching

#5 inverted classroom
#7 higher order thinking skills

#6 learning
#9 flip teaching

kill
#4:UAee ul s#1 computer science education

#3 e-learning
#0 improving classroom teaching

#8 online materials

.llltaxsl

Fig. 2. Cluster of author Co-citation network
3.2.1 Flipped Implementation

This is represented in the figure as clusters 0, 1, 5, 6 and 9. Research in this area focuses on pre-
course preparation and implementation of classroom activities. Preclassroom learning is very
important for successful implementation of FC. According to Pattanaphanchai [24], the main
challenge in implementing FC in a computer science course is to ensure student engagement with
preclassroom materials. Pre-classroom activities for FC are aligned with Bloom's lower-order thinking
skills (memorization, comprehension), and are implemented mainly in the form of videos and
readings [25]. Meanwhile, when students encounter some difficulties in understanding and applying
the concepts in preclass learning, teachers should give timely feedback and build necessary scaffolds
for students to solve the problems in terms of student engagement, learning and interaction.
Classroom activities tend to be brief, highly structured, and teacher-driven, with a focus on
developing higher-order levels of thinking (applying, analyzing, evaluating, and creating) [25], being
able to apply what they have learned to solve higher-level or real-world problems with the support
of the teacher and their peers, and integrating their new knowledge into real-world contexts [26].

Zhao et al. [27] showed that technology-assisted learning materials help to clarify abstract
concepts, thus enabling students to overcome difficulties in the learning process. Some technological
tools can be used to support better classroom activities. Such as Padlet, Kahoot and Cirrus [28]. The
FC model emphasizes the learning process rather than the learning outcome; therefore, assessment
of course learning should include both summative and formative assessment [29], incorporating
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students' learning outside the classroom, and the quality of classroom interactions should be
reflected in the overall grade.

3.2.2 Online Learning

This is represented as # 2 and #3 in the figure. Research in this area focuses on online learning
materials, activities and platforms. #2 research is represented by Bergmann, who argues that free
online video resources make it easy for readers to find high-quality videos, e.g. Massive Open Online
Courses (MOQCs) established around the world can be used as ready-to-use resources [30]. #3
"Online Learning" is represented by Bishop, who sees the tasks of online learning as primarily
asynchronous video lectures and practice problems. Online learning materials, activities need to be
managed by instructors using a variety of technologies or online platforms. LMS is the most
commonly used online platform, Moodle, MOOC platforms, Blackboard and Schoology are widely
used to store syllabus, instructional videos, post course announcements, provide online discussions,
quizzes and support electronic assignment submissions [31].LMS use should be learner-centered,
capable of capturing formative data about instructor-learner interactions in real time, guiding
students through a series of online activities, tracking student logins and their online learning
activities, and incorporating a great deal of interactivity into the overall online experience [32].

With the development of artificial intelligence and big data technologies, learning management
systems can enable personalized learning, assessment and grading, educational games and
simulations [33], analyze data on student performance, preferences, and other factors, customize
learning paths for learners, and provide targeted support and feedback [34], which in turn can
increase student motivation and engagement and improve learning outcomes [35]. Moodle and Khan
Academy have integrated the Chat GPT plugin [36], which may provide a solution to escape the
dilemmas faced by FC, such as overburdened teachers and untimely feedback.

3.2.3 Skill Development

This is represented in the diagram as #4, #7. The research in this field focuses on the development
of future skills and higher-order thinking skills. # 4, Future Skills, is represented by Akgayir. Akcayir et
al. [37] conducted a large-scale literature review on FC and showed that the FC model improves
students' critical thinking, socialization, and problem-solving skills. One of the specific learning
outcomes of a CS program is to develop independent problem-solving skills, and students' ability to
solve problems through hands-on engage in deep learning, which can be a very rewarding experience
for both students and teachers in CS education [38]. # 7,"higher order thinking skills" is represented
by Davis, who argues that effective FC classroom time should be used to help students master
particularly challenging concepts or to help students engage in higher-order critical thinking and
problem solving[39]. Liu et al.[40] showed that students who participated in a flipped information
technology course had significantly better higher-order thinking skills than those who learned in a
traditional classroom setting. Wilson [41] applied the FC model to an object-oriented programming
class, designing learning activities such as problem and inquiry-based learning, collaborative
programming, peer review, and discussion. The results of the study showed that these activities were
an effective way to help students develop higher-order skills such as creativity, problem solving, and
communication.
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3.3 Keyword Analysis

