Paper—Developments and Emerging Trends of Blended Learning: A Document Co-citation Analysis...

Developments and Emerging Trends of Blended Learning

A Document Co-citation Analysis (2003-2020)

https://doi.org/10.3991/ijet.v16i24.25971

Yuting Yan®9), Hui Chen
Hunan Institute of Technology, Hunan, China
yanyuting@hnit.edu.cn

Abstract—This study aims to analyze and visualize the research hotspots,
evolution, and emerging trends of blended learning in a holistic way. In this
study, 1657 bibliometric records together with 48310 citations are collected from
SCIE, SSCI and A&HCI databases. CiteSpace is adopted in the analysis and vis-
ualization. Results show: enhancing collaborative learning, pattern, and teacher
training are the research hotspots in Period I, instructor perception, possible fu-
ture direction, and research trend are the research hotspots in Period II, general
science classroom, blended learning environment, and measuring student en-
gagement are the research hotspots in Period III; the themes of covid-19 remain
similar along the development, while the themes of digital health education
change a lot; blended learning environment, online component, covid-19 pan-
demic, procrastinating behavior, active blended learning, and observed learning
orientation are the emerging trends. These findings could provide research direc-
tions for future studies in blended learning.

Keywords—blended learning, research hotspots, evolution of topics, emerging
trends, document co-citation analysis

1 Introduction

Blended learning has long been a hot discussed topic. But the term lacks a unified
definition [1]. At the early stage, a blended learning module consisted of “a textbook
with a specially designed multimedia CD-ROM, face-to-face tutorials and online dis-
cussion” [2]. Generally speaking, blended learning is a combination of face-to-face in-
struction and online instruction [3-5]. As for the percentages of time occupied by face-
to-face instruction and online instruction respectively, there is no consensus. Bernard
thought 50% or more of total course time must be face-to-face [6]. Since the outbreak
of COVID-19 pandemic, blended learning attracts more attention [7].

CiteSpace is a software specialized in visual analysis of science mapping [8]. With
its development, it is gradually applied to other disciplines, such as Environmental Sci-
ences [9, 10], Management [11], Education & Educational Research [12, 13], Linguis-
tics [14] and so on.
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Although some review articles have given an overview of blended learning, they are
limited to some certain themes [15-19]. Some are restricted to some certain disciplines
[20-23]. Others can’t employ quantitative methods due to vast number of literatures.
To bridge this gap, in this study, we adopted CiteSpace to quantitively analyze the de-
velopment of blended learning. We retrieved 1657 bibliometric recodes together with
48310 citations from SCIE, SSCI and A&HCI databases. We divided the whole devel-
opment into 3 periods: Period I (2003-2008), Period II (2009-2014), and Period III
(2015-2020). We used functions of document co-citation analysis (DCA), label clusters
year by year, and burst detection to explore the research hotspots in 3 periods respec-
tively, track the evolution, and detect the emerging trends in a holistic view.

In this study, we aim to answer the following research questions:

— RQ1: What is the year-by-year distribution of documents?
The answer to RQI could help researchers explore the development trends of
blended learning.
— RQ2: What are the research hotspots?
The answer to RQ2 could help researchers explore the topics attracting the most
attention.
— RQ3: What is the evolution of blended learning?
The answer to RQ3 could help researchers identify the development of the topics.
— RQ4: What are the research fronts and emerging trends?
The answer to RQ4 could help researchers understand the future directions of
blended learning.

2 Data acquisition and methods

2.1  Data acquisition

Web of Science (WoS) Core Collection is one of the most recognized multidiscipli-
nary database platforms [24]. Therefore, SCIE, SSCI, A&HCI databases in WoS Core
Collection were used to obtain professional literature [25]. In advanced search, we set
the search query as: TS= “blended learn*” OR TS= blended teach*”, language=Eng-
lish, document types = articles + reviews, time span = 1900 to 2020, database = SCIE,
SSCI, A&HCI. A total of 1657 records were retrieved. The retrieval date was Jun 5,
2021. The references in these 1657 papers created a citation dataset of 48310 records
which were used in the subsequent document co-citation analysis (DCA).

