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Abstract

The COVID-19 pandemic makes flipped learning more relevant to address the chal-
lenges of remote learning. Therefore, renewed attention is warranted in critically
appraising the implications on which flipped learning is built. Though several stud-
ies have reviewed the flipped learning research in the past, the majority has qualita-
tively synthesized the flipped learning literature, thus, lacking the overall perspec-
tive provided quantitatively for appraising the existing state of affairs of flipped
learning research in engineering education. This study addresses this gap by objec-
tively mapping the conceptual, intellectual, and social structure of research develop-
ment in flipped learning using a bibliometric review method. Findings reveal that
flipped learning in engineering education is a relatively new field of research and in
recent time it has entered into the stage of exponential growth. Findings also show
the effectiveness of the flipped learning model to address the challenges of complex
pedagogical applications in different fields of engineering education. This study pro-
vides a quantitative synopsis of the flipped learning literature which can be used as
an anchor for future study.
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1 Introduction

The COVID-19 pandemic highlights a unique challenge in education to address
the complexities of remote learning. Educational institutions are looking for
immediate solutions that can effectively deliver courses to remote learners using
a cost-effective approach. This urgent situation has drawn increased attention
among the educational research community to the flipped learning pedagogical
approach because of its inherent nature of promoting interactive learning at low
cost (Chick et al., 2020; Danjou, 2020; Fogg & Maki, 2020; Tang et al., 2020).

The notion of flipped learning is not new; it has, however, become more via-
ble and considered more valuable in recent years due to easy access to modern
technologies, internet connectivity, and up-to-date resources (L. Cheng et al.,
2019; Sun et al., 2018; Zhai et al., 2017). As the name implies, flipped learning
is a learner centered approach that reverses the traditional teaching and learn-
ing process (P. W. Cheng et al., 2019; L. Cheng et. al., 2019; Keengwe et al.,
2014; Oncel & Kara, 2019). Through this process, teachers are required to
deliver pre-recorded class lectures and course materials online before the class,
so that face-to-face contact is dedicated to collaborative group discussions and
extensive problem solving (Mok, 2014; Oncel & Kara, 2019; Tsai & Wu, 2020).
Research shows many benefits of the flipped learning approach such as increased
learning outcomes (L. Cheng et al., 2019; Jang & Kim, 2020), effective project-
based teaching (P. W. Cheng et al., 2019), positive student attitude (Kang, 2015),
improved teacher-student and student-student interaction and active learning
(Della Ratta, 2015), meta-cognition (Van Vliet et al., 2015), problem solving
(Chun & Lee, 2016), and student engagement (Jang & Kim, 2020). Though, like
every other pedagogical approach, it comes with potential weaknesses such as
increased class size reduces the potential benefits of the flipped method (Hotle &
Garrow, 2016; Van Vliet et al., 2015), increases teachers’ workloads, and offers
minimal student interaction during the pre-recorded class lectures (Acedo, 2013;
Hotle & Garrow, 2016). However, over the years the popularity of flipped learn-
ing has gained momentum with researchers from different countries continually
contributing to its growth and influence.

In recent years, several articles have reviewed the flipped learning literature
(Bequette, 2019; Ismail, 2019; Jang & Kim, 2020; Karabulut-Ilgu et al., 2018; Lo
& Hew, 2019; Lundin et al., 2018; Safapour et al., 2019; Voronina et al., 2017).
Among them, Lo and Hew (2019) examined the effects of flipped education on
student achievement through conducting a meta-analysis of studies occurring in
engineering disciplines; Voronina et al. (2017) critically evaluated and synthe-
tized the flipped learning literature to examine the existing state of flipped edu-
cation; Safapour et al. (2019) recognized flipped classroom as a non-traditional
learning method and explored the different benefits of flipped learning; (Lundin
et al., 2018) examined knowledge contributions within this field to relate them
to education technology available for higher level study; Ismail (2019) reviewed
comprehensively the current state of flipped learning intertwined with educa-
tion technology in an engineering department; Jang and Kim (2020) focused on
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quantifying the effects of flipped classrooms in higher education keeping in mind
the cognitive, affective, and interpersonal outcomes.

Despite revealing the efficacy of the flipped learning approach, previous review
papers suffer from some critical limitations. First, the majority of the studies have
qualitatively reviewed the flipped learning literature, thus, the sample selection pro-
cedure is subjectively biased. Second, these papers lack the objectivity to envisage
the existing state of affairs of flipped learning approaches; this process is facilitated
by mapping the scientific knowledge area based on scientometric data to critically
review and characterize the research ideas and the subsequent challenges. In addi-
tion, the extant literature differs markedly from the intended aims of the current
review paper which is entirely focused on the status quo of flipped learning occur-
ring in engineering education. Although, Karabulut-Ilgu et al. (2018) systematically
reviewed the use of the flipped learning method in engineering education, it provides
only a qualitative synthesis of previous studies. Furthermore, Tsai and Wu (2020)
recently performed a bibliometric analysis but it is lacking a review of the status of
flipped learning research in engineering education. Therefore, no existing research
studies have objectively studied the developments in flipped learning research within
engineering education. Considering these inadequacies of previous review papers,
this study intends to provide a comprehensive quantitative overview of the flipped
learning literature in engineering education using the bibliometric review technique.
In so doing, this study attempts to address the following research questions:

1. How has the focus of the flipped learning literature in engineering education
evolved over time since its widespread acceptance in 2013?

2. What documents, authors, institutions, sources, and countries are the most emi-

nent and influential in the flipped learning literature?

How have the publications and citation trends changed over time?

4. What is the core conceptual, social, and intellectual clusters nested in flipped
learning and how have different authors and countries contributed to those clus-
ters?

et

2 Methodology and data

This paper applies the bibliometric review technique for examining the status quo of
flipped learning applications in engineering education to ascertain the key research
streams and trends in recent time. A number of review techniques exist including
the structured review, the review for model/framework development, meta-analysis,
a theoretical review, hybrid-future research, framework based, and the systematic
review (Snyder, 2019). While many approaches are potentially available, in this
study the bibliometric approach has been applied to objectively envisage and map
the flipped learning research in engineering education. The application of the biblio-
metric technique has the potential to induce richer insights due to its inherent design
of quantitatively synthesizing the research topic of any discipline based on citation
mapping (Zupic & Cater, 2015).
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To date, this study is the first bibliometric analysis on flipped learning in engi-
neering education. The database drawn upon in this analysis is the Web of Sciences
(WoS) core collection. This source has become the most prominent platform for bib-
liometric analyses as it includes the most impactful publications required for sci-
ence mapping and identification of future research directions (Maditati et al., 2018;
Pineiro-Chousa et al., 2020).

This study ultimately selected 106 articles published between year 2013 and 2020
from the entire WoS database. In the search criteria, “All years (1900-2020)” and
“All documents” were enabled so that no relevant documents were excluded in the
search results. The schematic flow diagram illustrated in Fig. 1 presents the criteria
for article selection, procedural steps, and the review strategy of this study. This fig-
ure is adopted from Khan et al. (2020).

In stage 1, the search included all possible keywords to reduce the chance of
missing any important document. To elicit the more relevant documents, Boolean
operators were utilized in the search strings- (“flipped” OR “inverted”) AND
(“learning” OR “classroom” OR “teaching” OR “instruction”) AND (“engineering

[ Web of Science (WoS) core collection }

Article /Stage 1 Searching: Search formula = (("flipped” OR “inverted”)
selection | | AND (“learning”" OR “classroom” OR “teaching” OR “instruction”))
process | {AND ("engineering education” OR “engineering”) = 559 documents |

/Stage 2 Filtering : Refine to articles, review articles, book chapters, A
early access = 194 documents.

