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Abstract — The aim is to analyze top 100 highest
citations of digital learning topic, and the important
role of interactive learning in physics learning in 1992-
2021. This study uses bibliometric analysis and
literature review. The trend of digital learning topics is
increase steadily, from 2014 to 2021. Digital learning
show an excellent contribution to physics. The
important role of interactive learning in physics are to
improve student learning  outcomes, deepen
understanding and make learning more interesting.
More intensively, further research can be carried out
by comparing other learning systems applied in physics
learning.

Keywords — Bibliometric, Digital Learning, Physics
Learning

1. Introduction
Various kinds of learning system have been

applied according to surrounding conditions,
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the examples is digital learning. The development of
learning systems must pay attention to the ease of
adaptation and transformation [1]-[3]. Learning
development can be done by combining
organizational learning theory and general systems
theory. Learning must be sustainable and flexible
even in unforeseen conditions [4].

There are many impacts of the covid-19
pandemic, one of which is in the world of education.
One of the updates on October 10, 2021, the entire
country has reported 219 million cases with 4.55
million deaths [5]. With the danger that threatens,
many countries are trying to make learning
sustainable [6]. Efforts are made to organize healthy
learning during the covid-19 pandemic crisis [7]. The
covid-19 outbreak caused the closure of schools and
colleges, so that educational institutions designed
more flexible. Research conducted by Leonhard [8],
Neil [9], and David [10] concluded that during the
covid-19 pandemic, student responses showed good
acceptance of digital learning. Students accept and
adapt easily to digital technology during the covid-19
pandemic.

Physics learning is closely related to natural
phenomena and experimental activities. The flexible
of physics learning can be done use digital
technology or without it [11]-[14]. By learning
physics through digital learning students are
challenged to be more independent, must be easy to
adapt and willing to learn [15]. However, there are
shortcomings in the implementation of digital
learning, namely some places have limited access to
digital media, and potential dependence on digital
technology [16]-[18]. Mentoring and supervision by
physics teachers will determine the success of digital
learning [19]-[20].

From existing studies, there is still no discussion
that show the contribution digital learning in physics
learning and important role of interactive learnig in
physics. Some studies tend to discuss digital
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learning, but to show the right data regarding the
analysis, blibiometric studies and literature reviews
are needed. Bibliometric analysis is a method to
provide knowledge regarding the growth and flow of
literature in a particular publication field [21]. This
bibliometric study uses empirical data to track
existing publications [22]-[25]. This study can
analyze the distribution of manuscripts sorted by
country, source, year and more [26].

With an explanation of the importance digital
learning as well as the existing shortcomings, this
research was carried out. The aim is to analyze top
100 highest citations of digital learning topic, and the
important role of interactive learning in physics from
1992 to 2021. For analysis using bibliometrics and
also literature review. The objective research include

1. Analyze the trend of digital
publications from the last thirty years.

2. ldentify the most widely used keywords, the
country and author that contribute the most to
the publication of digital learning in last thirty
years.

3. ldentify document types and source titles for
digital learning from the last thirty years.

4. ldentify the year wise distribution of the top 100
cited digital learning publications from the last
thirty years

5. ldentify the contribution digital learning in
physics learning over the last thirty years

6. |ldentify the advantages and disadvantages of
digital learning

7. Analyze the important
learning in physics

learning

role of interactive

2. Methods

This study uses bibliometric analysis and
literature review. The data used in this study were
taken from Scopus. Scopus is well-known for its
largest database of publications in various fields
including academics [27]-[29]. Data from Scopus can
be adjusted according to the needs of the year, title,
country, keywords, and so on [30]-[32]. In addition,
this study uses a literature review from previous
studies as a reinforcement of research data [33].

Research data taken on April 1, 2022. The data in
Scopus is selected based on the keywords you want
to search for. In this study, the keyword selection
stage was carried out twice, the first regarding digital
learning. Furthermore, the second keyword are
connected with physics learning to find the
contribution of digital learning. The data obtained in
the form of .csv which was then analyzed using
microsoft excel and .ris which was analyzed using
VOSviewer [34]-[35].

TEM Journal — Volume .. / Number .. / 2022.
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Figure 1. Flowchart for the keyword filtering

3. Result and Discussion
3.1 Publication Trend in Last 30 Years

From Figure 2, we can see the trend of
publications related to digital learning. The trend of
publication is an important aspect to pay attention to
and follow up [36]. Considering that publications
must be in accordance with current conditions, which
mean the development of a topic is determined from
the trend of publications each year [37].

Digital Learning

1400
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Figure 2. Digital learning publication trends
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The highest digital learning publication in 2021
with 1145 documents and the lowest in 1993 with 4
documents. Digital learning publications began to
increase steadily, from 2014 to 2021. The highest
increase occurred in 2021 as many as 273 documents
from 2020. The researchers tend to be interested in
raising the topic of digital learning [38]-[39]. This is
in line with the fact that the majority of education in
the world has used digital learning due to the
emergence of the covid-19 pandemic [40]. So that
research related to digital learning has high potential
for future research.

3.2 Visualization of The Most Used Keywords, Top
Countries and Top Authors Who Contributed The
Most

iy O gl i

Figure 3. The keywords visualization of digital
learning

Figure 3 shows sthe keyword visualization using
VOSviewer. Keywords can describe the subject
matter in a publication [41]-[43]. For digital learning
topics, the most commonly used keyword is "digital
age" which has 8 occurrences and "digital literacy"
has 6 occurrences.

Table 1. Comparison of the top 10 countries with the
most publications in the last thirty years

Top 10 countries | Publications
United States 1,359
United Kingdom 460
China 422
Germany 347
Australia 319
Taiwan 306
Spain 281
Indonesia 221
Canada 208
India 187
——

347 Germany

w 281 Spain el

187 306 Taiwan

Figure 4. Top 10 Countries with publications about
digital learning
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From Table 1 and Figure 4, it can be concluded
that the United States has the highest contribution
over the last thirty years both on the topic of digital
learning. There are five countries that consistently
occupy the top 10 on all publication topics related to
digital learning including the United States, China,
United Kingdom, Australia and Spain. To identify
the author who has the most publications on each
topic of digital learning, using VOS viewer and
Microsoft Excel analysis. The results of the
Microsoft Excel analysis are shown in Table 2.

Table 2. The top 10 author with the highest citations
in the last thirty years

Author Total Citations Country
M. Papastergiou 1,880 Greece
K. Kiili 1,978 Findland
C.M. Greenhow 2,509 United States
A.R. Janowczyk 1,269 United States
D.B. Clark 3,069 Canada
A. Madabhushi 14,845* United States
B. Gros 660 Spain
S. Erhel 429 France
A. Sadik 367 Egypt
B.Q. Huynh 590 United States

Table 2 shows the top 10 authors from the highest
citations for the topic of digital learning, M.
Papastergiou from Greece. Meanwhile, the highest
total citation was owned by A Madabhushi came
from the United States. To find out who the author
on the topic of digital learning is the most
contributing and connected is using VOSviewer.
With VOSviewer we can identify the classification of
top authors [44]. The grouping and connection of
each author is indicated by the presence of clusters
[45]-[46]. The first result of the digital learning topic
is divided into 3 clusters, namely red (n=5), green
(4), blue (n=2). H. Beetham is the main author
because he has 3 documents with 2 total link strength
which is more than any other author.

3.3 The Document Types and Source Titles of Top
100 Highest Cited Publication in Last 30 Years

Table 3. The document types of top 100 highest cited
digital learning publication in last 30 years

Document Freg- cited | Mean Med— sD
Type uency ian
Atrticle 81* 14206* | 175.3 125 160.8*
Cagreienee 7 808 | 1154 | 95 472
paper
Review 4 810 202.5* | 209.5* 96.6
Note 0 0 0 0 :
Book 7 1011 144.4 129 63.1
Editorial 1 376 376 376 -
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Table 3 shows on digital learning topic, the most
publications are in the form of articles (n=81).
Digital learning have the total cited is 14,206. The
standard deviation is quite high, namely digital
learning (n=160.8).

Table 4. The source titles of top 100 highest cited
publication in last 30 years

Source Title TD | TC

Computers and Education 13 | 2983

Educational Technology and Society 4 415

Journal of Computer Assisted Learning 3 565

Journal of Research on Technology in 3 530

Education

Language and Learning in the Digital Age 3 468

Geoderma 3 386

ReCALL 3 325

Internet and Higher Education 2 1008

Rethinking Pedagogy for a Digital Age: 2 343
Designing and Delivering E-Learning

Learning, Media and Technology 2 264

TD = Total Documents TC = Total Citations

Table 4 shows the source titles of digital learning
are varied. For the highest source title digital learning
namely Computers and Education (n=13 documents).
The highest total citation is 2,983 namely source title
is Computers and Education.

3.4 The Year Wise Distribution of Top 100 Highest
Cited Publication in Last 30 Years

Table 5 contains information on the distribution of
the top 100 cited publications on the topics of digital
learning. The range of data used is from 1992 to

Year Citable Digital Learning
Year TC TD ACPP ACPPY
2011 L] 932 7 133.1 12.1
2012 10 1327 10 132.7 133
2013 9 1199 7 171.3 19
2014 8 894 8 1117 13.9
2015 7 443 4 110.7 15.8
2016 6 2699* | 11* 245.4 409
2017 5 567 4 1417 28.4
2018 4 881 6 146.8 36.7
2019 3 884 9 98.2 32.7
2020 2 326 2 163 81.5*
2021 1 0 0 0 0
*The Highest Number

This information can be used to see in what year
the top 100 cited publications were produced on the
topic. From this study it was found that the highest
year is 2016 (n=11 documents). In addition, from this
study it was found that the highest year is 2016
(n=2,699 citations). The highest average citation per
paper per year in 2020 is 81,5.

3.5 Literature Review of Digital Learning to Physics
Learning

Table 6 contains the results of the literature review
by taking into account the quartiles, citations, and
findings to provide recommendations regarding the
selected paper.