2.2 Methods

CiteSpace is a widely used software to conduct bibliometric analysis and visualiza-
tion [26]. In our study, we used CiteSpace to explore the hot research topics, track the
evolution and detect the emerging trends. First, we imported all records into CiteSpace
to discard duplicates. No duplicates were found. And the earliest research in blended
learning was in 2003. Then we conducted documents co-citation analysis.
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3 Results

3.1 The distribution of publication outputs year by year

The development of a discipline can be represented by its distribution of publication
outputs; in other words, an increase in the number of publications shows an increase in
the scientific knowledge [27]. Based on the retrieved 1657 records, a histogram of pub-
lications per year is created by using EXCEL (Figure 1). Figure 1 reveals that there has
been a steady rise in the number of publications since 2003. The number reaches the
peak of 276 in 2020. We use Excel forecast function to predict the number of publica-
tions in 2021 and 2022. “The forecast function is an inbuilt feature in Microsoft-Excel”
and works on time-oriented dataset and gives future values of dataset which can be used
to make real time decisions [28]. As shown in Figure 1 the number of publications in

the field of blended learning is expected to increase in the following two years, which
3 1
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indicates a continuous concern on this field by scholars.
O X dH QO
FFLFLFS &S

w%w%m%mﬁ?@ﬁ?@ﬁ?@ﬁ?@ﬂ?@wwﬂ?

350
300
250
200

150 o8
100 80 84 %

138 138

S

= Publications per Year = Trend Forecast

Fig. 1. Publications per year in the field of blended learning

3.2  Hot research topics

To illustrate the development of blended learning, we divide the whole development
into 3 periods: 2003 to 2008 as Period I, 2009 to 2014 as Period II, 2015 to 2020 as
Period I1I. We compare the research topics in the 3 periods by using DCA.

DCA in Period I form 244 clusters in total, including 1647 nodes, 5076 links. The
modularity Q is 0.9549, which means that the specialties in blended learning are clearly
defined [29]. The mean silhouette score is 0.9905, suggesting that the homogeneity of
the cluster members is very high [30]. In this research we take the 4 largest clusters in
Period I for analysis (Table 1).
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Table 1. The four largest clusters of co-cited references (Period I)

Cluster | . . Mean Lo
ID Size | Silhouette (Year) Label (LSI) Label (LLR) Major citers
enhancing collab- (35) Nel, L. (2006) Enhanc-
orative learning in . ) . Lo
a blended learning enhangng col- |ing collaboratlv.e leamlpg in
3 51 0.978 2004 . . laborative learn- | a blended learning environ-
environment: ap- | . ) .
. ing (3.38,0.1) ment: applying a process
plying a process :
> planning model
planning model
face-to-face con-
tact at the mid- (28) Michinov, N. (2008)
point of an online Face-to-face contact at the
collaboration: its midpoint of an online collab-
5 44 1 2003 |impact on the pat- |pattern (1.8, 0.5)|oration: its impact on the pat-
terns of participa- terns of participation, inter-
tion, interaction, action, affect, and behavior
affect, and behav- over time
ior over time
online or face-to- (37) Delfino, M. (2007)
face? experiment- teacher training | Online or face-to-face? ex-
10 37 0.991 2003 | ing with different 3 . . ey
. . (4.43,0.05) perimenting with different
techniques in . . ..
. techniques in teacher training
teacher training
using email to en- (23) Kim, CM (2008) Using
17 23 1 2005 able e(3) (effec- | learning (3.38, | email to enable e(3) (effec-
tive, efficient, and 0.1) tive, efficient, and engaging)
engaging) learning learning

According to the timeline view in Period I (Figure 2), #3 enhancing collaborative

learning, #5 pattern and #10 teacher training were the research topics prior to 2003. The
largest cluster #3 has 51 members and a silhouette value of 0.978. The most active citer
to the cluster is [31] in which Nel conducted the third cycle of an action inquiry focusing
on student collaboration in a blended learning environment. The research was originally
based on the Action Learning and Action Research model proposed by Zuber-Skerritt
[32]. The duration of #3 is from 2001 to 2008.