English Language only = 174 documents.

.Research area refinement = 155 documents )

\/ {Stage 3 Screening: Title and abstract screening = 106 documents
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\

Review ’
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Fig. 1 Article selection process and review methodology
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education” OR “engineering”). The search returned 559 documents. In stage 2, con-
ference proceedings were excluded, and documents selected were restricted to arti-
cles, review articles, book chapters and early access, a process which returned 194
documents. Restricting the search to English language only returned 174 documents.
Further research discipline refinement by excluding chemistry, physics, mathemat-
ics, science technology other topics, environmental science ecology, social science
and other topics, agriculture, business economics, information science and library
science, reduced the corpus to 155 documents. In stage 3, titles and abstracts screen-
ing was undertaken to exclude papers with no scientific relevance to flipped learn-
ing in engineering education. This abstract and title screening returned a final 106
documents.

The repository of 106 articles produced in this manner formed the basis for the
bibliometric analysis. This review was carried out in relation to five different com-
ponents to encompass the comprehensive mapping of flipped learning in engineer-
ing education: i) article production and citations, ii) impactful authors, institutions,
countries and sources, iii)) conceptual structure of scientific fields, iv) intellectual
structure of the connected research themes v) social structure of the scientific col-
laboration. For each component, the number of publications, citations, co-citations,
keywords, the most productive authors, sources, countries, and organizations were
identified. To transact this process, the study employed the visualization of similar-
ity (VoS) viewer software package, the bibliometrix package in R and the HistCite
software program to map the flipped learning research.

3 Bibliometric review and discussions

In this section a deeper insight is provided into the documents under review, that is,
how they quantitatively and qualitatively contribute to the domain of flipped learn-
ing. Scientific mapping of the bibliometric information of these documents has been
achieved on the conceptual, intellectual, and social structure levels. A total of 106
documents, authored by 272 authors, have been selected for analysis. These doc-
uments are comprised of 97 journal articles, 5 review articles, and 4 early access
journal articles. These documents, published between 2013 and 2020, were located
in 51 sources. A total of 909 citations of these documents were counted as of the end
of July 2020 within the web of science database of which 141 references were self-
cited. The average citation per document is 8.57 with a h-index of 13. Furthermore,
there exists 16 single authored documents and on the average 2.8 co-authors have
contributed per document with a collaboration index of 2.84.

3.1 Article productions and citations

The major impact of the scientific articles within the engineering education domain
began in 2013. However, the annual scientific production has increased rapidly from
the year 2017, in fact, 82% of the scientific papers were produced after 2017. This
rapid growth in scientific papers was connected to an increased number of citations
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Annual Scientific Productions Vs Citations
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(Fig. 2) such that, 86.67% of the total citations were made after the year 2017 with
an annual growth rate of 32.05%.

Though there has been a sudden reduction in both the published research and
citation of articles in 2020, this is due to the fact that the current study has only con-
sidered studies up to July 2020. The trend lines indicate that both the productions
and citations will likely trend higher by the end of 2020.

Although, article citations rate increased after the year 2017, interestingly, the
most cited articles were published before 2015 (Fig. 3). In fact, only 10 articles were
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published between 2013 and 2015 and they account for 54% of the total citations
(47.7% in 2013, 2.8% in 2014, and 3.5% in 2015). This finding indicates that most
of the later publications may have less influence on the flipped learning research
community. It is possible the early published articles are ground-breaking; that is,
the ‘pioneers’ have set the parameters which have become the reference points for
authors subsequently. However, practically and logistically, it is understandable that
the most recent articles (e.g., published after 2018) have been cited on fewer occa-
sions as some time is required for their full impact among the research community
to be registered.

3.2 The impact of authors, institutions, countries, and sources

Figure 4 illustrates the productivity patterns of authors in the domain of flipped
learning. This pattern has been drawn using Lotka’s law (Lotka, 1926). It explains
the frequency of the publications by the authors in a specific field of study in a given
time frame. The authors’ productivity pattern in Fig. 4 illustrates an inverse relation-
ship between the percentage of authors and the number of documents created. It thus
means that in regard to flipped learning the percentage of authors decreases with the
increase of document numbers.

Figure 4 also shows that a major portion of the authors have written only one
document compared to what is expected from the ideal pattern of article writ-
ing, that is, 91.5% of authors wrote a single article focusing on a flipped learn-
ing domain which is much higher than the ideal case scenario. In contrast, 7.7%
authors wrote two, with only 0.7% authors contributing three documents to the
flipped learning research, much lower than the ideal publication pattern as per-
ceived in other high interest areas. This implies two things: first, many authors
with one publication did not consider flipped learning as their main research area;

/ Pattern of existing articles writing

75

Ideal pattern of articles writing

50

% of Authors

25

Number of Documents Written

Fig.4 Number of documents written by the authors (in %)
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second, in the future, according to Lotka’s law, some of these authors may con-
tribute further to the flipped learning literature.

As flipped learning has received attention only recently, its impact in the
domain of engineering education might be considered to be in its early days. Con-
sequently, the maximum number of articles written by any author is recorded as
only 3 (Table 1). Only two authors, Aliye Karabulut-1lgu and Lesya Hassall have
contributed to that extent. Numerically, they are the most statistically impactful
authors till July 2020. Collectively, both have produced 5 articles, one of which
they co-authored. Interestingly, these articles were published recently between
2017 and 2019. Three of the articles mainly focus on students’ perspectives such
as student perception, student team dynamics and student collaboration. One of
the articles focuses on the teachers’ perspective and the other article has under-
taken a systematic review of flipped learning in the engineering education. The
review article by Karabulut-Ilgu et al. (2018) quickly became influential among
the flipped learning research community. In just two and half years, this article
has been cited 82 times, the second highest cited article in the flipped learning
research field.

As illustrated in Table 1, Cook, Shauman and Mason became the most influential
authors to date as their articles have produced 337 citation - the highest number of
citations in the flipped learning literature as of July 2020. They also collaborated as
co-authors producing two articles. The first article they wrote, Mason et al. (2013),
is the topmost cited article with 334 citations. This highly cited article focused on
three important aspects of flipped learning- learning content, student performance,
and student perception. It also investigated the effectiveness of the flipped classroom
in these three areas compared to the traditional classroom.

Table 1 further shows that the most impactful institution in flipped learning
research is the Iowa State University with the highest number of publications (5) and
citations (107). The next two most influential institutions are the State University
System of Florida (5 articles) and Central Michigan University (3 articles). Both
universities’ publications have attracted more than 40 citations. Interestingly, the top
3 most influential universities are from the USA. When considering citations only,
Seattle University, which is also located in the USA, rises to the top position with
337 citations. This data conforms with other findings in which the USA appears to
be the most influential country in producing 34 publications and 606 citations. The
third most citated institution is the National Changhua University of Education from
Taiwan with 54 citations. This also aligns with the impact data ranked by country,
based on which Taiwan achieves the third most impactful position in terms of article
production and citations. Taiwan also has the second most citation per article ration
(14.2) after the USA (17.8). When considering both the number of publications and
citations, Spain achieved the position of the second most influential country.