Table 6. Top 5 highest cited paper showed
contribution of digital learning to physics learning

Author SJR | Citation | Findings
2021. J.L. 1,03 46 Digital learning with game
Anderson (Q1) simulations has a positive
Table 5. The year wise distribution of top 100 highest | and M. impact on the learning
cited publication in last 30 years Bame{j7) EUERATES @i ey i
school students in physics
_ _ _ learning.
Year | Citable Digital Learning P. Sengupta, | 4,06 22 The results of the study
Year TC TD ACPP__ | ACPPY K.D. Krinks, | (Q1) show that the combination
1992 30 0 0 0 0 D.B. Clark of using digital learning
1993 29 0 0 0 0 [48] fosters student physics
1994 28 0 0 0 0 learning motivation
M. Melo[49] | 0,54 4 The use of digital learning
iggg % 235 (2) 10;.5 3(')9 (Q2) 4C/1D model in physics
content to students has a
1997 25 0 0 0 0 positive impact on learning
1998 24 0 0 0 0 outcomes.
1999 23 0 0 0 0 E. Euler, C. 0,34 1 Digital learning using the
2000 22 0 0 0 0 Prytz, B. (Q3) Algodoo application gives
2001 21 420 2 210 10 Gregorcic students the opportunity to
2002 20 0 0 0 0 [50] explore physics learning
2003 19 0 0 0 0 materials for free and able to
2004 18 254 2 227 126 iclttrac_t students' attention in
= earning
5882 1; 1227307 g S(igg 18842 Sukarno, 0,49 1 Students' metacognitive and
2007 15 81 | 5 178.2 118 sl W=, Q) digital literacy skills
2008 14 369 5 1738 124 Widdah [51] increase in physics learning.
2009 13 2282 7 326 25.1
2010 12 421 3 140.3 116
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The ranking system of reputable journals based on
the subject or category of the related journal field is
also called quartiles [52]. From these results, it can
be seen that the topic of digital learning has the
highest citation is 46, thus, research related to digital
learning in physics will have a lot of potentials, and
its novelty will be quite high. Digital learning tends
to take advantage of interactive learning applications
to increase student motivation and learning outcomes
[53].

3.6 Advantage and Disadvantage
Learning to Physics Learning

of Digital

Table 7. Discussion about digital learning

Discussion Digital Learning
Learning media that can be done digitally
Meaning without having to wait for internet access to

start.

« Some digital learning can be accessed
without internet

« Not tied to face-to-face or non-face-to-
face learning

* More towards the learning media

Can be used in various places, can trigger

students to think creatively and

innovatively

Can lead to dependence on digital tools so

that it can cause laziness in students

Characteristics

Advantage

Disadvantage

Broadly speaking, it can be concluded that digital
learning have advantages in flexibility and types of
media that utilize sophisticated digital tools. While
the disadvantages have an impact on students'
lifestyles which can become dependent on digital
learning media. The digital learning is a learning
process that requires internet access, while digital
learning does not always require internet access [54].

3.7 Analyze the Important Role of Interactive
Learning in Physics Based on Digital Learning
Research

Learning physics still tends to be difficult for most
students to understand. Physics learning needs to be
set more interactively for students [55]. The use of
interactive learning media can be integrated using a
combination of video, graphics, text, and sound [56].
Digital learning by applying interactive virtual reality
can deepen students' understanding of physics
material [57]-[58]. In addition, through good quality
worksheets in digital learning can improve students'
critical thinking skills in learning physics [59].
Practical activities can play an important role in
engaging students with the world of science,
especially when using digital tools [60]. So it can be
concluded that interactive learning can improve
student learning outcomes [61].

TEM Journal — Volume .. / Number .. / 2022.

The majority of students in the 21st century are
proficient in advanced technology and are adaptable.
For example, digital learning with interactive
simulations  positively affects student physics
learning outcomes [62]. In addition, the use of
interactive modules is also very important to apply
because, according to research [63], digital learning
of physics with interactive modules shows
compatibility and a positive impact. So that the
important role of using interactive media in physics
is to improve students' abilities, one of which is the
ability to think critically.

Since the last three years, the world has been
affected by the pandemic, so academic units must
also think about effective learning methods that can
still improve student achievement. Therefore,
interactive learning in physics is starting to be more
widely applied [64]. One of them is by using
interactive multimedia, which is able to improve
students' understanding of concepts [65]. Interactive
learning plays an important role in deepening the
concept of physics and making the learning
atmosphere more interesting even though digital
learning [66].

4,  Conclusion

Research results analysis using bibliometric
studies and literature reviews related to digital
learning get several conclusions. The conclusion is
that the trend of digital learning topics is increase
steadily, from 2014 to 2021. The most commonly
used keywords are digital age, and digital literacy.
United States (US) has made the highest contribution
over the last thirty years on digital learning. The
author with the highest citation on digital learning is
M. Papastergiou from Greece. The type of document
that is often published in the article. The highest
source titles digital learning, namely Computers and
Education.The highest average citation per paper per
year is in 2020 where digital learning (n=81,5). The
digital learning topic contribute to learning physics.
From explanation above, the future research related to
digital learning in physics will have a lot of
potentials, and its novelty will be quite high. The
important role of interactive learning in physics is to
improve student learning outcomes, train critical
thinking skills, deepen understanding of concepts and
make learning more interesting. The advantages in
flexibility and types of media that utilize sophisticated
digital tools. While the disadvantages have an impact
on students' lifestyles which can become dependent
on digital learning media and because it’s using the
internet network, which requires costs and a strong
signal because not all areas have a strong network
connection.

The implication of this research is to show the
trend of publication of digital learning topics so that
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future researchers can show more benefits related to
these topics. With this article, researchers can find out
the strengths and weaknesses of digital learning topic
and can find updates for future research. The
limitation of the study is that some research results at
Scopus are limited to full access. More intensively,
further research can be carried out by comparing
other learning systems applied in physics learning.
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Abstract — The aim is to analyze top 100 highest
citations of digital learning research topic and the
important role of interactive learning in physics
learning in 1992-2021. This study uses bibliometric
analysis and literature review. The trend of digital
learning topics is increase steadily, from 2014 to 2021.
Digital learning shows an excellent contribution to
physics learning. The important role of interactive
learning in physics are to improve student learning
outcomes, deepen understanding and make learning
more interesting. More intensively, further research
can be carried out by comparing other learning
systems applied in physics learning.

Keywords — Bibliometric, Digital Learning, Education,
Physics Learning

1. Introduction
Various kinds of learning system have been

applied according to surrounding conditions,
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the examples are digital learning. The development
of learning systems must pay attention to the ease of
adaptation and transformation [1], [2]. Learning
development can be done by combining
organizational learning theory and general systems
theory.

There are many impacts of the covid-19
pandemic, one of which is in the world of education.
One of the updates on October 10, 2021, the entire
country has reported 219 million cases with 4.55
million deaths [3]. With the danger that threatens,
many countries are trying to make learning
sustainable [4]. Efforts are made to organize healthy
learning during the covid-19 pandemic crisis [5]. The
covid-19 outbreak caused the closure of schools and
colleges, so that educational institutions designed
more flexible. Research conducted by Leonhard [6],
Neil [7], and David [8] concluded that during the
covid-19 pandemic, student responses showed good
acceptance of digital learning. Students accept and
adapt easily to digital technology during the covid-19
pandemic.

Physics learning is closely related to natural
phenomena and experimental activities. The flexible
of physics learning can be done use digital
technology or without it [9]. By learning physics
through digital learning students are challenged to be
more independent, must be easy to adapt and willing
to learn. However, there are shortcomings in the
implementation of digital learning, namely some
places have limited access to digital media, and
potential dependence on digital technology [10].
Mentoring and supervision by physics teachers will
determine the success of digital learning [11].

From existing studies, there is still no discussion
that show the contribution digital learning in physics
learning and important role of interactive learning in
physics. Some studies tend to discuss digital
learning, but to show the right data regarding the
analysis, bibliometric studies and literature reviews
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are needed. Bibliometric analysis is a method to
provide knowledge regarding the growth and flow of
literature in a particular publication field [12]. This
bibliometric study uses empirical data to track
existing publications [13]. This study can analyze the
distribution of manuscripts sorted by country, source,
year and more [14].

With an explanation of the importance digital
learning as well as the existing shortcomings, this
research was carried out. The aim is to analyze top
100 highest citations of digital learning research
topic, and the important role of interactive learning in
physics from 1992 to 2021. For analysis using

bibliometrics and also literature review. The
objective research include:
1. Analyze the trend of digital learning

publications from the last thirty years.

2. ldentify the most widely used keywords, the
country and author that contribute the most to
the publication of digital learning in last thirty
years.

3. Identify document types and source titles for
digital learning from the last thirty years.

4. ldentify the year wise distribution of the top 100
cited digital learning publications from the last
thirty years.

5. ldentify the contribution digital learning in
physics learning over the last thirty years.

6. ldentify the advantages and disadvantages of
digital learning.

7. Analyze the important role of
learning in physics.

interactive

2. Methods

This study uses bibliometric analysis and
literature review. The data used in this study were
taken from Scopus. Scopus is well-known for its
largest database of publications in various fields
including academics [15], [16]. Data from Scopus
can be adjusted according to the needs of the year,
title, country, keywords, and so on [17]. In addition,
this study uses a literature review from previous
studies as a reinforcement of research data.

Research data taken on April 1, 2022. The data in
Scopus is selected based on the keywords you want
to search for. In this study, the keyword selection
stage was carried out twice, the first regarding digital
learning. Furthermore, the second keyword are
connected with physics learning to find the
contribution of digital learning, for more details can
be seen in Figure 1. The data obtained in the form of
.csv which was then analyzed using Microsoft excel
and .ris which was analyzed using VOSViewer [18].

[ Defining Keywords ]

Second Filtering

First Filtering

Title (digital
AND learning
AND physics
AND learning)

Title (digital
AND learning)

Shorted top 100
cited from 1992
to 2021

Shorted in all
years by higest
cited

6249 documents

37 documents

[ Results and Discussion ]

[ Conclude ]

Figure 1. Flowchart for the keyword filtering
3. Results and Discussion
3.1 Publication Trend in Last 30 Years

From Figure 2, we can see the trend of
publications related to digital learning. The trend of
publication is an important aspect to pay attention to
and follow up [19]. Considering that publications
must be in accordance with current conditions, which
mean the development of a topic is determined from
the trend of publications each year [20].
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Figure 2. Digital learning publication trends

The highest digital learning publication in 2021
with 1145 documents and the lowest in 1993 with 4
documents. Digital learning publications began to



increase steadily, from 2014 to 2021. The highest
increase occurred in 2021 as many as 273 documents
from 2020. The researchers tend to be interested in
raising the topic of digital learning [21]. This is in
line with the fact that the majority of education in the
world has used digital learning due to the emergence
of the Covid-19 pandemic [22]. So that research
related to digital learning has high potential for future
research.