The second largest cluster #5 has 44 members and a silhouette value of 1. The most
active citer to the cluster is [33] in which Michinov found a face-to-face contact had a
positive impact on the patterns of participation. The duration of #5 is from 2001 to
2007.

The third largest cluster #10 has 37 members and a silhouette value of 0.991. The
most active citer to the cluster is [34] in which Delfino proposed possible directions for
further research in facilitating the infusion of online techniques in initial teacher train-
ing. The duration of #10 is from 2002 to 2006.

The fourth largest cluster #17 has 23 members and a silhouette value of 1. The most
active citer to the cluster is [35] in which Kim argued that the use of email can make
learning more effective, efficient, and engaging. The duration of #17 is from 2003 to
2008. Therefore, #3 enhancing collaborative learning and #17 learning remain the
emerging trends in Period 1.
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#3 enhancing collaborative leaming)

#5 pattern

_ #10 teacher training

. #17leamning

Fig. 2. DCA timeline view in Period I (2003-2008)

DCA in Period II form 950 clusters in total, including 6133 nodes, 20270 links. The
modularity Q is 0.9647, and the mean silhouette score is 0.9845. In this research we
take the 5 largest clusters in Period II for analysis (Table 2).

Table 2. The five largest clusters of co-cited references (Period II)

Cluster| . . Mean L
D Size | Silhouette (Year) Label (LSI) | Label (LLR) Major citers
(32) Roby, T. (2013) Shaping the
learning out- instructor per- |online experience: how administrators
0 190 0.982 2008 co rrgw ception (43.65, | can influence student and instructor
1.0E-4) perceptions through policy and prac-
tice
. (122) Arbaugh, J B (2009.0) Research
blended POSSl.ble future in online and blended learning in the
1 153 0.969 2006 . direction (28.64, . VT h
learning business disciplines: key findings and
1.0E-4) . 7
possible future directions
blended research trend (45) Drysdale, J. 8. (2013) An analy-
2 134 0.938 2008 learnin (38.38, 1.0E-4) sis of research trends in dissertations
& DA and theses studying blended learning
individualized (33) Yang, YT (2013) A blended
blended S : . .
. English listen- | learning environment for individual-
3 131 0.985 2009 | learning en- . . P .
vironment ing (33.86, ized English listening and speaking
1.0E-4) integrating critical thinking
online form- |online formative| (50) Gikandi, J. W. (2011) Online
4 129 0.978 2008 | ative assess- | assessment |formative assessment in higher educa-
ment (40.25, 1.0E-4) tion: a review of the literature

According to the timeline view in Period II (Figure 3), #0 instructor perception, #1

possible future direction, #2 research trend and #4 online formative assessment start in
2004. #3 individualized English listening start in 2005. The largest cluster #0 has 190
members and a silhouette value of 0.982. The most active citer to the cluster is [36].
This paper identified factors that enhanced student and instructor experiences in online
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environments [36]. It is worth noting that the duration of #0 is from 2004 to 2019.
Therefore, #0 instructor perception remain the emerging trend in Period II.

The second largest cluster #1 has 153 members and a silhouette value of 0.969. The
most active citer to the cluster is from Arbaugh, J B (2009). Their paper reviewed the
state of research of online and blended learning in the disciplines of business and iden-
tified opportunities for meaningful future research [37]. The duration of #1 is from 2004
to 2011.

The third largest cluster #2 has 134 members and a silhouette value of 0.938. The
most active citer to the cluster is from Drysdale (2013). They summarized the trends of
growth and context of blended learning through analyzing the research of 205 doctoral
dissertations and masters’ theses [38]. The duration of #2 is from 2004 to 2014.