Figure 3 shows the research hotspots of FC in CS education, which includes three main categories
of keywords: integration strategies, challenges, and effects. In addition, "software engineering" and
"computer programming" are also included, indicating that FC practices in CS education are mainly
focused on these two courses.
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Fig. 3. Keywords Co-occurrence

3.3.1 Integration Strategies

nn nn

Keywords related to integration strategies include "active learning", "blended learning", "design",
"collaborative learning", "strategy", and "environment". These studies focus on integrating learning
strategies such as active learning, collaborative learning, and problem solving into the design of FC.

According to Ridzuan et al. [1], the FC model implements active learning strategies through a
hybrid structure of face-to-face classroom and online environments. Practitioners in the field of CS
education have designed a series of active learning activities such as discussion, collaboration, and
interactive communication to effectively implement FCin a computer programming course with good
results [42]. Since there is enough time for training in FC, incorporating collaborative learning
strategies not only improves students' academic performance, but also enhances their self-
confidence in computer programming [43]. In addition to this, FC incorporates problem-based [44],
project-based [45], and gamification [46] strategies.

In addition to performing strategy integration, practitioners may consider using other interactive
technologies such as eye-tracking and brain-computer interaction technologies in FC to investigate
the development of this process model and its impact on learning outcomes in CS courses [16].

3.3.2 The Effectiveness of flipped classroom
The keywords related to the effect of flipped classroom are "computational thinking",
"participation”, "experience", "achievement", "influence" and "motivation". Cultivating students'

computational thinking ability is one of the important topics in the research on teaching and learning
in computer courses, and researchers' teaching practices have proved the positive impact of FC on
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"computational thinking" ability [47-48]. In addition, a study by Lai et al.[49] further identified flow
experience as a significant predictor of computational thinking skills in programming courses.

Numerous studies have pointed out that in CS education, student engagement is higher in FC
courses that incorporate FC models into Facebook virtual learning communities [50], games [51], and
Al personalized recommendation elements [52]. The study by Yilmaz et al. [50] further pointed out
that a sense of socialization, a sense of community, and satisfaction are also significant predictors of
student engagement. FCis a method to improve academic performance in computer science courses
[10], and some researchers have further explored the effects of other factors in FC on performance,
such as cognitive flexibility, problem-solving skills, and flipped learning readiness [53]; student choice
[9]; knowledge management and inquiry-based instructional strategies [54]; learning experiences
[55]; and collaboration [56]. In addition, FC provides more opportunities for communication [57] or
combines SPOC with FC activities implemented in the classroom [58], thus increasing motivation
(motivation) to take CS courses.

Most of these studies have demonstrated that FC has multiple effects on students, such as self-
regulation [59], self-efficacy [9,60], self-directed learning [11], and deep learning [61].

3.3.3 The Challenges of flipped classroom

Keywords related to challenge include "cognitive load", "computer anxiety", "anxiety",
"challenge", "bias", and "challenge". Students face a high cognitive load during the learning process
of programming courses [62]. Meanwhile, textual programming language environments (e.g., C,
python, etc.) have complex programming features that make it difficult to reduce the cognitive load
[63]. In the field of FC, practitioners have mainly reduced students' cognitive load while taking CS
courses by combining other teaching strategies with FC, such as the use of scaffolding [64], concept
mapping [65], and TL (team learning) interventions [66]. Anxiety is another challenge in implementing
FC in the field of CS education, mainly computer anxiety and social anxiety, and studies have shown
that adequate online learning preparation before class and peer support groups can reduce
computer anxiety faced by students during the application of the FC model and improve academic
performance [60]. Meanwhile, students must demonstrate a greater sense of responsibility to
control and monitor their own learning in order to make pre-course online learning more meaningful
[67]. Social anxiety is one of the main challenges faced during online learning, and Polat et al.'s [68]
study of flipped information technology (IT) courses showed that self-efficacy had a positive effect
on social anxiety. The greater the students' skills and ability to interact with the instructor and peers,
the less social anxiety they experienced in the course.