3.2 Visualization of The Most Used Keywords, Top
Countries and Top Authors Who Contributed the
Most

dpleary T

Figure 3. The keywords visualization of digital
learning

Figure 3 shows the keyword visualization using
VOSViewer. Keywords can describe the subject
matter in a publication [23]. For digital learning
topics, the most commonly used keyword is "digital
age" which has 8 occurrences and "digital literacy"
has 6 occurrences.

Table 1. Comparison of the top 10 countries with the
most publications in the last thirty years

Top 10 countries Publications
United States 1,359
United Kingdom 460
China 422
Germany 347
Australia 319
Taiwan 306
Spain 281
Indonesia 221
Canada 208
India 187
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Figure 4. Top 10 Countries with publications about
digital learning

From Table 1 and Figure 4, it can be concluded
that the United States has the highest contribution
over the last thirty years both on the topic of digital
learning. There are five countries that consistently
occupy the top 10 on all publication topics related to
digital learning including the United States, China,
United Kingdom, Australia and Spain. To identify
the author who has the most publications on each
topic of digital learning, using VOS viewer and
Microsoft Excel analysis. The results of the
Microsoft Excel analysis are shown in Table 2.

Table 2. The top 10 author with the highest citations
in the last thirty years

Author Total Citations Country
M. Papastergiou 1,880 Greece
K. Kiili 1,978 Findland
C.M. Greenhow 2,509 United States
A.R. Janowczyk 1,269 United States
D.B. Clark 3,069 Canada
A. Madabhushi 14,845* United States
B. Gros 660 Spain
S. Erhel 429 France
A. Sadik 367 Egypt
B.Q. Huynh 590 United States

Table 2 shows the top 10 authors from the highest
citations for the topic of digital learning, M.
Papastergiou from Greece. Meanwhile, the highest
total citation was owned by A Madabhushi came
from the United States. To find out who the author
on the topic of digital learning is the most
contributing and connected is using VOSViewer.
With VOSViewer we can identify the classification
of top authors [24]. The grouping and connection of
each author is indicated by the presence of clusters
[25]. The first result of the digital learning topic is
divided into 3 clusters, namely red (n=5), green (4),
blue (n=2). H. Beetham is the main author because
he has 3 documents with 2 total link strength which
is more than any other author.

3.3The Document Types and Source Titles of Top
100 Highest Cited Publication in Last 30 Years

Table 3. The document types of top 100 highest cited
digital learning publication in last 30 years

Document Freg- Cited Mean Med- sD
Type uency ian
Article 81* 14206* | 175.3 125 160.8*
Conference | 4 808 | 1154 | 95 | 47.2
paper
Review 4 810 202.5* | 209.5* | 96.6
Note 0 0 0 0 -
Book 7 1011 144.4 129 63.1
Editorial 1 376 376 376 -




Table 3 shows on digital learning topic, the most
publications are in the form of articles (n=81).
Digital learning has the total cited is 14,206. The
standard deviation is quite high, namely digital
learning (n=160.8).

Table 4. The source titles of top 100 highest cited
publication in last 30 years

Source Title

==
w|O
_'
(@]

Computers and Education 2983

Educational Technology and Society

Internet and Higher Education

Rethinking Pedagogy for a Digital Age:
Designing and Delivering E-Learning

4
Journal of Computer Assisted Learning 3 565
Journal of Research on Technology in 3 530
Education

Language and Learning in the Digital Age 3 468
Geoderma 3 386
ReCALL 3 325

2

2

Learning, Media and Technology 2 264

TD = Total Documents TC = Total Citations

Table 4 shows the source titles of digital learning
are varied. For the highest source title digital learning
namely Computers and Education (n=13 documents).
The highest total citation is 2,983 namely source title
is Computers and Education.

3.4 The Year Wise Distribution of Top 100 Highest
Cited Publication in Last 30 Years

Table 5 contains information on the distribution of
the top 100 cited publications on the topics of digital

Year Citable Digital Learning
Year TC TD ACPP ACPPY
2012 10 1327 10 132.7 13.3
2013 9 1199 7 1713 19
2014 8 894 8 111.7 13.9
2015 7 443 4 110.7 15.8
2016 6 2699* 11* 245.4 40.9
2017 5 567 4 141.7 28.4
2018 4 881 6 146.8 36.7
2019 3 884 9 98.2 32.7
2020 2 326 2 163 81.5*
2021 1 0 0 0 0
*The Highest Number

This information can be used to see in what year
the top 100 cited publications were produced on the
topic. From this study it was found that the highest
year is 2016 (n=11 documents). In addition, from this
study it was found that the highest year is 2016
(n=2,699 citations). The highest average citation per
paper per year in 2020 is 81,5.

3.5Literature Review of Digital Learning to Physics
Learning

Table 6 contains the results of the literature review
by taking into account the quartiles, citations, and
findings to provide recommendations regarding the
selected paper.

Table 6. Top 5 highest cited paper showed
contribution of digital learning to physics learning

! . Author SJR | Citation | Findings
learning. The range of data used is from 1992 t0 ~Angerson. 3.1 1,03 26 Digitalgleaming with game
2021. L., & | (Q1) simulations has a positive
Barnett, M. impact on the learning
Table 5. The year wise distribution of top 100 highest | [26] ggﬁg%ﬂ“;ig;{t‘:;g'pﬁ%cs
cited publication in last 30 years learning,
Year Citable Digital Learning Sengupta, P., | 4,06 22 The results of the study
Year TC D ACPP ACPPY Krinks, K. | (Q1) show that the combination
1992 30 0 0 0 0 D., & Clark, of using digital Iearr}ing
1993 29 0 0 0 0 D. B. [27] fostefs student physms
learning motivation
1994 28 0 0 0 0 Melo, M. | 0,54 4 The use of digital learning
1995 27 215 2 107.5 3.9 [28] (Q2) 4C/ID model in physics
1996 26 0 0 0 0 content to students has a
1997 25 0 0 0 0 positive impact on learning
1998 | 24 0 0 0 0 outcomes. ___
1999 23 0 0 0 0 Euler, E., 0,34 1 Digital Iearnlng using _the
2000 22 0 0 0 0 Prytz, C:, & (Q3) Algodoo application gives
2001 21 220 2 210 10 Gregorcic, students the gpportun.lty to
2002 20 0 0 0 0 B. [29] explo_re physics learning
materials for free and able to
2003 19 0 0 0 0 attract students' attention in
2004 18 454 2 227 12.6 learning
2005 17 1237 4 309.2* 18.2 Sukarno & 0,49 1 Students' metacognitive and
2006 16 270 2 135 8.4 Widdah, (Q2) digital literacy skills
2007 15 891 5 178.2 11.8 M.E. [30] increase in physics learning.
2008 14 869 5 173.8 12.4
gggg 12 2422812 ; 11263 iié The ranking system of reputable journals based on
011 m 932 7 1331 o1 the subject or category of the related journal field is




also called quartiles [31]. From these results, it can
be seen that the topic of digital learning has the
highest citation is 46, thus, research related to digital
learning in physics will have a lot of potentials, and
its novelty will be quite high. Digital learning tends
to take advantage of interactive learning applications
to increase student motivation and learning outcomes
[32].

3.6 Advantage and Disadvantage of Digital
Learning to Physics Learning

Table 7. Discussion about digital learning

Discussion Digital Learning
Learning media that can be done digitally
Meaning without having to wait for internet access to

start.

« Some digital learning can be accessed
without internet

o Not tied to face-to-face or non-face-to-
face learning

* More towards the learning media

Can be used in various places, can trigger

students to think creatively and

innovatively

Can lead to dependence on digital tools so

that it can cause laziness in students

Characteristics

Advantage

Disadvantage

Table 7 broadly speaking, it can be concluded that
digital learning has advantages in flexibility and
types of media that utilize sophisticated digital tools.
While the disadvantages have an impact on students'
lifestyles which can become dependent on digital
learning media. The digital learning is a learning
process that requires internet access, while digital
learning does not always require internet access.

3.7 Analyze the Important Role of Interactive
Learning in Physics Based on Digital Learning
Research

Learning physics still tends to be difficult for most
students to understand. Physics learning needs to be
set more interactively for students. The use of
interactive learning media can be integrated using a
combination of video, graphics, text, and sound.
Digital learning by applying interactive virtual reality
can deepen students' understanding of physics
material. In addition, through good quality
worksheets in digital learning can improve students'
critical thinking skills in learning physics. Practical
activities can play an important role in engaging
students with the world of science, especially when
using digital tools. So, it can be concluded that
interactive learning can improve student learning
outcomes [33].

The majority of students in the 21st century is
proficient in advanced technology and are adaptable.
For example, the use of interactive modules is also
very important to apply because, according to

research [34], digital learning of physics with
interactive modules shows compatibility and a
positive impact. Since the last three years, the world
has been affected by the pandemic, so academic units
must also think about effective learning methods that
can still improve student achievement. Therefore,
interactive learning in physics is starting to be more
widely applied. One of them is by using interactive
multimedia, which is able to improve students'
understanding of concepts [35]. Interactive learning
plays an important role in deepening the concept of
physics and making the learning atmosphere more
interesting even though digital learning.

4, Conclusion

Research results analysis using bibliometric studies
and literature reviews related to digital learning
research get several conclusions. The conclusion is
that the trend of digital learning topics is increase
steadily, from 2014 to 2021. The most commonly
used keywords are digital age, and digital literacy.
United States (US) has made the highest contribution
over the last thirty years on digital learning. The
author with the highest citation on digital learning is
M. Papastergiou from Greece. The type of document
that is often published in the article. The highest
source titles digital learning, namely Computers and
Education. The highest average citation per paper per
year is in 2020 where digital learning (n=81,5). The
digital learning topic contribute to learning physics.
From explanation above, the future research related to
digital learning in physics will have a lot of
potentials, and its novelty will be quite high. The
important role of interactive learning in physics is to
improve student learning outcomes, train critical
thinking skills, deepen understanding of concepts and
make learning more interesting. The advantages in
flexibility and types of media that utilize sophisticated
digital tools. While the disadvantages have an impact
on students' lifestyles which can become dependent
on digital learning media and because it’s using the
internet network, which requires costs and a strong
signal because not all areas have a strong network
connection.