The fourth largest cluster #3 has 131 members and a silhouette value of 0.985. The
most active citer to the cluster is from Ya-Ting Carolyn Yang (2013). They studied the
effectiveness of integrating critical thinking into individualized English listening and
speaking instruction with Moodle [39]. The duration of #3 is from 2005 to 2014. From
2005, researchers have begun to pay attention to integrate blended approaches in lan-
guage learning.

#1 possible future direction

. #2 research trend

Fig. 3. DCA timeline view in Period II (2009-2014)

DCA in Period III form 83 clusters in total, including 836 nodes, 3099 links. The
modularity Q is 0.7724, and the mean silhouette score is 0.9002. In this research we
take the 5 largest clusters in Period III for analysis (Table 3).

According to the timeline view in Period III (2015-2020) (Figure 4), #0 general sci-
ence classroom, #2 measuring student engagement started in 2010. #1 blended learning
environment started in 2013. The largest cluster #0 has 107 members and a silhouette
value of 0.781. The most active citer to the cluster is from Rasheed (2020). They iden-
tified that challenges students faced were self-regulation and using learning technolo-
gies, challenges teachers faced were the use of technology in teaching, challenges edu-
cational institutions faced were the provision of suitable instructional technology and
effective training support to teachers [40]. The duration of #0 is from 2010 to 2018.
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Table 3. The five largest clusters of co-cited references (Period I1I)

Cluster ID|Size| Silhouette (“;::;‘) Label (LSI) | Label (LLR) Major citers
. . (27) Rasheed, R.A. (2020) Chal-
general sci- | general science lenges in the online component of
0 107 0.781 2013 | ence class- classroom onges €0 . © component o
room (204.22, 1.0E-4) blended leamlng. a systematic re-
D view
blended | blended learning | (>#) Rasheed, R. A. (2020) Chal-
. . . lenges in the online component of
1 83 0.899 2015 |(learning envi-| environment . .
ronment (174.22, 1.0E-4) blended leamlng. a systematic re-
e view
. enrie, C. R. eas-
measuring st | (13) Henrie, C. R. (2015) M
blended & uring student engagement in tech-
2 68 0.959 2011 . dent engagement . .
’ learning (105.19. 1.0E-4) nology-mediated learning: a re-
T view
. (19) Rasheed, R. A. (2020) Chal-
online compo- . :
3 60 0.88 2017 blended nent (65.23 lenges in the online component of
’ learning 1.0E- 4) > |blended learning: a systematic re-
’ view
(13) Bond, M. (2020) Mapping
covid-19 pan- covid-19 pan- | research in student engagement
4 54 0.897 2018 demicp demic (112.12, | and educational technology in
1.0E-4) higher education: a systematic ev-
idence map

The second largest cluster #1 has 83 members and a silhouette value of 0.899. The
most active citer to the cluster is from Rasheed (2020), the same in the cluster #0. The
duration of #1 is from 2013 to 2020. Therefore, #1 blended learning environment re-
mains the emerging trend in Period III.

The third largest cluster #2 has 68 members and a silhouette value of 0.959. The
most active citer to the cluster is from Henrie (2015). In the review, they identified
advantages and disadvantages of existing measures and outline potential methods to
improve measuring students’ engagement [41]. The duration of #2 is from 2010 to
2016.

The fourth largest cluster #3 has 60 members and a silhouette value of 0.88. The
most active citer to the cluster is from Rasheed (2020), the same in #0 and #1. The
duration of #2 is from 2014 to 2020. Obviously, online component is an emerging trend
in Period III.