Table 1 also shows a congruent relationship between the most influential author
(Karabulut-Ilgu), institution (Iowa State University) and country (USA). USA also
achieves the top position when considering the highest citation by authors (Cook,
Shuman, & Mason), highest citation by the institution (Seattle University) and high-
est citations per article (17.8). In summary, USA is the most influential and domi-
nant country in flipped learning research within the engineering education domain.
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Table 2 shows that the most influential article is produced by Mason et al.
(2013) and published in IEEE Transactions on Education. This article also achieves
top position as the most locally and globally cited document in the flipped learn-
ing domain. In fact, among the top six locally cited (LC) and globally cited (GC)
articles, IEEE Transactions on Education published three of them. Interestingly, a
recent article by Karabulut-Ilgu et al. (2018), published in the British Journal of
Educational Technology ranks second in both LC and GC just two years after pub-
lication. This article has undertaken a systematic review of the articles published
between 2000 and May 2015, documenting the design and development process
of flipped learning in engineering education. Altogether, the three most productive
sources in the flipped learning domain are — the International Journal of Engineer-
ing Pedagogy (4 articles) followed by IEEE Transactions on Education (3 Articles)
and the European Journal of Engineering Education (3 Articles).

In contrast, when considering the total publications produced from the 106 arti-
cles, the most impactful journals achieving top position is held co-jointly by Com-
puter Applications in Engineering Education and the International Journal of
Engineering Education. Each of them produced 15 articles. Second position also is
achieved co-jointly by IEEE Transactions on Education (6) and the European Jour-
nal of Engineering Education (6). However, when considering the most impactful
sources in terms of total citations, IEEE Transactions on Education has become the
most cited journal (386) followed by the British Journal of Educational Technology
(82) which sits in 16th position in terms of total publications.

When looking into the reference lists of the 106 articles, it is found that a total of
3715 references are cited from 2170 sources. Among these sources, Table 3 shows
that the most cited source is Computers & Education. A total of 141 articles have
been cited from Computers & Education. The second most cited journal is IEEE
Transactions on Education with 110 cited articles followed by the Journal of Engi-
neering Education with 102 cited articles. These three are the most prolific journals
in assisting authors’ writing the selected 106 articles. Interestingly, the ‘thesis’ was
the 6th most important contributing sources for writing these articles. This clearly
indicates that a trend towards flipped learning research has been initiated by aca-
demic institutions recently with many postgraduate research students investigating
the impact of flipped learning in the engineering education.

A three-field Plot (Fig. 5) of country, keyword, and sources of the published arti-
cles visualized by the Sankey diagram (Riehmann et al., 2005) was created to depict
the proportion of key research themes derived from each country and the association
of the themes with the sources. The keywords used in the publications generally
locates the research themes. The chart visually emphasizes the flows of key research
ideas within selected systems, e. g., countries and sources. The color of the bars
does not have any internal meaning; however, the width of the colored bars indicates
the percentage of total keywords produced by the country and sources. The width of
the chart lines is shown proportionally to the flow quantity.

The key ideas related to flipped learning, as depicted in the chart, can be categorized
into three main themes- flipped classroom, learning, and higher education. First, the
“flipped classroom’ emerged as the most dominant keyword alongside other relevant
keywords like “flipped’, ‘classroom’ and ‘inverted classroom’. This clearly shows the
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Table 3 10 most locally cited R Sources Total
sources from the reference list Article
(within the collection) Cited

1 Computers & Education 141

2 IEEE Transactions on Education 110

3 Journal of Engineering Education 102

4 Internet and Higher Education 67

5 International Journal of Engineering Education 57

6 Thesis 56

7 British Journal of Educational Technology 42

8 Computers in Human Behavior 42

9 Educational Technology and Society 37

10 Computer Applications in Engineering Education 35

TAC Total Article Cited, TAC/D Total Article Cited per document
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Fig.5 Three field plots of Country-Keywords-Source based on the Sankey diagram

researchers have primarily focused on understanding the purposes and nature of the
flipped classroom. This is understandable as it is a relatively new domain in educational
research. Second, researchers have focused on ‘learning’ itself within the flipped class-
room settings. Researchers have blended online and face to face learning to create the
flipped context which demands active participation, problem solving skills, collabora-
tion to investigate the outcomes of this type of learning. These together identify the
nature of flipped learning in which students are required to engage actively in the learn-
ing process. Third, the researchers have investigated flipped learning in the context of
higher education, that is, inclusive engineering education.

Figure 5 further shows that the USA and Spain researchers are dominating in
flipped learning research followed by China and Brazil. We also see that sources
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such as the International Journal of Engineering Education, Computer Applications
in Engineering education and IEEE Transections on Education, compared to other
sources, have disproportionately contributed to the corpus of research, covering sev-
eral themes intrinsic to flipped learning.

3.3 Conceptual structure

Keyword co-occurrence analysis becomes a key approach in bibliometrics to demon-
strate the conceptual structure of the connected research themes (Cheng et al., 2018;
Radhakrishnan et al., 2017). The following conceptual structure in Fig. 6, produced
by VOSviewer, represents the most closely connected research keywords in flipped
learning. The minimum co-occurrence of a keyword set by the researcher is 3. Out of
328 keywords, 20 keywords met this threshold. The color of the nodes determines dif-
ferent clusters formed by the keywords. The size of the label and the node of any key-
word is determined by the number of occurrences of the keywords. Lines between the
nodes represent the relationships between the keywords. The distance between two
nodes indicates the strength of association between the keywords. Thus, the closer
the two nodes are, the greater the co-occurrence existing between the keywords.

Figure 6 shows six clusters of author keywords in which three of them (green
blue and red colored clusters) include most of the keywords. Essentially these three
clusters indicate the dominant research topic in the flipped learning domain. As
illustrated the green node has the highest occurring keyword i.e. ‘flipped classroom’
(59) followed by ‘active learning’ (22). Further this green cluster explains a learn-
ing environment that provides personalized and a flexible learning path sometimes
incorporated with ‘adaptive technology’ and ‘gamification’. Students are required to
team-based learning

adaptivelearning

gamifigation

learning@utcomes

activegarning

meta-analysis

educational innovation e-leapning

flipped,%ssroom
flipped learning
student-cenifped learning

blendedilearning

problersolving . i s
learninganalytics collaboratiye learning

engineeringieducation problem-baged learning
higher education

educationalitechnology

Fig.6 Co-occurrence of the 20 most representative author keywords
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adapt their learning preferences to a non-traditional gamified flipped learning envi-
ronment though the small size of the nodes of ‘gamification’ and ‘adaptive technol-
ogy’ indicate that little research has been transacted in this area of flipped learning.
Researchers basically include educational gaming elements into flipped classroom
as a method to increase participation and interest by providing a game such as chal-
lenges in the learning process. The blue colored cluster is led by ‘flipped learning’
(14) and ‘engineering education’ (10). This blue cluster frames educational inno-
vation as the core research theme. It informs us about interactive teaching and the
development of strategic and the autonomous learning environment for students to
promote problem-solving skills within engineering education. In the next dominat-
ing cluster (red) ‘blended learning’ (12) is the highest occurring keyword. The red
cluster illustrates the strong relationships between student-centered learning and the
e-learning environment in which collaborative and problem-based learning compo-
nents are employed to facilitate the flipped learning approach

The other three clusters have connections with keywords such as ‘learning analyt-
ics’ with a strong relation to ‘higher education’, and ‘meta-analysis’ of flipped learn-
ing research. In relation to Fig. 6, Table 4 further shows the total links and total link
strength of the co-occurrence of the 20 most representative author keywords. These
20 keywords create 57 links and produce total link strength of 117 (data extracted
from VOSviewer). The sum of individual link strength connected to the node deter-
mines the total link strength of that node. As depicted, only the top six keywords
from the Table 4 have a total link strength more than 10.