The implication of this research is to show the
trend of publication of digital learning topics so that
future researchers can show more benefits related to
these topics. With this article, researchers can find out
the strengths and weaknesses of digital learning topic
and can find updates for future research. The
limitation of the study is that some research results at
Scopus are limited to full access. More intensively,
further research can be carried out by comparing
other learning systems applied in physics learning.
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the examples are digital learning. The development
of learning systems must pay attention to the ease of
adaptation and transformation [[1],[2]. [Learning
development can be done by combining
organizational learning theory and general systems
theory.

There are many impacts of the covid-19
pandemic, one of which is in the world of education.
One of the updates on October 10, 2021, the entire
country has reported 219 million cases with 4.55
million deaths [3]. With the danger that threatens,
many countries are trying to make learning
sustainable [4]. Efforts are made to organize healthy
learning during the covid-19 pandemic crisis [5]. The
covid-19 outbreak caused the closure of schools and
colleges, so that educational institutions designed
more flexible. Research conducted by Leonhard [6],
Neil [7], and David [8] concluded that during the
covid-19 pandemic, student responses showed good
acceptance of digital learning. Students accept and
adapt easily to digital technology during the covid-19
pandemic.

Physics learning is closely related to natural
phenomena and experimental activities. The flexible
of physics learning can be done use digital
technology or without it [9]. By learning physics
through digital learning students are challenged to be
more independent, must be easy to adapt and willing
to learn. However, there are shortcomings in the
implementation of digital learning, namely some
places have limited access to digital media, and
potential dependence on digital technology [10].
Mentoring and supervision by physics teachers will
determine the success of digital learning [11].

From existing studies, there is still no discussion
that show the contribution digital learning in physics
learning and important role of interactive learning in
physics. Some studies tend to discuss digital
learning, but to show the right data regarding the
analysis, bibliometric studies and literature reviews
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are needed. Bibliometric analysis is a method to
provide knowledge regarding the growth and flow of
literature in a particular publication field [12]. This
bibliometric study uses empirical data to track
existing publications [13]. This study can analyze the
distribution of manuscripts sorted by country, source,
year and more [14].

With an explanation of the importance digital
learning as well as the existing shortcomings, this
research was carried out. The aim is to analyze top
100 highest citations of digital learning research
topic, and the important role of interactive learning in
physics from 1992 to 2021. For analysis using

bibliometrics and also literature review. The
objective research include:
1. Analyze the trend of digital learning

publications from the last thirty years.

2. ldentify the most widely used keywords, the
country and author that contribute the most to
the publication of digital learning in last thirty
years.

3. Identify document types and source titles for
digital learning from the last thirty years.

4. ldentify the year wise distribution of the top 100
cited digital learning publications from the last
thirty years.

5. ldentify the contribution digital learning in
physics learning over the last thirty years.

6. ldentify the advantages and disadvantages of
digital learning.

7. Analyze the important role of interactive
learning in physics.

2. Methods

This study uses bibliometric analysis and
literature review. The data used in this study were
taken from Scopus. Scopus is well-known for its
largest database of publications in various fields
including academics [15],[16]. Data from Scopus can
be adjusted according to the needs of the year, title,
country, keywords, and so on [17]. In addition, this
study uses a literature review from previous studies
as a reinforcement of research data.

Research data taken on April 1, 2022. The data in
Scopus is selected based on the keywords you want
to search for. In this study, the keyword selection
stage was carried out twice, the first regarding digital
learning. Furthermore, the second keyword are
connected with physics learning to find the
contribution of digital learning. The data obtained in
the form of .csv which was then analyzed using
microsoft excel and .ris which was analyzed using
VOSviewer [18].

[ Defining Keywords ]

Second Filtering

First Filtering

Title (digital Title (digital
AND learning) AND learning
AND physics

AND learning)

_

Shorted in all
years by higest
cited

Shorted top 100
cited from 1992
to 2021

6249 documents 37 documents

[ Results and Discussion ]

[ Conclude ]

[Figure 1. Flowchart for the keyword filtering

3. Results and Discussion
3.1 Publication Trend in Last 30 Years

From Figure 2, we can see the trend of
publications related to digital learning. The trend of
publication is an important aspect to pay attention to
and follow up [19]. Considering that publications
must be in accordance with current conditions, which
mean the development of a topic is determined from
the trend of publications each year [20].

Digital Learning

1400
1200
1000
800
600

5 Digital Leaming

Figure 2. Digital learning publication trends

The highest digital learning publication in 2021
with 1145 documents and the lowest in 1993 with 4
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documents. Digital learning publications began to
increase steadily, from 2014 to 2021. The highest
increase occurred in 2021 as many as 273 documents
from 2020. The researchers tend to be interested in
raising the topic of digital learning [21]. This is in
line with the fact that the majority of education in the
world has used digital learning due to the emergence
of the Covid-19 pandemic [22]. So that research
related to digital learning has high potential for future
research.

3.2 Visualization of The Most Used Keywords, Top
Countries and Top Authors Who Contributed The
Most

delgeee v
dgpllieny LL U] 2l amings T

Figure 3. The keywords visualization of digital
learning

Figure 3 shows the keyword visualization using
VOSviewer. Keywords can describe the subject
matter in a publication [23]. For digital learning
topics, the most commonly used keyword is "digital
age" which has 8 occurrences and "digital literacy"
has 6 occurrences.

Table 1. Comparison of the top 10 countries with the
most publications in the last thirty years

Top 10 countries Publications
United States 1,359
United Kingdom 460
China 422
Germany 347
Australia 319
Taiwan 306
Spain 281
Indonesia 221
Canada 208
India 187
. .
EN
Canada

347 Germany g

281 Spain
' 422

7 306 Taiws
us 18 306 Taiwan
)
India 299
indonesia
319
t

Austialia

Figure 4. Top 10 Countries with publications about
digital learning

From Table 1 and Figure 4, it can be concluded
that the United States has the highest contribution
over the last thirty years both on the topic of digital
learning. There are five countries that consistently
occupy the top 10 on all publication topics related to
digital learning including the United States, China,
United Kingdom, Australia and Spain.To identify the
author who has the most publications on each topic
of digital learning, using VOS viewer and Microsoft
Excel analysis. The results of the Microsoft Excel
analysis are shown in Table 2.

Table 2. The top 10 author with the highest citations
in the last thirty years

Author Total Citations Country
M. Papastergiou 1,880 Greece
K. Kiili 1,978 Findland
C.M. Greenhow 2,509 United States
A.R. Janowczyk 1,269 United States
D.B. Clark 3,069 Canada
A. Madabhushi 14,845* United States
B. Gros 660 Spain
S. Erhel 429 France
A. Sadik 367 Egypt
B.Q. Huynh 590 United States

Table 2 shows the top 10 authors from the highest
citations for the topic of digital learning, M.
Papastergiou from Greece. Meanwhile, the highest
total citation was owned by A Madabhushi came
from the United States. To find out who the author
on the topic of digital learning is the most
contributing and connected is using VOSViewer.
With VOSViewer we can identify the classification
of top authors [24]. The grouping and connection of
each author is indicated by the presence of clusters
[25]. The first result of the digital learning topic is
divided into 3 clusters, namely red (n=5), green (4),
blue (n=2). H. Beetham is the main author because
he has 3 documents with 2 total link strength which
is more than any other author.

3.3The Document Types and Source Titles of Top
100 Highest Cited Publication in Last 30 Years

Table 3. The document types of top 100 highest cited
digital learning publication in last 30 years

Document Freg- cited | Mean Med— sD
Type uency ian
Article 81* 14206* | 175.3 125 160.8*
Conference 7 808 | 1154 | 95 472
paper
Review 4 810 202.5* | 209.5* 96.6
Note 0 0 0 0 -
Book 7 1011 144.4 129 63.1
Editorial 1 376 376 376 -




Table 3 shows on digital learning topic, the most
publications are in the form of articles (n=81).
Digital learning has the total cited is 14,206. The
standard deviation is quite high, namely digital
learning (n=160.8).

Table 4. The source titles of top 100 highest cited
publication in last 30 years

Year Citable Digital Learning

Year TC TD ACPP ACPPY
2011 11 932 7 133.1 12.1
2012 10 1327 10 132.7 133
2013 9 1199 7 171.3 19
2014 8 894 8 1117 13.9
2015 7 443 4 110.7 15.8
2016 6 2699* | 11* 245.4 40.9
2017 5 567 4 1417 28.4
2018 4 881 6 146.8 36.7
2019 3 884 9 98.2 32.7
2020 2 326 2 163 81.5*
2021 1 0 0 0 0

*The Highest Number

Source Title TD | TC
Computers and Education 13 | 2983
Educational Technology and Society 4 415
Journal of Computer Assisted Learning 3 565
Journal of Research on Technology in
- 3 530
Education
Language and Learning in the Digital Age 3 468
Geoderma 3 386
ReCALL 3 325
Internet and Higher Education 2 1008
Rethinking Pedagogy for a Digital Age:
A Y - 2 343
Designing and Delivering E-Learning
Learning, Media and Technology 2 264

TD = Total Documents TC = Total Citations

Table 4 shows the source titles of digital learning
are varied. For the highest source title digital learning
namely Computers and Education (n=13 documents).
The highest total citation is 2,983 namely source title
is Computers and Education.

3.4 The Year Wise Distribution of Top 100 Highest
Cited Publication in Last 30 Years

Table 5 contains information on the distribution of
the top 100 cited publications on the topics of digital
learning. The range of data used is from 1992 to

This information can be used to see in what year
the top 100 cited publications were produced on the
topic. From this study it was found that the highest
year is 2016 (n=11 documents). In addition, from this
study it was found that the highest year is 2016
(n=2,699 citations). The highest average citation per
paper per year in 2020 is 81,5.

3.5Literature Review of Digital Learning to Physics
Learning

Table 6 contains the results of the literature review
by taking into account the quartiles, citations, and
findings to provide recommendations regarding the
selected paper.