The fifth largest cluster #4 has 54 members and a silhouette value of 0.897. The most
active citer to the cluster is from Bond (2020). They provided a synthesis of research
related to student engagement theory, and mapped the student engagement in educa-
tional technology from 2007 to 2016 in empirical higher education research [42]. The
duration of #4 is from 2014 to 2020. There is no doubt that covid-19 pandemic is an
emerging trend in Period III.
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#0 general science classroom

blended learning environment

#2 measuring student engagement

#3 online component

Fig. 4. DCA timeline view in Period III (2015-2020)

3.3  Evolution of research topics year by year

To illustrate the evolution of blended learning from 2003 to 2020, we applied the
cluster year by year function [43] of CiteSpace to draw the timeline map (Figure 5).
This research primarily focuses on the five largest clusters.

From Figure 5 we could see the evolution of research topics in the field of blended
learning. Clusters #0 covid-19 pandemic, and #1 digital health education collaboration
are the two largest clusters, having 366 and 342 members respectively. They are still
active in 2020. The duration of #0 is 15 years, from 2006 to 2020. The duration of #1
is 13 years, from 2008 to 2020. Cluster #2 possible future direction, having 191 mem-
bers, began in 2002, and ended in 2011, lasting for 10 years. It is inactive now. Cluster
#3 instructor perception, having 183 members, began in 2004, and ended in 2013, last-
ing for 10 years. Cluster #4 institutional adoption, having 150 members, began in 2006,
and ended in 2016, lasting for 11 years.

Cluster #0 covid-19 pandemic and #1 digital health education collaboration are the
two biggest clusters. They are the core research topics from 2003 to 2020. The year-
by-year cluster label and topics of the five biggest clusters are shown as Table 4. The
topics of #0 and #1 are similar. Blended learning is the core theme. The themes in
Cluster #2 change a lot, from blended teacher, key findings, post-graduate courses,
blended learning, to project management education. The themes in #3 change from sci-
ence teacher, design features, geography modules, instructor perception to blended en-
vironments. The themes in #4 change from open university Malaysia, information sys-
tem success, blended learning to social presence.
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#0 covid-19 pandemic

digital health education collaboration

#2 possible future direction

#3 instructor perception

#4 institutional adoption

Fig. 5. The timeline map of research topics year by year (2003-2020)

According to Table 4, blended learning ranks the first in terms of the frequency of
occurrence, followed by blended environment, blended teacher. The results show that
blended learning covers a wide range of themes, and these themes interrelate with each

other.
Table 4. Distribution of the research topics from 2003 to 2020 (#0-#4)
Cluster ID #0 #1 #2 #3 #4
2008 | e | e blended teacher |  ----—- | = -
2009 | e | e key findings | science teacher | ~  ----—-
2010 | - | - post-graduate design features |  ------
courses
2011 blendf':d learning | blended learning geography open university
environment modules Malaysia
2012 | e project manage- | information sys-
ment education tem success
2013 | e teaching evidence | ~ ------ INStructor per- | 1 ded learning
ceptions
2014 | - mandatory use | = - blended envi- blended learning
ronments
2015 | e blended learning | - | - | e
2016 learning analytics | blended learning | - |  ——— | -
2017 | e blended learning | -~ | - | e
2018 blended learning | blended learning |  --—-—-—- [ = - social presence
2019 blended learning | Dlended leaming |
approach
2020 blended learning studentperfor- ||| L
mance
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3.4  Research fronts and emerging trends

Burst can be detected when articles are experienced with sharp increase in citations
[44]. Therefore, the analysis of citation burst can be used to find the research fronts and
emerging trends [45]. Based on DCA from 2003 to 2020, we extracted burst references
which lasted to 2020. 45 references meet the requirements (Figure 6). The time interval
is shown as blue. Citation burst is depicted as red. 11 references were published in 2014
(Period IT), 19 in 2015, 9 in 2016, 5 in 2017 and 1 in 2018. All references have a burst