Clusters of keywords and their interconnections are further used for mapping the
research concepts of flipped learning in engineering education. A two-dimensional
strategic diagram has been ploted (Fig. 7) to extract four kinds of research themes
(Cahlik, 2000; Cobo et al., 2011; He, 1999).

The strategic diagram illustrates the clusters of keywords in four quadrants.
According to the bibliometric approach proposed by Cobo et al. (2011), the

Table 4 Co-occurrence and link

strength of Author keywords Keywords Occurrences Links ;l;g;agl
strength
Flipped classroom 59 18 61
Active learning 22 14 36
Flipped learning 14 10 18
Blended learning 12 9 22
Engineering education 10 8 16
Higher education 7 6 11
Inverted classroom 6 4 8
Learning Analytics 5 6 10
Collaborative learning 5 4 6
Problem-based learning 4 4 5
Meta-analysis 3 4 6
Student-centered learning 3 4 5
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Fig. 7 Visualising and mapping the themes of flipped learning through the strategic diagram

keywords in the upper-right quadrant such as the flipped classroom, teaching,
e-learning, undergraduate students, and so forth are known as motor-themes which
are well developed and important for the structuring of the flipped learning research
domain. The keywords in the lower-right quadrant are important for a research field
and known as basic themes as they require further development. Themes in the
upper-left quadrant make an insignificant contribution to the field. These themes are
very specialized and often considered to be isolated to the field. The keywords in the
lower-left quadrant such as gamification, cloud computing, project-based learning
etc. are less researched and represent either emerging or disappearing themes (Cobo
et al., 2011).

3.4 Intellectual structure

The application of citation mapping for unveiling underlying intellectual prop-
erty of any group of documents in a bibliometric study is common (Fetscherin &
Heinrich, 2015; Janik et al., 2020; Maditati et al., 2018).The citation map (Fig. 8)
was created based on the 30 most locally cited articles in flipped learning. Most
locally cited articles are considered to be the key literature pertaining to a topic
(Cooper, 1988). Y-axis of Fig. 8 represents the year of publication; the number of
articles is published in parenthesis. The citation nodes are represented as circles
with an article ID record being provided for each of the 106 articles in the reposi-
tory. The arrow indicates the source of cited articles. This citation mapping encapsu-
lates the citation network of the most influential articles relating to flipped learning
that have been carried out since 2013.
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(Node. Articles): 5. Mason et al. (2013); 6. Braun et al. (2014); 7. G. J. Kim
et al. (2014); 8. Chiang and Wang (2015); 9. Battaglia and Kaya (2015); 10.
Cruzado and Roman (2015); 11. Hoole et al. (2015); 12. Chao et al. (2015);
13. Kakosimos (2015); 14. Yelamarthi and Drake (2015); 16. Yelamarthi
et al. (2016); 18. Petrillo (2016); 22. Harrison et al. (2017); 23. Baytiyeh
and Naja (2017); 24. Cook et al. (2017); 28. Oddsson and Unnthorsson
(2017); 29. Kanelopoulos et al. (2017); 33. Lucke et al. (2017); 34. Li and
Huang (2017); 38. Voronina et al. (2017); 39. Turner and Webster (2017);
41. Ravishankar et al. (2018); 45. Yan et al. (2018); 48. Munir et al. (2018);
52. Y. Kim and Ahn (2018); 54. Rodriguez et al. (2018); 73. Castedo et al.
(2019); 77. Kaw et al. (2019); 79. Lin (2019); 84. L. Cheng et al. (2019).
[Note: HistCite failed to show Hotle & Garrow, 2016; Karabulut-Ilgu et al.,
2018 in the citation mapping for an unknown reason. The respective posi-
tion of these two articles are 9th and 16th in the most locally cited article
ranking (see Table 2)].

The citation mapping suggests several research streams of flipped learning for
which the most locally cited articles are contributing. These research streams are
presented in four different clusters in Fig. 8. They are: /) the effectiveness of the
flipped learning model; 2) the evaluation of the flipped learning model; 3) student
perception of the flipped learning model; and 4) the application of the flipped learn-
ing model to solve problems in teaching-learning.

3.4.1 Model effectiveness

The ‘model effectiveness’ cluster has only one article written by Mason et al.
(2013). However, considering the influence of this article among other most locally
cited articles, it deserves a cluster on its own. Total local and global citations pro-
duced by Mason et al. (2013) are 41 and 334 respectively. Almost all other articles

Model
Effectiveness

2013 (1)

r/ /_7/_/___;,. - ,—,—\—

2014 (2) / N \\ :
/ // Model / \ ’ Modl \ \ \ NN )
/ / Evaluauon / Perception \\
/ g e \
» \ On \
/ / \ \
|

2015 (7) C<’°
2016 (5) \
N b

2017 (20)

2018 (21)

2019 (39)

Fig. 8 Citation mapping of the 30 most locally cited articles
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have cited Mason et al. (2013) and therefore created an umbrella shape network
(Fig. 8). The network formation indicates that the work of Mason et al. (2013)
has contributed to most areas relevant to flipped learning. This article primarily
investigates the effectiveness of the flipped learning model on covering the course
content, performance of students, and their satisfaction with the flipped classroom.
Mason et al. (2013) argued that compared to a traditional classroom context, the
flipped learning method helped teachers to cover more subject material and to sup-
port better students’ performance. Mason et al. (2013) also found that students were
satisfied more with the flipped classroom than they were with the traditional learn-
ing arrangement.

However, not every article among the most locally cited documents support the
findings of Mason et al. (2013). A study conducted by Cruzado and Roman (2015)
revealed that the flipped learning approach was neither favorable nor unfavorable
in terms of students’ performance. Nonetheless, this study measured positive stu-
dent attitudes toward the flipped learning approach. Even more remarkable, one
study demonstrated the negative impact of flipped learning on students’ perfor-
mance compared to traditional learning instructions. In this study, Harrison et al.
(2017) utilized the flipped learning in an undergraduate fluid mechanics course
and employed active learning components by reducing seat time for the traditional
classroom component. They found a marginally significant negative impact both
in exam scores and on homework performances. As the study revealed, this nega-
tive impact might be due to the poor video usage employed in the flipped learning
approach.