Table 6. Top 5 highest cited paper showed
contribution of digital learning to physics learning

Author SJR | Citation | Findings
2021. Anderson, J. | 1,03 46 Digital learning with game
L., & | (Q1) simulations has a positive
Table 5. The year wise distribution of top 100 highest | Barnett, M. impact on the learning
cited publication in last 30 years [26] outcomes of junior high
school students in physics
- — - learning.
Year | Citable Digital Learning Sengupta, P., | 4,06 22 The results of the study
Year TC TD ACPP ACPPY Krinks, K. | (Q1) show that the combination
1992 30 0 0 0 0 D., & Clark, of using digital learning
1993 29 0 0 0 0 D. B. [27] fosters student physics
1994 28 0 0 0 0 learning motivation
Melo, M. | 0,54 4 The use of digital learning
iggg g; 235 (2) 1007 5 3(')9 28] ©2) 4C/ID model in physics
content to students has a
1997 25 0 0 0 0 positive impact on learning
1998 24 0 0 0 0 outcomes.
1999 23 0 0 0 0 Euler, E., 0,34 1 Digital learning using the
2000 22 0 0 0 0 Prytz,C., & | (Q3) Algodoo application gives
2001 21 420 2 210 10 Gregorcic, students the opportunity to
2002 20 0 0 0 0 B. [29] explore physics learning
2003 19 0 0 0 0 materials for free and able to
2004 18 254 2 227 126 ?ttrac_t students' attention in
™~ earning
5832 1; 1227307 g 3(1935 18842 Sukarno & 0,49 1 Students' metacognitive and
- Widdah, (Q2) digital literacy skills
2007 15 891 5 1782 118 M.E. [30] increase in physics learning
2008 14 869 5 173.8 124 — -
2009 13 2282 7 326 25.1
2010 12 421 3 140.3 116




The ranking system of reputable journals based on
the subject or category of the related journal field is
also called quartiles [31]. From these results, it can
be seen that the topic of digital learning has the
highest citation is 46, thus, research related to digital
learning in physics will have a lot of potentials, and
its novelty will be quite high. Digital learning tends
to take advantage of interactive learning applications
to increase student motivation and learning outcomes
[32].

3.6 Advantage and Disadvantage of Digital
Learning to Physics Learning

[Table 7. Discussion about digital learning

Discussion Digital Learning
Learning media that can be done digitally
Meaning without having to wait for internet access to

start.

« Some digital learning can be accessed
without internet

Characteristics | o Not tied to face-to-face or non-face-to-
face learning

* More towards the learning media

Can be used in various places, can trigger

students to think creatively and

innovatively

Can lead to dependence on digital tools so

that it can cause laziness in students

Advantage

Disadvantage

Broadly speaking, it can be concluded that digital
learning has advantages in flexibility and types of
media that utilize sophisticated digital tools. While
the disadvantages have an impact on students'
lifestyles which can become dependent on digital
learning media. The digital learning is a learning
process that requires internet access, while digital
learning does not always require internet access.

3.7 Analyze the Important Role of Interactive
Learning in Physics Based on Digital Learning
Research

Learning physics still tends to be difficult for most
students to understand. Physics learning needs to be
set more interactively for students. The use of
interactive learning media can be integrated using a
combination of video, graphics, text, and sound.
Digital learning by applying interactive virtual reality
can deepen students' understanding of physics
material. In addition, through good quality
worksheets in digital learning can improve students'
critical thinking skills in learning physics. Practical
activities can play an important role in engaging
students with the world of science, especially when
using digital tools. So, it can be concluded that
interactive learning can improve student learning
outcomes [33].

The majority of students in the 21st century are
proficient in advanced technology and are adaptable.
For example, the use of interactive modules is also
very important to apply because, according to
research [34], digital learning of physics with
interactive modules shows compatibility and a
positive impact. Since the last three years, the world
has been affected by the pandemic, so academic units
must also think about effective learning methods that
can still improve student achievement. Therefore,
interactive learning in physics is starting to be more
widely applied. One of them is by using interactive
multimedia, which is able to improve students'
understanding of concepts [35]. Interactive learning
plays an important role in deepening the concept of
physics and making the learning atmosphere more
interesting even though digital learning.

4. Conclusion

Research results analysis using bibliometric studies
and literature reviews related to digital learning
research get several conclusions. The conclusion is
that the trend of digital learning topics is increase
steadily, from 2014 to 2021. The most commonly
used keywords are digital age, and digital literacy.
United States (US) has made the highest contribution
over the last thirty years on digital learning. The
author with the highest citation on digital learning is
M. Papastergiou from Greece. The type of document
that is often published in the article. The highest
source titles digital learning, namely Computers and
Education. The highest average citation per paper per
year is in 2020 where digital learning (n=81,5). The
digital learning topic contribute to learning physics.
From explanation above, the future research related to
digital learning in physics will have a lot of
potentials, and its novelty will be quite high. The
important role of interactive learning in physics is to
improve student learning outcomes, train critical
thinking skills, deepen understanding of concepts and
make learning more interesting. The advantages in
flexibility and types of media that utilize sophisticated
digital tools. While the disadvantages have an impact
on students' lifestyles which can become dependent
on digital learning media and because it’s using the
internet network, which requires costs and a strong
signal because not all areas have a strong network
connection.

The implication of this research is to show the
trend of publication of digital learning topics so that
future researchers can show more benefits related to
these topics. With this article, researchers can find out
the strengths and weaknesses of digital learning topic
and can find updates for future research. The
limitation of the study is that some research results at
Scopus are limited to full access. More intensively,
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further research can be carried out by comparing
other learning systems applied in physics learning.
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Abstract — The aim is to analyze top 100 highest
citations of digital learning research topic and the
important role of interactive learning in physics
learning in 1992-2021. This study uses bibliometric
analysis and literature review. The trend of digital
learning topics is increase steadily, from 2014 to 2021.
Digital learning shows an excellent contribution to
physics learning. The important role of interactive
learning in physics are to improve student learning
outcomes, deepen understanding and make learning
more interesting. More intensively, further research
can be carried out by comparing other learning
systems applied in physics learning.
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1. Introduction
Various kinds of learning system have been

applied according to surrounding conditions,
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the examples are digital learning. The development
of learning systems must pay attention to the ease of
adaptation and transformation [1], [2]. Learning
development can be done by combining
organizational learning theory and general systems
theory.

There are many impacts of the covid-19
pandemic, one of which is in the world of education.
One of the updates on October 10, 2021, the entire
country has reported 219 million cases with 4.55
million deaths [3]. With the danger that threatens,
many countries are trying to make learning
sustainable [4]. Efforts are made to organize healthy
learning during the covid-19 pandemic crisis [5]. The
covid-19 outbreak caused the closure of schools and
colleges, so that educational institutions designed
more flexible. Research conducted by Leonhard [6],
Neil [7], and David [8] concluded that during the
covid-19 pandemic, student responses showed good
acceptance of digital learning. Students accept and
adapt easily to digital echnology during the covid-19
pandemic.

Physics learning is closely related to natural
phenomena and experimental activities. The flexible
of physics learning can be done use digital
technology or without it [9]. By learning physics
through digital learning students are challenged to be
more independent, must be easy to adapt and willing
to learn. However, there are shortcomings in the
implementation of digital learning, namely some
places have limited access to digital media, and
potential dependence on digital technology [10].
Mentoring and supervision by physics teachers will
determine the success of digital learning [11].

From existing studies, there is still no discussion
that show the contribution digital learning in physics
learning and important role of interactive learning in
physics. Some studies tend to discuss digital
learning, but to show the right data regarding the
analysis, bibliometric studies and literature reviews
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are needed. Bibliometric analysis is a method to
provide knowledge regarding the growth and flow of
literature in a particular publication field [12]. This
bibliometric study uses empirical data to track
existing publications [13]. This study can analyze the
distribution of manuscripts sorted by country, source,
year and more [14].

With an explanation of the importance digital
learning as well as the existing shortcomings, this
research was carried out. The aim is to analyze top
100 highest citations of digital learning research
topic, and the important role of interactive learning in
physics from 1992 to 2021. For analysis using

bibliometrics and also literature review. The
objective research include:
1. Analyze the trend of digital learning

publications from the last thirty years.

2. ldentify the most widely used keywords, the
country and author that contribute the most to
the publication of digital learning in last thirty
years.

3. ldentify document types and source titles for
digital learning from the last thirty years.

4. Identify the year wise distribution of the top 100
cited digital learning publications from the last
thirty years.

5. Identify the contribution digital learning in
physics learning over the last thirty years.

6. Identify the advantages and disadvantages of
digital learning.

7. Analyze the important
learning in physics.

role of interactive

2. Methods

This study uses bibliometric analysis and
literature review. The data used in this study were
taken from Scopus. Scopus is well-known for its
largest database of publications in various fields
including academics [15], [16]. Data from Scopus
can be adjusted according to the needs of the year,
title, country, keywords, and so on [17]. In addition,
this study uses a literature review from previous
studies as a reinforcement of research data.

Research data taken on April 1, 2022. The data in
Scopus is selected based on the keywords you want
to search for. In this study, the keyword selection
stage was carried out twice, the first regarding digital
learning. Furthermore, the second keyword are
connected with physics learning to find the
contribution of digital learning, for more details can
be seen in Figure 1. The data obtained in the form of
.csv which was then analyzed using Microsoft excel
and.ris which was analyzed using VOSViewer [18].
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Figure 1. Flowchart for the keyword filtering
3. Results and Discussion
3.1 Publication Trend in Last 30 Years

From Figure 2, we can see the trend of
publications related to digital learning. The trend of
publication is an important aspect to pay attention to
and follow up [19]. Considering that publications
must be in accordance with current conditions, which
mean the development of a topic is determined from
the trend of publications each year [20].
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Figure 2. Digital learning publication trends

The highest digital learning publication in 2021
with 1145 documents and the lowest in 1993 with 4
documents. Digital learning publications began to



increase steadily, from 2014 to 2021. The highest
increase occurred in 2021 as many as 273 documents
from 2020. The researchers tend to be interested in
raising the topic of digital learning [21]. This is in
line with the fact that the majority of education in the
world has used digital learning due to the emergence
of the Covid-19 pandemic [22]. So that research
related to digital learning has high potential for future
research.

3.2 Visualization of The Most Used Keywords, Top
Countries and Top Authors Who Contributed the
Most
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d\g@age designing

digitalleamirfgenvircrmept
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Figure 3. The keywords visualization of digital
learning

Figure 3shows the keyword visualization using
VOSViewer. Keywords can describe the subject
matter in a publication [23]. For digital learning
topics, the most commonly used keyword is "digital
age" which has 8 occurrences and "digital literacy"
has 6occurrences.