time from 2018 to 2020.
References Year Strength Begin End
Porter WW, 2014, COMPUT EDUC, V75, P185, DOI 10.1016/j.compedu.2014.02.011 2014 7.832015 2020
Kiviniemi MT, 2014, BMC MED EDUC, V14, PO, DOI 10.1186/1472-6920-14-47 2014 5.862015 2020
OFlaherty J, 2015, INTERNET HIGH EDUC, V25, P35, DOI 10.1016/j.iheduc.2015.02.002 2015 19.22016 2020
Bernard RM, 2014, J COMPUT HIGH EDUC, V26, P&7, DOl 10.1007/512528-013-9077-3 2004 16.91 2016 2020
McCutcheon K, 2015, J ADV NURS, V71, P255, DOI 10.1111/jan,12509 2015 1132016 2020
Zacharis NZ, 2015, INTERNET HIGH EDUC, V27, P44, DOI 10.1016/j.iheduc.2015.05.002 2015 7.362016 2020
Halverson LR, 2014, INTERNET HIGH EDUC, V20, P20, DOI 10.1016/j.iheduc.2013.09.004 2014 7.112016 2020
Kim MK, 2014, INTERNET HIGH EDUC, V22, P37, DOI 10.1016/j.iheduc.2014.04.003 2014 65.692016 2020
Alammary A, 2014, AUSTRALAS J EDUC TEC, V30, P440 2014 5572016 2020
Gilboy MB, 2015, ) NUTR EDUC BEHAV, V47, P109, DOI 10.1015/j.jneb.2014.08.008 2015 4412016 2020
Moraros J, 2015, BMC MED EDUC, V15, PO, DOI 10.1186/512909-015-0317-2 2015 3822016 2020
Allen | E, 2014, GRADE CHANGE TRACKIN, VO, PO 2014 3342016 2020
Liu Q, 2016, ) MED INTERNET RES, V18, PO, DOI 10.2196/jmir.4807 2016 16.62017 2020
Wanner T, 2015, COMPUT EDUC, V88, P354, DOI 10.1016/j.compedu.2015.07.008 2015 7.252017 2020
Spanjers IAE, 2015, EDUC RES REV-NETH, V15, P59, DOI 10.1016/j.edurev.2015.05.001 2015 7.252017 2020
Porter WW, 2016, INTERNET HIGH EDUC, V28, P17, DOI 10.1016/j.iheduc.2015.08.003 2016 65.212017 2020
Freeman S, 2014, P NATL ACAD SCI USA, V111, P8410, DOI 10.1073/pnas. 1319030111 2014 5.84 2017 2020
Baepler P, 2014, COMPUT EDUC, V78, P227, DOI 10.1016/j.compedu.2014.06.006 2014 5.252017 2020
Broadbent J, 2015, INTERNET HIGH EDUC, V27, P1, DOI 10.1016/j.iheduc.2015.04.007 2015 5172017 2020
Stockwell BR, 2015, CELL, V162, P933, DOI 10.1076/j.cell.2015.08.009 2015 5172017 2020
Cerezo R, 2016, COMPUT EDUC, W96, P42, DOI 10.1016/j.compedu.2016.02.006 2016 4.662017 2020
Cheng G, 2016, BRIT J EDUC TECHNOL, V47, P257, DOI 10.1111/bjet.12243 2016 4142017 2020
Jensen JL, 2015, CBE-LIFE SCI EDUC, V14, PO, DOI 10.1187/cbe.14-08-0129 2015 4142017 2020
You JW, 2016, INTERNET HIGH EDUC, V29, P23, DOI 10.1016/j.iheduc.2015.11.003 2016 3.622017 2020
Hung ML, 2015, COMPUT EDUC, V81, P315, DOI 10.1016/j.compedu.2014.10.022 2015 3.622017 2020
Henrie CR, 2015, COMPUT EDUC, V90, P36, DOl 10.1016/j.compedu.2015.09.005 2015 3.12017 2020
Bower M, 2015, COMPUT EDUC, V86, P1, DOI 10.1016/j.compedu.2015.03.006 2015 3.12017 2020
Brown MG, 2016, INTERNET HIGH EDUC, V31, P1, DOI 10.1016/j.iheduc.2016.05.001 2016 8192018 2020
Abeysekera L, 2015, HIGH EDUC RES DEV, V34, P1, DOI 10.1080/07294360.2014.934336 2015 7.642018 2020
Broadbent J, 2017, INTERNET HIGH EDUC, V33, P24, DOI 10.1016/j.iheduc.2017.01.004 2017 7.092018 2020
Tempelaar DT, 2015, COMPUT HUM BEHAV, V47, P157, DOI 10.1016/).chb.2014.05.038 2015 52018 2020
Vo HM, 2017, STUD EDUC EVAL, V53, P17, DOI 10.1016/j.stueduc.2017.01.002 2017 52018 2020
Ellis RA, 2016, COMPUT EDUC, V102, P90, DOI 10.1016/j.compedu.2016.07.006 2016 4512018 2020
Morton CE, 2016, BMC MED EDUC, V16, PO, DOI 10.1186/512909-016-0716-z 2016 4912018 2020
Kintu MJ, 2017, INT J EDUC TECHNOL H, V14, PO, DOI 10.1186/541239-017-0043-4 2017 4362018 2020
Hung HT, 2015, COMPUT ASSIST LANG L, V28, P81, DOI 10,1080/09588221.2014.967701 2015 4362018 2020
Coyne E, 2018, NURS EDUC TODAY, V&3, P101, DOI 10.1016/j.nedt.2018.01.021 2018 3.822018 2020
Lehmann R, 2015, J MED INTERNET RES, V17, PO, DOI 10.2196/jmir.4141 2015 3.822018 2020
Swinnerton BJ, 2017, ANAT SCI EDUC, V10, P53, DOI 10.1002/ase.1625 207 3.67 2018 2020
George PP, 2014, ) GLOB HEALTH, V4, PQ, DOI 10.7189/jogh.04.010406 2014 3.672018 2020
Jovanovic J, 2017, INTERNET HIGH EDUC, V33, P74, DOI 10.1016/j.iheduc.2017.02.001 2017 3.272018 2020
Deschacht N, 2015, COMPUT EDUC, V&7, P83, DOI 10.1016/j.compedu.2015.03.020 2015 3.272018 2020
Patton MQ, 2015, QUALITATIVE RES EVAL, VAth, PO 2015 3.222018 2020
Algarni A, 2016, INT J ADV COMPUT SC, V7, P456, DOI 10.1002/widm.1075 2016 3.062018 2020
Kirkwood A, 2014, LEARN MEDIA TECHNOL, V38, P6, DOI 10.1080/17439884.2013.770404 2014 3.062018 2020