In addition to "cognitive load" and "anxiety," implementation of FC in CS education has faced
challenges such as high teacher and student load, decreased student attendance, difficulty
maintaining motivation, and resistance to new formats [15,17].

4. Conclusions and Recommendations

The analysis results of this study show that researchers in the field of CS education have done a
lot of practice on the implementation process, effects, and challenges of FC, so it is necessary to
construct a comprehensive knowledge framework (as shown in Fig. 4) to give readers a clearer
understanding of this field. In this study, a comprehensive planning of FC research in the field of CS
education was conducted from the statistics of publication information, collaboration information,
author co-citation information keyword co-occurrence information as follows:
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i.Statistical information shows the current status of FC papers published in the field of CS
education. ii. From the number of papers published annually from 2008 to July 2023, the duration of
research development is divided into three phases: the technology germination phase (2008-2014),
the rapid development phase (2015-2020), and the bubble phase (2021-present). With the increasing
popularity of Internet technology, coupled with the publication by Bergman and Sams [69] working
on FC and media publicity, research on FC gradually increased after 2012 , and researchers in the field
of CS education gradually seized this opportunity to actively promote and apply it, although the
number of papers published in the first decade showed a fluctuating upward trend, and a number of
influential journals also published a large number of papers in this field. However, confined to the
implementation of FC is also facing some challenges, the data in recent years showed a downward
trend, and the current application of FC has entered a trough period. This urgently requires
researchers in the field of computer education to actively promote the application of FC in CS
education, and to strengthen cooperation, pay attention to teachers' and students' willingness to use,
and utilize the advantages of FC with the help of information technologies such as artificial
intelligence, virtual reality, data mining, etc., to further explore new forms of FC application in CS
education.

ii.The authors' co-citation clustering suggests that the implementation of FC in CS teaching is
divided into two phases, pre-course and in-course, where student participation is ensured during the
online learning process before the course, and student interaction and student competence
development are emphasized during the course.

iii. Keyword co-occurrence helps to understand valuable topics. A new research trend may be to
combine FC with other instructional strategies (e.g., collaboration, active learning, problem solving,
etc.) to overcome challenges (e.g., cognitive load, computer anxiety, etc.) and to focus on the effects
of the internal mechanisms of FC (engagement, experience, motivation, etc.) on the instructional
outcomes (grades, computational thinking, self-regulation skills, self-efficacy).

iv. The authors' co-citation clustering information and keyword co-occurrence information allow
readers to understand the research topics and hotspots of FC in CS.By sorting out the implementation
process of FCin CS courses, including integrating other teaching strategies, designing pre- and in-class
activities, and overcoming difficulties in order to achieve appropriate learning outcomes.

V.

Knowledge framework
Flipped Classroom in CS education
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Fig. 4. Knowledge framework of Flipped Classroom in CS education
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This study analyzed WoS publications on flipped classrooms in CS education using CiteSpace. The
findings reveal the research themes and research hotspots of FC in CS education through visualized
author co-citation clustering and keyword co-occurrence, which helps scholars to have a dynamic
and comprehensive understanding of this research area. Although we examined the research
progress of FC in CS education from multiple perspectives and constructed a comprehensive
knowledge framework, some of the excluded data may affect the analysis results because only
English publications in the WoS core database before July 18, 2023 were selected. In the future, we
will expand the database and extend the time period to further explore studies in other languages to
characterize FC in CS education in more detail. More and more scholars are contributing to the use
of FC in CS education by integrating new strategies and introducing new technologies.
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