3.4.2 Model evaluation

The articles in this cluster further extend the work of Mason et al. (2013) by
evaluating the flipped learning model in different dimensions related to teach-
ing-learning. A number of researchers have used the flipped learning method to
investigate how this method can improve student learning and active engage-
ment with the courses, for example, student retention (G. J. Kim et al., 2014),
reducing failure rates (Petrillo, 2016), promoting student success through doing
exercises (Oddsson & Unnthorsson, 2017), engaging students without overload-
ing them with class hours (Ravishankar et al., 2018) and so forth. Hoole et al.
(2015) incorporate several active learning strategies and found increased student
engagement and interest. Another key dimension of student learning is self-effi-
cacy investigated by Yan et al. (2018). They found that flipped learning improved
learning motivation by promoting intrinsic goal orientation and control of beliefs
which eventually strengthened student self-efficacy for learning. In promoting
active student learning, researchers have attempted to evaluate the usefulness of
flipped learning. Yelamarthi et al. (2016) suggest that the active and collaborative
learning component in the flipped learning method improved student learning.
More recently, Castedo et al. (2019) complemented these findings by suggesting
that highly engaged and active students can utilize the flipped learning method
best in their learning.
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Researchers have also evaluated the flipped learning model from the teachers’
perspective. Chiang and Wang (2015) found that teachers can gain access to stu-
dents easily and can organize their course contents well in pursuing this approach.
Teachers also utilized the method well to tackle the challenges of time constraints in
covering a large volume of course material (Battaglia & Kaya, 2015; Hoole et al.,
2015). Teachers too can address budget constraints in their teaching with low-cost
technology aids to enhance student learning (Yelamarthi & Drake, 2015). Further,
Yelamarthi et al. (2016) argued that flipped teaching can be cost effective and a
good alternative to teacher delivery of lectures, reducing the need for traditional
classroom spaces.

Additionally, two articles evaluate the usefulness of the flipped learning method
by doing extensive literature reviews. Karabulut-Ilgu et al. (2018) qualitatively syn-
thesized the quantitative and qualitative research in the flipped learning research
extant in engineering education. They found that research in this field concentrated
on authenticating the design and development process of the flipped learning model
as well as determining the usefulness of it. L. Cheng et al. (2019) undertook a litera-
ture review to evaluate the overall effect of the flipped classroom on student learn-
ing outcomes. This meta-analysis compared flipped classrooms with the traditional
classrooms, and they found the results were significantly in favor of the flipped
classroom approach.

3.4.3 Model perception

The articles in this group emphasize students’ perception and attitudes towards
the flipped learning method. For example, Braun et al. (2014) reported in their
study the positive attitude of students; specifically, the possibility to learn at one’s
own pace in a flipped learning environment has been applauded by students.
Voronina et al. (2017) also reported positive students’ attitudes towards flipped
learning. In particular, this learning approach had a positive effect on the transfer
of learning- a key finding related to students’ learning attitudes and motivation
that were reflected in students’ perception of the flipped learning approach (Chao
et al., 2015; Kakosimos, 2015). Additionally, students believed that their expe-
rience within the flipped learning environment was the cause of the changes in
their learning perspectives which specifically improved their critical and analytical
skills (Munir et al., 2018).

3.4.4 Model application

Research studies that go beyond the understanding of the effectiveness and use-
fulness of the flipped learning approach are accumulated under this cluster. Some
articles in this cluster emphasize more the solving of problems associated with
engineering education using the flipped learning approach. For example, Cook
et al. (2017) used the flipped learning method to solve authentic engineering
problems (AEPs) in a heat transfer course in order to improve students’ prob-
lem solving skills. AEPs are authentic problems developed by practitioners to
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replicate the unstructured, open-ended problems encountered by engineering
industries. Similarly, Lucke et al. (2017) used the flipped learning approach to
realize the effectiveness of student-response system (SRSs) in terms of student
engagement, motivation and cognition.

Further, several other studies tried to integrate the flipped learning approach with
innovative technological tools in a pedagogical framework to address different issues
within engineering education. For example, a study developed an instructional
design framework recommending wikis as the hub of content delivery (Kanelopou-
los et al., 2017). This study used collaborative problem-solving as the key method
to employ in classrooms as a part of a flipped learning approach. Furthermore,
researchers have used flipped learning in a number of contexts including: an inquiry
learning approach (Kim & Ahn, 2018), in a peer instruction and gamification learn-
ing structure (Rodriguez et al., 2018), in an adaptive lessons platform (Kaw et al.,
2019), in a smart learning diagnosis system (Lin, 2019) and so on to enable the solv-
ing of engineering problems. The flipped learning model has been employed in lab
classes too. For example, Li and Huang (2017) utilized the flipped learning approach
in mathematical model simulations using the application of MATLAB/Simulink in
an engineering lab course.

3.5 Social structure

The network and collaboration between authors are playing a key role in under-
standing the research direction in the various research fields. Often this collabora-
tion creates research hubs that drive the growth and development of that research
field. This network collaboration can be visualized by mapping the co-authorship
occurrences among the published documents. The co-authorship network shows
the scholarly associations among the research communities in different institu-
tions and countries (Donthu et al., 2020).

Figure 9 portrays the mapping of such authorship co-occurrences between the
countries in flipped learning research. This social network signifies the extent of col-
laboration between the countries (Liao et al., 2018). The shape of the circles signi-
fies the number of publications led by the country. Two primary collaborative net-
works emerged in flipped learning research led by USA (red cluster) and Australia
(green cluster). These are the two most influential countries in flipped learning driv-
ing collaborative research in this field. Interestingly, both the collaborating networks
started to build their connectivity and momentum recently, more specifically after
the year 2017.

Further, to understand the collaboration strength between the countries,
Table 5 shows the strength of the links between the countries. The thickness of
lines and distance between circles indicate the collaboration strength. The total
strength of a country’s links is determined by the number of documents published
by the authors by which they represent two or more different countries.
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Fig. 9 Mapping and visualizing the authorship co-occurrences between the countries

Table 5 Co-authorship network

Network 1 Network 2
Country Links Total links Documents  Country Links  Total links Documents
strength strength
USA 4 6 34 Australia 4 5 6
China 3 5 5 Malaysia 4 5 3
Germany 3 3 2 Serbia 4 4 2
England 3 3 1 Scotland 3 3 1
Papua New Gini 1 1 1 Wales 2 2 1
Slovenia 1 1 1

4 Implications and limitations

This study has a number of implications for researchers and academicians. It serves
as a directory for future researchers and academicians to identify the most eminent
authors, institutions, sources, and countries involved in flipped learning research.
This study also provides a quantitative synopsis and qualitative synthesis of the
flipped learning literature which can be used as an anchor for future study.

However, this study suffers from some limitations such as only the web of sci-
ence database was sourced. Also, book chapters, books and conference papers were
excluded from this study. Future research endeavors might include other prominent
databases such as Google scholar and Scopus to adopt different review approaches to
provide a more comprehensive quantitative and qualitative synthesis of the research
front in this field.
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5 Conclusions

This study uses bibliometric analysis techniques to provide a quantitative synopsis
and qualitative synthesis of the flipped learning literature from 2013 to 2020. The
findings reveal that in terms of productivity, no single author, institution, or sources
dominated the literature, although in terms of influence, Seattle University and IEEE
Transactions on Education are found to be the most relevant institution and source,
respectively. The flipped learning literature has drawn attention from researchers of
various countries, particularly those from technologically advanced countries, nota-
bly the USA, Spain, Taiwan, and Australia. The USA appears to be the most emi-
nent country in this field publishing the greatest number of documents on flipped
learning; as well, many of the most eminent authors are also from the USA. The
social structure analysis explores the two most influential countries in collaborative
research, the USA and Australia. The publication trends indicate that the flipped
learning literature has entered into the stage of exponential growth, although the
citation ratio still remains low; one reason behind this may be that for recently pub-
lished documents, it requires some time to create impact. Only a few documents
have received more than 100 citations and very few keywords have been used more
than 10 times. The keyword co-occurrence network analysis identifies different clus-
ters of flipped learning research in which ‘blended learning’, ‘higher education’, and
‘engineering education’ reveal an immense opportunity for future research work
to be conducted. Finally, the intellectual structure identifies four different clusters
inherent in the flipped learning model that uncover its effectiveness to address the
challenges of complex pedagogical applications in different emerging fields of engi-
neering education.