Fig. 6. References with the most recent burst until 2020

2003 - 2020

In terms of burst duration, Porter WW (2014) and Kiviniemi MT (2014) are the two
references with the longest burst duration. Porter proposed “a framework for institu-
tional blended learning adoption” and applied that framework to 11 US institutions
[46]. Kiviniemi found “statistically increase in student performance under the blended
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learning approach” in a graduate-level public health course using a quasi-experimental,
non-equivalent control group design [47]. In terms of the strength of burst, O’ Flaherty
J(2015) (19.2) ranks the first. It has a burst duration from 2016 to 2020. The scoping
review provided a comprehensive overview of researches on the emergence of the
flipped classroom, and the relationships to pedagogy and educational outcomes [48].
Bernard RM (2014) (16.91) ranks the second. It also has a burst duration from 2016 to
2020. A meta-analysis was employed to understand “the effectiveness of blended learn-
ing in higher education” [6]. Liu Q (2016) (16.6) is the fourth. It has a burst duration of
3 years, from 2017 to 2020. They found “blended learning appears to have a consistent
positive effect” on knowledge acquisition in health professions through a quantitative
synthesis evaluation [18]. McCutcheon K (2015) (11.3) ranks the fifth. It has a burst
duration of 5 years, from 2016 to 2020. Their systematic review found that “the avail-
able evidence suggests that online learning for teaching clinical skills is” effective than
traditional methods [49].