Table 1. Comparison of the top 10 countries with the
most publications in the last thirty years

Top 10 countries Publications
United States 1,359
United Kingdom 460
China 422
Germany 347
Australia 319
Taiwan 306
Spain 281
Indonesia 221
Canada 208
India 187
R P —
O Canada
ﬂ 208L 460 UK China
347 Germany i
Us 187 306 Taiwan

1

India 227
T

Indonesia

y

Australia

Figure 4.Top 10 Countries with publications about
digital learning

From Table 1 and Figure 4, it can be concluded
that the United States has the highest contribution
over the last thirty years both on the topic of digital
learning. There are five countries that consistently
occupy the top 10 on all publication topics related to
digital learning including the United States, China,
United Kingdom, Australia and Spain. To identify
the author who has the most publications on each
topic of digital learning, using VOS viewer and
Microsoft Excel analysis. The results of the
Microsoft Excel analysis are shown in Table 2.

Table 2. The top 10 author with the highest citations
in the last thirty years

Author Total Citations Country
M. Papastergiou 1,880 Greece
K. Kiili 1,978 Findland
C.M. Greenhow 2,509 United States
A.R. Janowczyk 1,269 United States
D.B. Clark 3,069 Canada
A. Madabhushi 14,845* United States
B. Gros 660 Spain
S. Erhel 429 France
A. Sadik 367 Egypt
B.Q. Huynh 590 United States

Table 2 shows the top 10 authors from the highest
citations for the topic of digital learning, M.
Papastergiou from Greece. Meanwhile, the highest
total citation was owned by A Madabhushi came
from the United States.To find out who the author on
the topic of digital learning is the most contributing
and connected is using VOSViewer. With
VOSViewer we can identify the classification of top
authors [24]. The grouping and connection of each
author is indicated by the presence of clusters [25].
The first result of the digital learning topic is divided
into 3 clusters, namely red (n=5), green (4), blue
(n=2). H. Beetham is the main author because he has
3 documents with 2 total link strength which is more
than any other author.

3.3 The Document Types and Source Titles of Top
100 Highest Cited Publication in Last 30 Years

Table 3. The document types of top 100 highest cited
digital learning publication in last 30 years

Document Freqg- Cited | Mean Med- sD
Type uency ian
Article 81* 14206* | 175.3 125 160.8*
Conference 7 808 | 1154 | 95 47.2
paper
Review 4 810 202.5* | 209.5* | 96.6
Note 0 0 0 0 -
Book I 1011 144.4 129 63.1
Editorial 1 376 376 376 -




Table 3 shows on digital learning topic, the most
publications are in the form of articles (n=81).
Digital learning has the total cited is 14,206. The
standard deviation is quite high, namely digital
learning (n=160.8).

Table 4. The source titles of top 100 highest cited
publication in last 30 years

Source Title TD TC

Computers and Education 13 | 2983

Educational Technology and Society 4 415

Journal of Computer Assisted Learning 3 565

Journal of Research on Technology in 3 530

Education

Language and Learning in the Digital Age 3 468

Geoderma 3 386

ReCALL 3 325

Internet and Higher Education 2 1008

Rethinking Pedagogy for a Digital Age: 2 343
Designing and Delivering E-Learning

Learning, Media and Technology 2 264

TD = Total Documents TC = Total Citations

Table 4 shows the source titles of digital learning
are varied. For the highest source title digital learning
namely Computers and Education (n=13 documents).
The highest total citation is 2,983 namely source title
is Computers and Education.

3.4 The Year Wise Distribution of Top 100 Highest
Cited Publication in Last 30 Years

Table 5 contains information on the distribution of
the top 100 cited publications on the topics of digital
learning. The range of data used is from 1992 to
2021.

Table 5. The year wise distribution of top 100 highest
cited publication in last 30 years

Year Citable Digital Learning
Year TC | TD | ACPP_ | ACPPY

1992 30 0 0 0 0
1993 29 0 0 0 0
1994 28 0 0 0 0
1995 27 215 2 107.5 3.9
1996 26 0 0 0 0
1997 25 0 0 0 0
1998 24 0 0 0 0
1999 23 0 0 0 0
2000 22 0 0 0 0
2001 21 420 2 210 10
2002 20 0 0 0 0
2003 19 0 0 0 0
2004 18 454 2 227 12.6
2005 17 1237 4 309.2* 18.2
2006 16 270 2 135 8.4
2007 15 891 5 178.2 11.8
2008 14 869 5 173.8 12.4
2009 13 2282 7 326 25.1
2010 12 421 3 140.3 11.6
2011 11 932 7 133.1 121

Year Citable Digital Learning
Year TC | TD | ACPP | ACPPY
2012 10 1327 10 132.7 133
2013 9 1199 7 1713 19
2014 8 894 8 1117 13.9
2015 7 443 4 110.7 15.8
2016 6 2699* | 11* 245.4 40.9
2017 5 567 4 141.7 284
2018 4 881 6 146.8 36.7
2019 3 884 9 98.2 32.7
2020 2 326 2 163 81.5*
2021 1 0 0 0 0
*The Highest Number

This information can be used to see in what year
the top 100 cited publications were produced on the
topic. From this study it was found that the highest
year is 2016 (n=11 documents). In addition, from this
study it was found that the highest year is 2016
(n=2,699 citations). The highest average citation per
paper per year in 2020 is 81,5.

3.5 Literature Review of Digital Learning to Physics
Learning

Table 6contains the results of the literature review
by taking into account the quartiles, citations, and
findings to provide recommendations regarding the
selected paper.

Table 6. Top 5 highest cited paper showed
contribution of digital learning to physics learning

Author SJR | Citation | Findings

Anderson, J. | 1,03 46 Digital learning with game

L., & | (Q1) simulations has a positive

Barnett, M. impact on the learning

[26] outcomes of junior high
school students in physics
learning.

Sengupta, P., | 4,06 22 The results of the study

Krinks, K. | (Ql) show that the combination

D., & Clark, of using digital learning

D. B. [27] fosters student physics
learning motivation

Melo, M. | 0,54 4 The use of digital learning

[28] (Q2) 4C/ID model in physics
content to students has a
positive impact on learning
outcomes.

Euler, E., 0,34 1 Digital learning using the

Prytz,C., & | (Q3) Algodoo application gives

Gregorecic, students the opportunity to

B. [29] explore physics learning
materials for free and able to
attract students' attention in
learning

Sukarno & 0,49 1 Students' metacognitive and

Widdah, (Q2) digital literacy skills

M.E. [30] increase in physics learning.

The ranking system of reputable journals based on
the subject or category of the related journal field is




also called quartiles [31]. From these results, it can
be seen that the topic of digital learning has the
highest citation is 46, thus, research related to digital
learning in physics will have a lot of potentials, and
its novelty will be quite high. Digital learning tends
to take advantage of interactive learning applications
to increase student motivation and learning outcomes
[32].

3.6 Advantage and Disadvantage of Digital
Learning to Physics Learning

Table 7. Discussion about digital learning

Discussion Digital Learning
Learning media that can be done digitally
Meaning without having to wait for internet access to

start.

e Some digital learning can be accessed
without internet

» Not tied to face-to-face or non-face-to-
face learning

e More towards the learning media

Can be used in various places, can trigger

students to think creatively and

innovatively

Can lead to dependence on digital tools so

that it can cause laziness in students

Characteristics

Advantage

Disadvantage

Table 7 broadly speaking, it can be concluded that
digital learning has advantages in flexibility and
types of media that utilize sophisticated digital tools.
While the disadvantages have an impact on students'
lifestyles which can become dependent on digital
learning media. The digital learning is a learning
process that requires internet access, while digital
learning does not always require internet access.

3.7 Analyze the Important Role of Interactive
Learning in Physics Based on Digital Learning
Research

Learning physics still tends to be difficult for most
students to understand. Physics learning needs to be
set more interactively for students. The use of
interactive learning media can be integrated using a
combination of video, graphics, text, and sound.
Digital learning by applying interactive virtual reality
can deepen students' understanding of physics
material. In addition, through good quality
worksheets in digital learning can improve students'
critical thinking skills in learning physics. Practical
activities can play an important role in engaging
students with the world of science, especially when
using digital tools. So, it can be concluded that
interactive learning can improve student learning
outcomes [33].

The majority of students in the 21st century is
proficient in advanced technology and are adaptable.
For example, the use of interactive modules is also
very important to apply because, according to

research [34], digital learning of physics with
interactive modules shows compatibility and a
positive impact. Since the last three years, the world
has been affected by the pandemic, so academic units
must also think about effective learning methods that
can still improve student achievement. Therefore,
interactive learning in physics is starting to be more
widely applied. One of them is by using interactive
multimedia, which is able to improve students'
understanding of concepts [35]. Interactive learning
plays an important role in deepening the concept of
physics and making the learning atmosphere more
interesting even though digital learning.

4, Conclusion

Research results analysis using bibliometric studies
and literature reviews related to digital learning
research get several conclusions. The conclusion is
that the trend of digital learning topics is increase
steadily, from 2014 to 2021. The most commonly
used keywords are digital age, and digital literacy.
United States (US) has made the highest contribution
over the last thirty years on digital learning. The
author with the highest citation on digital learning is
M. Papastergiou from Greece. The type of document
that is often published in the article. The highest
source titles digital learning, namely Computers and
Education. The highest average citation per paper per
year is in 2020 where digital learning (n=81,5). The
digital learning topic contribute to learning physics.
From explanation above, the future research related to
digital learning in physics will have a lot of
potentials, and its novelty will be quite high. The
important role of interactive learning in physics is to
improve student learning outcomes, train critical
thinking skills, deepen understanding of concepts and
make learning more interesting. The advantages in
flexibility and types of media that utilize sophisticated
digital tools. While the disadvantages have an impact
on students' lifestyles which can become dependent
on digital learning media and because it’s using the
internet network, which requires costs and a strong
signal because not all areas have a strong network
connection.

The implication of this research is to show the
trend of publication of digital learning topics so that
future researchers can show more benefits related to
these topics. With this article, researchers can find out
the strengths and weaknesses of digital learning topic
and can find updates for future research. The
limitation of the study is that some research results at
Scopus are limited to full access. More intensively,
further research can be carried out by comparing
other learning systems applied in physics learning.
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Abstract — The aim is to analyze top 100 highest
citations of digital learning research topics and the
important role of interactive learning in physics in
1992-2021. This study uses bibliometric analysis and
literature review. The trend of digital learning topics is
increasing steadily, from 2014 to 2021. Digital learning
shows an excellent contribution to physics learning.
The important role of interactive learning in physics is
to improve student learning outcomes, deepen
understanding and make learning more interesting.
More intensively, further research can be carried out
by comparing other learning systems applied in physics
learning.