Data availability All data are available from the corresponding author upon reasonable request.

Declarations

Conflict of interest The authors declare that they have no conflict of interest.

References

Acedo, M. (2013). Pros and cons of a flipped classroom. Link: http://www.teachthought.com/trends/10-
pros-cons-flipped-classroom, Accessed [25th March, 2015].

Battaglia, D. M., & Kaya, T. (2015). How flipping your first-year digital circuits course positively affects
student perceptions and learning. International Journal of Engineering Education, 31(4), 1126—
1138. Retrieved from <Go to ISI>://W0S:000358934100019.

Baytiyeh, H., & Naja, M. K. (2017). Students’ perceptions of the flipped classroom model in an engineer-
ing course: A case study. European Journal of Engineering Education, 42(6), 1048—1061. https://
doi.org/10.1080/03043797.2016.1252905.

Bequette, B. W. (2019). Process control practice and education: Past, present and future. Computers &
Chemical Engineering, 128, 538-556. https://doi.org/10.1016/j.compchemeng.2019.06.011.

@ Springer


http://www.teachthought.com/trends/10-pros-cons-flipped-classroom
http://www.teachthought.com/trends/10-pros-cons-flipped-classroom
https://doi.org/10.1080/03043797.2016.1252905
https://doi.org/10.1080/03043797.2016.1252905
https://doi.org/10.1016/j.compchemeng.2019.06.011

Education and Information Technologies (2022) 27:1261-1286 1283

Braun, I, Ritter, S., & Vasko, M. (2014). Inverted classroom by topic - a study in mathematics for electri-
cal engineering students. International Journal of Engineering Pedagogy, 4(3), 11-17. https://doi.
org/10.3991/ijep.v4i3.3299.

Cahlik, T. (2000). Comparison of the maps of science. Scientometrics, 49(3), 373-387.

Castedo, R., Lopez, L. M., Chiquito, M., Navarro, J., Cabrera, J. D., & Ortega, M. F. (2019). Flipped
classroomcomparative case study in engineering higher education. Computer Applications in Engi-
neering Education, 27(1), 206-216. https://doi.org/10.1002/cae.22069.

Chao, C. Y., Chen, Y. T., & Chuang, K. Y. (2015). Exploring students’ learning attitude and achievement
in flipped learning supported computer aided design curriculum: A study in high school engineer-
ing education. Computer Applications in Engineering Education, 23(4), 514-526. https://doi.org/10.
1002/cae.21622.

Cheng, F.-F., Huang, Y.-W., Yu, H.-C., & Wu, C.-S. (2018). Mapping knowledge structure by keyword
co-occurrence and social network analysis: Evidence from library hi tech between 2006 and 2017.
Library Hi Tech, 36(4), 636-650. https://doi.org/10.1108/LHT-01-2018-0004.

Cheng, P. W., Liu, P. W., Huang, C. C., & Shyr, W. J. (2019). The effects of the flipped classroom on
technical high school students with low self-esteem. International Journal of Engineering Educa-
tion, 35(5), 1518-1525.

Cheng, L., Ritzhaupt, A. D., & Antonenko, P. (2019). Effects of the flipped classroom instructional strat-
egy on students’ learning outcomes: A meta-analysis. Educational Technology Research and Devel-
opment, 67(4), 793-824. https://doi.org/10.1007/s11423-018-9633-7.

Chiang, Y. H., & Wang, H. C. (2015). Effects of the In-flipped classroom on the learning environment of
database engineering. International Journal of Engineering Education, 31(2), 454-460. Retrieved
from <Go to ISI>://W0S:000357622200003.

Chick, R. C., Clifton, G. T., Peace, K. M., Propper, B. W., Hale, D. F., Alseidi, A. A., & Vreeland, T. J.
(2020). Using technology to maintain the education of residents during the COVID-19 pandemic.
Journal of Surgical Education, 77(4), 729-732. https://doi.org/10.1016/j.jsurg.2020.03.018.

Chun, K. H., & Lee, Y. H. (2016). Improvement of debate competence: An outcome of an introductory
course for medical humanities. Korean Journal of Medical Education, 28(1), 87.

Cobo, M. J., Lopez-Herrera, A. G., Herrera-Viedma, E., & Herrera, F. (2011). An approach for detecting,
quantifying, and visualizing the evolution of a research field: A practical application to the fuzzy
sets theory field. Journal of Informetrics, 5(1), 146-166. https://doi.org/10.1016/j.joi.2010.10.002.

Cook, K. E., Han, Y. L., Shuman, T. R., & Mason, G. (2017). Effects of integrating authentic engineering
problem centered learning on student problem solving. International Journal of Engineering Educa-
tion, 33(1), 272-282. Retrieved from <Go to ISI>://WOS:000396656700025.

Cooper, H. M. (1988). Organizing knowledge syntheses: A taxonomy of literature reviews. Knowledge in
Society, 1(1), 104. https://doi.org/10.1007/BF03177550.

Cruzado, I., & Roman, E. M. (2015). Inverted classroom and its influence on students’ attitudes across
learning styles. Transportation Research Record (2480), 38—44. https://doi.org/10.3141/2480-05.

Danjou, P.-E. (2020). Distance teaching of organic chemistry tutorials during the COVID-19 pandemic:
Focus on the use of videos and social media. Journal of Chemical Education, 97(9), 3168-3171.
https://doi.org/10.1021/acs.jchemed.0c00485.

Della Ratta, C. B. (2015). Flipping the classroom with team-based learning in undergraduate nursing
education. Nurse Educator, 40(2), 71-74.

Donthu, N., Kumar, S., & Pattnaik, D. (2020). Forty-five years of journal of business research: A biblio-
metric analysis. Journal of Business Research, 109, 1-14. https://doi.org/10.1016/j.jbusres.2019.10.
039.

Fetscherin, M., & Heinrich, D. (2015). Consumer brand relationships research: A bibliometric citation
meta-analysis. Journal of Business Research, 68(2), 380-390. https://doi.org/10.1016/j.jbusres.
2014.06.010.

Fogg, K. C., & Maki, S.J. (2020). A remote flipped classroom approach to teaching introductory biomed-
ical engineering during COVID-19. Biomedical Engineering Education. https://doi.org/10.1007/
343683-020-00001-4.

Harrison, D. J., Saito, L., Markee, N., & Herzog, S. (2017). Assessing the effectiveness of a hybrid-
flipped model of learning on fluid mechanics instruction: Overall course performance, homework,
and far- and near-transfer of learning. European Journal of Engineering Education, 42(6), 712-728.
https://doi.org/10.1080/03043797.2016.1218826.

He, Q. (1999). Knowledge discovery through co-word analysis. Library Trends, 48, 133-159.