Current research fronts in the field of blended learning include blended learning en-
vironment, online component, covid-19 pandemic, procrastinating behavior, active
blended learning, and observed learning orientation. Blended learning environment was
first appeared in [50] in which Pearson designed the Online Learning Environment Sur-
vey. Later, scholars began to investigate different aspects within the blended learning
environment, such as collaborative learning in [31], student learning outcome in [51]
and learning achievement in [52]. Since 2013 this topic has remained to be the research
front.

Online component has become the research topics since 2014 as structural equation
modelling (SEM) [53] came up. It attracted a lot of attention. The online component
“may offer flexibility in terms of time and place” [15]. The appropriate use of techno-
logical tools could contribute to the development of successful learning environments
with no constraints of time and space [54].

With the worldwide spread of COVID-19, to cope with the learning disruption, some
scholars propose different kinds of blended learning approaches. Scaffolded inverse
blended learning approach was described in [55]. Calderon proposed an integrated
blended learning approach for physical education teachers and pre-service teachers
[56]. Some scholars summarized difficulties imposed by COVID-19 pandemic on cur-
rent education and came out solutions. [57] studied “students’ knowledge, attitudes,
anxiety, and coping strategies during the COVID-19 pandemic”. Obviously, covid-19
is the research front and emerging trend.

4 Conclusions

In conclusion, we retrieved 1657 bibliometric records together with 48310 citations
from SCIE, SSCI, A&HCI databases in WoS Core Collection, and discovered the re-
search topics, tracked the evolution, and detected the emerging trends in the blended
learning domain from 2003 to 2020 by employing CiteSpace. The conclusions of this
study are as follows:
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1. With the help of Excel, we mapped the distribution of publications year by year.
There is a steady growth of publications in blended learning. The growth is predicted
to continue in the next two years. All these show the continuous concerns on blended
learning by scholars.

2. By comparing the research topics in Period I (2003-2008), Period II (2009-2014)
and Period III (2014-2020), we find the research topics changed a lot in these 3 pe-
riods. In Period I, the research topics focused on enhancing collaborative learning,
pattern, teacher training, and learning. In Period II, the research topics centered on
instructor perception, possible future direction, research trend, individualized Eng-
lish listening, online formative assessment, inquiry framework, integrating Face-
book, cost-benefit analysis, translator training, and professional development. In Pe-
riod I11, the research topics emphasized on general science classroom, blended learn-
ing environment, measuring student engagement, online component, covid-19 pan-
demic, computer programming, procrastinating behavior, active blended learning,
systematic review, and evidence-based medicine.

3. Using the function of label clusters year by year, we tracked the evolution of clusters
from 2003 to 2020. Covid-19 pandemic and digital health education collaboration
are the core research topics. The themes of covid-19 pandemic include blended
learning environment, learning analytics and blended learning. These themes remain
similar. Starting from 2011, they are active until 2020. The themes of digital health
education collaboration are composed of teaching evidence, mandatory use, blended
learning, blended learning approach, and student performance. These themes change
a lot. Starting from 2013, they are active until 2020.

4. With the timeline view of DCA clusters, we detected the research fronts and emerg-
ing trends of blended learning. In terms of burst duration, Porter WW (2014) and
Kiviniemi MT (2014) rank the first. In terms of the strength of burst, OFlaherty J
(2015), Bernard RM (2014), Liu Q (2016), and McCutcheon K (2015) are among
the top 4. Based on these findings, current research fronts and emerging trends in-
clude blended learning environment, online component, covid-19 pandemic, pro-
crastinating behavior, active blended learning, and observed learning orientation.

However, there are some deficiencies of this study. First, we used only SCIE, SSCI
and A&HCI databases. Therefore, this study might not cover all blended learning stud-
ies. Future studies could expand to more databases to include more documents. Second,
although this study detected major research hotspots and research fronts, deeper infor-
mation on topics such as procrastinating behavior, active blended learning, and ob-
served learning orientation is not provided.
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