Keywords — bibliometric, digital learning, education,
physics learning

1. Introduction
Various kinds of learning systems have been

applied according to surrounding conditions,
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the example is digital learning. The development of
learning systems must pay attention to the ease of
adaptation and transformation [1], [2]. Learning
development can be done by combining
organizational learning theory and general systems
theory.

There are many impacts of the covid-19
pandemic, one of which is in the world of education.
One of the updates from the covid-19 case on
October 10, 2021, all countries have reported 219
million positive cases of covid-19 with 4.55 million
deaths [3]. With the danger that threatens, many
countries are trying to make learning sustainable [4].
Efforts are made to organize healthy learning during
the covid-19 pandemic crisis [5]. The covid-19
outbreak has led to the closure of schools and
colleges, so educational institutions are designed to
be more flexible, namely the learning process can be
carried out even though it is not face-to-face,
reducing learning hours and utilizing digital
platforms. Research conducted by Leonhard [6], Neil
[7], and David [8] concluded that during the covid-19
pandemic, student responses showed good
acceptance of digital learning. Students accepted and
adapted easily to digital technology during the covid-
19 pandemic.

Physics learning is closely related to natural
phenomena and experimental activities. The
flexibility of physics learning can be done using
digital technology or without it [9]. By learning
physics through digital learning students are
challenged to be more independent, must easily adapt
and be willing to learn. However, there are
shortcomings in the implementation of digital
learning, namely some places have limited access to
digital media and potential dependence on digital
technology [10]. Mentoring and supervision by
physics teachers will determine the success of digital
learning [11].
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From the existing studies, there is still no
discussion that shows the contribution of digital
learning in physics learning and the important role of
interactive learning in physics. Some studies tend to
discuss digital learning, but to show the right data
regarding the analysis, bibliometric studies and
literature reviews are needed. Bibliometric analysis is
a method to provide knowledge regarding the growth
and flow of literature in a particular publication field
[12]. This bibliometric study uses empirical data to
track existing publications [13]. This study can
analyze the distribution of manuscripts sorted by
country, source, year and more [14].

This research was carried out with an explanation
of the importance of digital learning as well as the
existing shortcomings. The aim is to analyze top 100
highest citations of digital learning research topics,
and the important role of interactive learning in
physics from 1992 to 2021. For analysis are used
bibliometrics and also literature review. The
objective research included:

1. Analysis of the trend of digital
publications from the last thirty years.

2. ldentifying the most widely used keywords, the
country and author that contribute the most to
the publication of digital learning in the last
thirty years.

3. ldentifying document types and source titles for
digital learning from the last thirty years.

4. Identifying the year wise distribution of the top
100 cited digital learning publications from the
last thirty years.

5. Identifying the contribution of digital learning in
physics learning over the last thirty years.

6. ldentifying the advantages and disadvantages of
digital learning.

7. Analysis of the important role of interactive
learning in physics.

learning

2. Methods

This study uses bibliometric analysis and
literature review. The data used in this study were
taken from Scopus. Scopus is well-known for its
largest database of publications in various fields
including academic fields such as natural sciences,
computing and others [15], [16]. Data from Scopus
can be adjusted according to the needs of the year,
title, country, keywords, and so on [17]. In addition,
this study uses a literature review from previous
studies as a reinforcement of research data.

Research data was taken on April 1, 2022. The
data in Scopus is selected based on the keywords you
want to search for. In this study, the keyword
selection stage was carried out twice, the first
regarding digital learning. Furthermore, the second
keywords are connected with physics learning to find
the contribution of digital learning, more details can

be seen in Figure 1. The data was obtained in the
form of .csv which was then analyzed using
Microsoft excel and .ris which was analyzed using
VOSViewer [18].
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Figure 1. Flowchart for the keyword filtering
3. Results and discussion
3.1 Publication trend in the last 30 years

From Figure 2., we can see the trend of
publications related to digital learning. The trend of
publication is an important aspect to pay attention to
and follow up [19]. Considering that publications
must be in accordance with current conditions, which
mean the development of a topic is determined from
the trend of publications each year [20].
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Figure 2. Digital learning publication trends



The highest digital learning publication was in
2021 with 1145 documents and the lowest in 1993
with 4 documents. Digital learning publications
began to increase steadily, from 2014 to 2021. The
highest increase occurred in 2021 with as many as
273 documents from 2020. The researchers tend to
be interested in raising the topic of digital learning
[21]. This is in line with the fact that the majority of
education in the world has used digital learning due
to the emergence of the Covid-19 pandemic [22]. So
that research related to digital learning has high
potential for future research.

3.2 Visualization of the most used keywords, top
countries and top authors who contributed the most

21steentury
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d‘g@age designing
digiallearmirigensironment

digitaleracy by

Figure 3. The keywords visualization of digital
learning

Figure 3. shows the keyword visualization using
VOSViewer. Keywords can describe the subject
matter in a publication [23]. For digital learning
topics, the most commonly used keyword is "digital
age" which has 8 occurrences and "digital literacy"
has 6 occurrences.

Table 1. Comparison of the top 10 countries with the
most publications in the last thirty years

Top 10 countries Publications
United States 1,359
United Kingdom 460
China 422
Germany 347
Australia 319
Taiwan 306
Spain 281
Indonesia 221
Canada 208
India 187
T ———
’»‘ ?oaj’ 460 UK China
el
W 187 b 306 Taiwan
3

Figure 4. Top 10 Countries with publications about
digital learning

From Table 1. and Figure 4., it can be concluded
that the United States produced the highest number
of papers over the last thirty years on the topic of
digital learning. There are five countries that
consistently occupy the top 10 on all publication
topics related to digital learning including the United
States, China, United Kingdom, Australia and Spain.
To identify the author who has the most publications
on each topic of digital learning, we were using VOS
viewer and Microsoft Excel analysis. The results of
the Microsoft Excel analysis are shown in Table 2.

Table 2. The top 10 author with the highest citations
in the last thirty years

Author Total Citations Country
M. Papastergiou 1,880 Greece
K. Kiili 1,978 Finland
C.M. Greenhow 2,509 United States
A.R. Janowczyk 1,269 United States
D.B. Clark 3,069 Canada
A. Madabhushi 14,845* United States
B. Gros 660 Spain
S. Erhel 429 France
A. Sadik 367 Egypt
B.Q. Huynh 590 United States

Table 2. shows the top 10 authors from the highest
citations for the topic of digital learning, M.
Papastergiou from Greece. Meanwhile, the highest
total citation was owned by A. Madabhushi from the
United States. To find out which writers on digital
learning topics produce the most digital learning
papers and who are most connected to other authors,
we can use a software called VOSViewer. With
VOSViewer we can identify the classification of top
authors [24]. The grouping and connection of each
author is indicated by the presence of clusters [25].
The first results of the digital learning topic are
divided into 3 clusters, namely red (n=5), green (4),
blue (n=2). H. Beetham is the main author because
he has 3 documents with 2 total links strength which
is more than any other author.

3.3 The document types and source titles of top 100
highest cited publications in the last 30 years

Table 3. The document types of top 100 highest cited
digital learning publication in the last 30 years

Document Freqg- Cited | Mean Med- )
Type uency ian
Avrticle 81* 14206* | 175.3 125 160.8*
Conference 7 808 | 1154 | 95 472
paper
Review 4 810 202.5* | 209.5* 96.6
Note 0 0 0 0 -
Book 7 1011 144.4 129 63.1
Editorial 1 376 376 376 -




Table 3. shows digital learning topics, most of the
publications are in the form of articles (n=81).
Digital learning has been totally cited 14,206. The
standard deviation is quite high, namely digital
learning (n=160.8).

Table 4. The source titles of top 100 highest cited
publication in the last 30 years

Source Title TD TC

Computers and Education 13 | 2983

Educational Technology and Society 4 415

Journal of Computer Assisted Learning 3 565

Journal of Research on Technology in 3 530

Education

Language and Learning in the Digital Age 3 468

Geoderma 3 386

ReCALL 3 325

Internet and Higher Education 2 1008

Rethinking Pedagogy for a Digital Age: 2 343
Designing and Delivering E-Learning

Learning, Media and Technology 2 264

TD = Total Documents TC = Total Citations

Table 4. shows that the source titles of digital
learning are varied and we can see that the source
title which produces the most digital learning topics,
namely Computers and Education (n=13 documents).
The highest total citation is 2,983 namely source title
is Computers and Education.

3.4 The year wise distribution of top 100 highest
cited publications in the last 30 years

Table 5. contains information on the distribution of

Year Citable Digital Learning
Year TC TD | ACPP | ACPPY
2011 11 932 7 133.1 12.1
2012 10 1327 10 132.7 133
2013 9 1199 7 1713 19
2014 8 894 8 111.7 13.9
2015 7 443 4 110.7 15.8
2016 6 2699* | 11* 245.4 40.9
2017 5 567 4 141.7 28.4
2018 4 881 6 146.8 36.7
2019 3 884 9 98.2 32.7
2020 2 326 2 163 81.5*
2021 1 0 0 0 0
*The Highest Number

This information can be used to see in what year
the top 100 cited publications were produced on the
topic. From this study it was found that the highest
year is 2016 (n=11 documents). In addition, from this
study it was found that the highest year is 2016
(n=2,699 citations). The highest average citation per
paper per year in 2020 is 81,5.

3.5 Literature review of digital learning to physics
learning

Table 6. contains the results of the literature review
by taking into account the quartiles, citations, and
findings to provide recommendations regarding the
selected paper.