@ Springer


https://doi.org/10.3991/ijep.v4i3.3299
https://doi.org/10.3991/ijep.v4i3.3299
https://doi.org/10.1002/cae.22069
https://doi.org/10.1002/cae.21622
https://doi.org/10.1002/cae.21622
https://doi.org/10.1108/LHT-01-2018-0004
https://doi.org/10.1007/s11423-018-9633-7
https://doi.org/10.1016/j.jsurg.2020.03.018
https://doi.org/10.1016/j.joi.2010.10.002
https://doi.org/10.1007/BF03177550
https://doi.org/10.3141/2480-05
https://doi.org/10.1021/acs.jchemed.0c00485
https://doi.org/10.1016/j.jbusres.2019.10.039
https://doi.org/10.1016/j.jbusres.2019.10.039
https://doi.org/10.1016/j.jbusres.2014.06.010
https://doi.org/10.1016/j.jbusres.2014.06.010
https://doi.org/10.1007/s43683-020-00001-4
https://doi.org/10.1007/s43683-020-00001-4
https://doi.org/10.1080/03043797.2016.1218826

1284 Education and Information Technologies (2022) 27:1261-1286

Hoole, S. R. H., Sivasuthan, S., Karthik, V. U., & Hoole, P. R. P. (2015). Flip-teaching engineering opti-
mization, electromagnetic product design, and nondestructive evaluation in a Semester’s course.
Computer Applications in Engineering Education, 23(3), 374-382. https://doi.org/10.1002/cae.
21607.

Hotle, S. L., & Garrow, L. A. (2016). Effects of the traditional and flipped classrooms on undergraduate
student opinions and success. Journal of Professional Issues in Engineering Education and Prac-
tice, 142(1), 11. https://doi.org/10.1061/(asce)ei.1943-5541.0000259.

Ismail, M. (2019). Flipped learning enhance technical and professional skills facilitating employability:
a review of the evidence. International Journal of Technology Enhanced Learning, 11(4), 361-379.
Retrieved from <Go to ISI>://WOS:000488979200002.

Jang, H. Y., & Kim, H. J. (2020). A meta-analysis of the cognitive, affective, and interpersonal outcomes
of flipped classrooms in higher education. Education Sciences, 10(4), 16. https://doi.org/10.3390/
educscil0040115.

Janik, A., Ryszko, A., & Szafraniec, M. (2020). Scientific landscape of smart and sustainable cities litera-
ture: A bibliometric analysis. Sustainability, 12(3), 779.

Kakosimos, K. E. (2015). Example of a micro-adaptive instruction methodology for the improvement of
flipped-classrooms and adaptive-learning based on advanced blended-learning tools. Education for
Chemical Engineers, 12, 1-11. https://doi.org/10.1016/j.ece.2015.06.001.

Kanelopoulos, J., Papanikolaou, K. A., & Zalimidis, P. (2017). Flipping the classroom to increase Stu-
dents’ engagement and interaction in a mechanical engineering course on machine design. Interna-
tional Journal of Engineering Pedagogy, 7(4), 19-34. https://doi.org/10.3991/ijep.v7i4.7427.

Kang, N. (2015). The comparison between regular and flipped classrooms for EFL Korean adult learners.
Multimedia-Assisted Language Learning, 18(3), 41-72.

Karabulut-Tlgu, A., Cherrez, N. J., & Jahren, C. T. (2018). A systematic review of research on the flipped
learning method in engineering education. British Journal of Educational Technology, 49(3), 398—
411. https://doi.org/10.1111/bjet.12548.

Kaw, A., Clark, R., Delgado, E., & Abate, N. (2019). Analyzing the use of adaptive learning in a flipped
classroom for preclass learning. Computer Applications in Engineering Education, 27(3), 663-678.
https://doi.org/10.1002/cae.22106.

Keengwe, J., Onchwari, G., & Agamba, J. (2014). Promoting effective e-learning practices through the
constructivist pedagogy. Education and Information Technologies, 19(4), 887-898.

Khan, A., Hassan, M. K., Paltrinieri, A., Dreassi, A., & Bahoo, S. (2020). A bibliometric review of
takaful literature. International Review of Economics & Finance, 69, 389—-405. https://doi.org/10.
1016/j.iref.2020.05.013.

Kim, Y., & Ahn, C. (2018). Effect of combined use of flipped learning and inquiry-based learning on a
system modeling and control course. IEEE Transactions on Education, 61(2), 136—142. https://doi.
org/10.1109/te.2017.2774194.

Kim, G. J., Patrick, E. E., Srivastava, R., & Law, M. E. (2014). Perspective on flipping circuits I. IEEE
Transactions on Education, 57(3), 188—192. https://doi.org/10.1109/te.2014.2298218.

Li, X. H., & Huang, Z. Y. (2017). An inverted classroom approach to educate MATLAB in chemical
process controlXianhua. Education for Chemical Engineers, 19, 1-12. https://doi.org/10.1016/j.ece.
2016.08.001.

Liao, H., Tang, M., Luo, L., Li, C., Chiclana, F., & Zeng, X.-J. (2018). A bibliometric analysis and visu-
alization of medical big data research. Sustainability, 10(1), 166.

Lin, Y. T. (2019). Impacts of a flipped classroom with a smart learning diagnosis system on students’
learning performance, perception, and problem solving ability in a software engineering course.
Computers in Human Behavior, 95, 187-196. https://doi.org/10.1016/j.chb.2018.11.036.

Lo, C. K., & Hew, K. F. (2019). The impact of flipped classrooms on student achievement in engineer-
ing education: A meta-analysis of 10 years of research. Journal of Engineering Education, 108(4),
523-546. https://doi.org/10.1002/jee.20293.

Lotka, A. J. (1926). The frequency distribution of scientific productivity. Journal of the Washington
Academy of Sciences, 16(12), 317-323.

Lucke, T., Dunn, P. K., & Christie, M. (2017). Activating learning in engineering education using ICT
and the concept of “flipping the classroom”. European Journal of Engineering Education, 42(1),
45-57. https://doi.org/10.1080/03043797.2016.1201460.

Lundin, M., Rensfeldt, A. B., Hillman, T., Lantz-Andersson, A., & Peterson, L. (2018). Higher edu-
cation dominance and siloed knowledge: A systematic review of flipped classroom research.

@ Springer


https://doi.org/10.1002/cae.21607
https://doi.org/10.1002/cae.21607
https://doi.org/10.1061/(asce)ei.1943-5541.0000259
https://doi.org/10.3390/educsci10040115
https://doi.org/10.3390/educsci10040115
https://doi.org/10.1016/j.ece.2015.06.001
https://doi.org/10.3991/ijep.v7i4.7427
https://doi.org/10.1111/bjet.12548
https://doi.org/10.1002/cae.22106
https://doi.org/10.1016/j.iref.2020.05.013
https://doi.org/10.1016/j.iref.2020.05.013
https://doi.org/10.1109/te.2017.2774194
https://doi.org/10.1109/te.2017.2774194
https://doi.org/10.1109/te.2014.2298218
https://doi.org/10.1016/j.ece.2016.08.001
https://doi.org/10.1016/j.ece.2016.08.001
https://doi.org/10.1016/j.chb.2018.11.036
https://doi.org/10.1002/jee.20293
https://doi.org/10.1080/03043797.2016.1201460

Education and Information Technologies (2022) 27:1261-1286 1285

International Journal of Educational Technology in Higher Education, 15, 30. https://doi.org/10.
1186/s41239-018-0101-6.

Maditati, D. R., Munim, Z. H., Schramm, H.-J., & Kummer, S. (2018). A review of green supply chain
management: From bibliometric analysis to a conceptual framework and future research directions.
Resources, Conservation and Recycling, 139, 150-162. https://doi.org/10.1016/j.resconrec.2018.08.
004.

Mason, G. S., Shuman, T. R., & Cook, K. E. (2013). Comparing the effectiveness of an inverted class-
room to a traditional classroom in an upper-division engineering course. IEEE Transactions on Edu-
cation, 56(4), 430-435. https://doi.org/10.1109/te.2013.2249066.

Mok, H. N. (2014). Teaching tip: The flipped classroom. Journal of Information Systems Education,
25(1), 7.

Munir, M. T., Baroutian, S., Young, B. R., & Carter, S. (2018). Flipped classroom with cooperative learn-
ing as a cornerstone. Education for Chemical Engineers, 23, 25-33. https://doi.org/10.1016/j.ece.
2018.05.001.

Oddsson, G. V., & Unnthorsson, R. (2017). Flipped classroom improves the student’s exam performance
in a first year engineering course. International Journal of Engineering Education, 33(6), 1776—
1785. Retrieved from <Go to ISI>://W0OS:000445577900007.

Oncel, A. F., & Kara, A. (2019). A flipped classroom in communication systems: Student perception
and performance assessments. International Journal of Electrical Engineering Education, 56(3),
208-221. https://doi.org/10.1177/0020720918788718.

Petrillo, J. (2016). On flipping first-semester calculus: A case study. International Journal of Mathemati-
cal Education in Science and Technology, 47(4), 573-582. https://doi.org/10.1080/0020739x.2015.
1106014.

Pineiro-Chousa, J., Lopez-Cabarcos, M. A., Romero-Castro, N. M., & Pérez-Pico, A. M. (2020). Innova-
tion, entrepreneurship and knowledge in the business scientific field: Mapping the research front.
Journal of Business Research, 115, 475-485.

Radhakrishnan, S., Erbis, S., Isaacs, J. A., & Kamarthi, S. (2017). Correction: Novel keyword co-occur-
rence network-based methods to foster systematic reviews of scientific literature. PLoS One, 12(9),
e0185771.

Ravishankar, J., Epps, J., & Ambikairajah, E. (2018). A flipped mode teaching approach for large and
advanced electrical engineering courses. European Journal of Engineering Education, 43(3), 413—
426. https://doi.org/10.1080/03043797.2017.1383974.

Riehmann, P., Hanfler, M., & Froehlich, B. (2005). Interactive sankey diagrams. Paper presented at the
IEEE Symposium on Information Visualization, 2005. INFOVIS 2005.

Rodriguez, M., Diaz, 1., Gonzalez, E. J., & Gonzalez-Miquel, M. (2018). Motivational active learning:
An integrated approach to teaching and learning process control. Education for Chemical Engi-
neers, 24, 7-12. https://doi.org/10.1016/j.ece.2018.06.003.

Safapour, E., Kermanshachi, S., & Taneja, P. (2019). A review of nontraditional teaching methods:
Flipped classroom, Gamification, case study, self-learning, and social media. Education Sciences,
9(4), 20. https://doi.org/10.3390/educsci9040273.

Snyder, H. (2019). Literature review as a research methodology: An overview and guidelines. Journal of
Business Research, 104, 333-339.

Sun, Z., Xie, K., & Anderman, L. H. (2018). The role of self-regulated learning in students’ success in
flipped undergraduate math courses. The Internet and Higher Education, 36, 41-53.

Tang, T., Abuhmaid, A. M., Olaimat, M., Oudat, D. M., Aldhaeebi, M., & Bamanger, E. (2020). Effi-
ciency of flipped classroom with online-based teaching under COVID-19. Interactive Learning
Environments, 1-12. https://doi.org/10.1080/10494820.2020.1817761.

Tsai, H.-L., & Wu, J.-F. (2020). Bibliometric analysis of flipped classroom publications from the web of
science Core collection published from 2000 to 2019. Science Editing, 7(2), 163—168.

Turner, M. J., & Webster, R. (2017). An evaluation of flipped courses in electrical engineering technol-
ogy using course learning outcomes and student course assessments. Journal of Engineering Tech-
nology, 34(2), 34—43. Retrieved from <Go to ISI>://WOS:000417552600004.

Van Vliet, E. A., Winnips, J. C., & Brouwer, N. (2015). Flipped-class pedagogy enhances student meta-
cognition and collaborative-learning strategies in higher education but effect does not persist.
CBE—Life Sciences Education, 14(3), ar26.

Voronina, M. V., Moroz, O. N., Sudarikov, A. E., Rakhimzhanova, M. B., & Muratbakeev, E. K. (2017).
Systematic review and results of the experiment of a flipped learning model for the courses of
descriptive geometry, engineering and computer graphics, computer geometry. Eurasia Journal of

@ Springer


https://doi.org/10.1186/s41239-018-0101-6
https://doi.org/10.1186/s41239-018-0101-6
https://doi.org/10.1016/j.resconrec.2018.08.004
https://doi.org/10.1016/j.resconrec.2018.08.004
https://doi.org/10.1109/te.2013.2249066
https://doi.org/10.1016/j.ece.2018.05.001
https://doi.org/10.1016/j.ece.2018.05.001
https://doi.org/10.1177/0020720918788718
https://doi.org/10.1080/0020739x.2015.1106014
https://doi.org/10.1080/0020739x.2015.1106014
https://doi.org/10.1080/03043797.2017.1383974
https://doi.org/10.1016/j.ece.2018.06.003
https://doi.org/10.3390/educsci9040273
https://doi.org/10.1080/10494820.2020.1817761

1286 Education and Information Technologies (2022) 27:1261-1286

Mathematics Science and Technology Education, 13(8), 4831-4845. https://doi.org/10.12973/euras
1a.2017.00967a.

Yan, J., Li, L., Yin, J. J., & Nie, Y. Y. (2018). A comparison of flipped and traditional classroom learning:
A case study in mechanical engineering. International Journal of Engineering Education, 34(6),
1876-1887. Retrieved from <Go to ISI>://WO0S:000448191300015.

Yelamarthi, K., & Drake, E. (2015). A flipped first-year digital circuits course for engineering and tech-
nology students. /EEFE Transactions on Education, 58(3), 179-186. https://doi.org/10.1109/te.2014.
2356174.

Yelamarthi, K., Drake, E., & Prewett, M. (2016). An instructional design framework to improve student
learning in a first-year engineering class. Journal of Information Technology Education-Innovations
in Practice, 15, 195-222. Retrieved from <Go to ISI>://WOS:000396673500008.

Zhai, X., Gu, J., Liu, H., Liang, J.-C., & Tsai, C.-C. (2017). An experiential learning perspective on
students’ satisfaction model in a flipped classroom context. Journal of Educational Technology &
Society, 20(1), 198-210.

Zupic, L, & Cater, T. (2015). Bibliometric methods in management and organization. Organizational
Research Methods, 18(3), 429-472.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published
maps and institutional affiliations.

@ Springer


https://doi.org/10.12973/eurasia.2017.00967a
https://doi.org/10.12973/eurasia.2017.00967a
https://doi.org/10.1109/te.2014.2356174
https://doi.org/10.1109/te.2014.2356174

	Review of flipped learning in engineering education: Scientific mapping and research horizon
	Abstract
	1 Introduction
	2 Methodology and data
	3 Bibliometric review and discussions
	3.1 Article productions and citations
	3.2 The impact of authors, institutions, countries, and sources
	3.3 Conceptual structure
	3.4 Intellectual structure
	3.4.1 Model effectiveness
	3.4.2 Model evaluation
	3.4.3 Model perception
	3.4.4 Model application

	3.5 Social structure

	4 Implications and limitations
	5 Conclusions
	References