Table 6. Top 5 highest cited paper showing
contribution of digital learning to physics learning

the tqp 100 cited publications on the_ topics of digital A mor SIR | Citation | Findings
learning. The range of data used is from 1992 to [ Anderson. J. | 1,03 46 Digital learning with game
2021. L., & | (Q1 simulations has a positive
Barnett, M. impact on the learning
Table 5. The year wise distribution of top 100 highest | [?6] outcomes of junior high
. .2 . school students in physics
cited publications in the last 30 years learning.
Year | Citable Digital Learning ki K. | @D | | show tht the combination
Year TC TD ACPP ACPPY D., & Clark, of using digital learning
1992 30 0 0 0 0 D. B. [27] fosters student physics
1993 29 0 0 0 0 learning motivation.
1994 28 0 0 0 0 Melo, M. | 0,54 4 The use of digital learning
1995 27 215 2 107.5 3.9 [28] (Q2) 4C/1D model in physics
1996 26 0 0 0 0 content to students has a
1997 25 0 0 0 0 positive impact on learning
outcomes.
1998 24 0 0 0 0 Euler, E., 0,34 1 Digital learning using the
1999 23 0 0 0 0 Prytz,C., & | (Q3) Algodoo application gives
2000 22 0 0 0 0 Gregorecic, students the opportunity to
2001 21 420 2 210 10 B. [29] explore physics learning
2002 20 0 0 0 0 materials for free and able to
2003 19 0 0 0 0 attract students' attention in
2004 18 454 2 227 12.6 learning.
2005 17 1237 4 309.2* 18.2 Sukarno & 0,49 1 Students' metacognitive and
2006 16 270 2 135 8.4 Widdah, (Q2) digital literacy skills
2007 15 891 5 178.2 11.8 M.E. [30] increase in physics learning.
2008 14 869 5 173.8 12.4
2009 13 2282 7 326 25.1
2010 12 421 3 140.3 11.6




The ranking system of reputable journals based on
the subject or category of the related journal field is
also called quartiles [31]. From these results, it can
be seen that the topic of digital learning has the
highest citation 46, thus, research related to digital
learning in physics will have a lot of potentials, and
its novelty will be quite high. Digital learning tends
to take advantage of interactive learning applications
to increase student motivation and learning outcomes
[32].

3.6 Advantage and disadvantage of digital learning
to physics learning

Table 7. Discussion about digital learning

Discussion Digital Learning
Learning media that can be done digitally
Meaning without having to wait for internet access to

start.

e Some digital learning can be accessed
without internet

¢ Not tied to face-to-face or non-face-to-
face learning

e More towards the learning media

Can be used in various places, can trigger

students to think creatively and

innovatively

Can lead to dependence on digital tools so

that it can cause laziness in students

Characteristics

Advantage

Disadvantage

From table 7., broadly speaking, it can be
concluded that digital learning has advantages in
flexibility and types of media that utilize
sophisticated digital tools. While the disadvantages
have an impact on students' lifestyles which can
become dependent on digital learning media.

3.7 Analysis of the important role of interactive
learning in physics based on digital learning
research

Learning physics still tends to be difficult for most
students to understand. Physics learning needs to be
set more interactively for students. The use of
interactive learning media can be integrated using a
combination of video, graphics, text, and sound.
Digital learning by applying interactive virtual reality
can deepen students' understanding of physics
material. In addition, through good quality
worksheets in digital learning can be improved the
students' critical thinking skills in learning physics.
Practical activities can play an important role in
engaging students with the world of science,
especially when using digital tools. So, it can be
concluded that interactive learning can improve
student learning outcomes [33].

The majority of students in the 21st century is
proficient in advanced technology and are adaptable.
For example, the use of interactive modules is also
very important to apply because, according to

research [34], digital learning of physics with
interactive modules shows compatibility and a
positive impact. Since the last three years, the world
has been affected by the pandemic, so academic units
must also think about effective learning methods that
can still improve student achievement. Therefore,
interactive learning in physics is starting to be more
widely applied. One of them is by using interactive
multimedia, which is able to improve students'
understanding of concepts [35]. Interactive learning
plays an important role in deepening the concept of
physics and making the learning atmosphere more
interesting even through digital learning.

4, Conclusion

Research results analysis using bibliometric studies
and literature reviews related to digital learning
research get several conclusions. The conclusion is
that the trend of digital learning topics is increased
steadily, from 2014 to 2021. The most commonly
used keywords are digital age, and digital literacy.
The United States (US) has made the highest
contribution over the last thirty years on digital
learning. The author with the highest citation on
digital learning is M. Papastergiou from Greece. The
type of document that is often published by the author
is in the form of articles. The highest source titles
digital learning is the paper Computers and
Education. The highest average citation per paper per
year is in 2020 where digital learning (n=81,5). The
digital learning topics contribute to learning physics.
From the explanation above, the future research
related to digital learning in physics will have a lot of
potentials, and its novelty will be quite high. The
important role of interactive learning in physics is to
improve student learning outcomes, train critical
thinking skills, deepen understanding of concepts and
make learning more interesting. The advantages of
digital learning is in flexibility such as the learning
process can be carried out even though it is not face-
to-face, reducing learning hours and types of media
that utilize sophisticated digital tools. While the
disadvantages have an impact on students' lifestyles
which can become dependent on digital learning
media and because it’s using the internet network,
which requires costs and a strong signal because not
all areas have a strong network connection.

The implication of this research is to show the
trend of publication of digital learning topics so that
future researchers can show more benefits related to
these topics. With this article, researchers can find out
the strengths and weaknesses of digital learning topic
and can find updates for future research. The
limitation of the study is that some research results at
Scopus are limited to full access. More intensively,
further research can be carried out by comparing
other learning systems applied in physics learning.
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Abstract — The aim is to analyze top 100 highest
citations of digital learning research topic and the
important role of interactive learning in physics
learning in 1992-2021. This study uses bibliometric
analysis and literature review. The trend of digital
learning topics is increase steadily, from 2014 to 2021.
Digital learning shows an excellent contribution to
physics learning. The important role of interactive
learning in physics are to improve student learning
outcomes, deepen understanding and make learning
more interesting. More intensively, further research
can be carried out by comparing other learning
systems applied in physics learning.
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1. Introduction
Various kinds of learning system have been

applied according to surrounding conditions,

DOI: 10.18421/TEMxx-xX
https://doi.org/10.18421/TEMxx-XX

Corresponding author: Binar Kurnia Prahani, Universitas
Negeri Surabaya, Indonesia

Email: binarprahani@unesa.ac.id

Received: ----- .

Accepted: ----- .

Published: ----- .

© 2022.Binar Kurnia Prahani, Mila Candra
Pristianti, Budi Jatmiko, Tan Amelia, Firmanul Catur
Wibowo; published by UIKTEN. This work is licensed
under the Creative Commons Attribution-
NonCommercial-NoDerivs 4.0 License.

The article is published with Open Access at

https://www.temjournal.com/

the examples are digital learning. The development
of learning systems must pay attention to the ease of
adaptation and transformation [1],[2]. Learning
development can be done by combining
organizational learning theory and general systems
theory.

There are many impacts of the covid-19
pandemic, one of which is in the world of education.
One of the updates on October 10, 2021, the entire
country has reported 219 million cases with 4.55
million deaths [3]. With the danger that threatens,
many countries are trying to make learning
sustainable [4]. Efforts are made to organize healthy
learning during the covid-19 pandemic crisis [5]. The
covid-19 outbreak caused the closure of schools and
colleges, so that educational institutions designed
more flexible. Research conducted by Leonhard [6],
Neil [7], and David [8] concluded that during the
covid-19 pandemic, student responses showed good
acceptance of digital learning. Students accept and
adapt easily to digital technology during the covid-19
pandemic.

Physics learning is closely related to natural
phenomena and experimental activities. The flexible
of physics learning can be done use digital
technology or without it [9]. By learning physics
through digital learning students are challenged to be
more independent, must be easy to adapt and willing
to learn. However, there are shortcomings in the
implementation of digital learning, namely some
places have limited access to digital media, and
potential dependence on digital technology [10].
Mentoring and supervision by physics teachers will
determine the success of digital learning [11].

From existing studies, there is still no discussion
that show the contribution digital learning in physics
learning and important role of interactive learning in
physics. Some studies tend to discuss digital
learning, but to show the right data regarding the
analysis, bibliometric studies and literature reviews
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are needed. Bibliometric analysis is a method to
provide knowledge regarding the growth and flow of
literature in a particular publication field [12]. This
bibliometric study uses empirical data to track
existing publications [13]. This study can analyze the
distribution of manuscripts sorted by country, source,
year and more [14].

With an explanation of the importance digital
learning as well as the existing shortcomings, this
research was carried out. The aim is to analyze top
100 highest citations of digital learning research
topic, and the important role of interactive learning in
physics from 1992 to 2021. For analysis using

bibliometrics and also literature review. The
objective research include:
1. Analyze the trend of digital learning

publications from the last thirty years.

2. ldentify the most widely used keywords, the
country and author that contribute the most to
the publication of digital learning in last thirty
years.

3. ldentify document types and source titles for
digital learning from the last thirty years.

4. Identify the year wise distribution of the top 100
cited digital learning publications from the last
thirty years.

5. Identify the contribution digital learning in
physics learning over the last thirty years.

6. Identify the advantages and disadvantages of
digital learning.

7. Analyze the important
learning in physics.

role of interactive

2. Methods

This study uses bibliometric analysis and
literature review. The data used in this study were
taken from Scopus. Scopus is well-known for its
largest database of publications in various fields
including academics [15],[16]. Data from Scopus can
be adjusted according to the needs of the year, title,
country, keywords, and so on [17]. In addition, this
study uses a literature review from previous studies
as a reinforcement of research data.

Research data taken on April 1, 2022. The data in
Scopus is selected based on the keywords you want
to search for. In this study, the keyword selection
stage was carried out twice, the first regarding digital
learning. Furthermore, the second keyword are
connected with physics learning to find the
contribution of digital learning, formore details can
be seen in Figure 1. The data obtained in the form of
.csv which was then analyzed using Microsoft excel
and .ris which was analyzed using VOSViewer [18].
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Figure 1. Flowchart for the keyword filtering
3. Results and Discussion
3.1 Publication Trend in Last 30 Years

From Figure 2, we can see the trend of
publications related to digital learning. The trend of
publication is an important aspect to pay attention to
and follow up [19]. Considering that publications
must be in accordance with current conditions, which
mean the development of a topic is determined from
the trend of publications each year [20].
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Figure 2. Digital learning publication trends

The highest digital learning publication in 2021
with 1145 documents and the lowest in 1993 with 4
documents. Digital learning publications began to



increase steadily, from 2014 to 2021. The highest
increase occurred in 2021 as many as 273 documents
from 2020. The researchers tend to be interested in
raising the topic of digital learning [21]. This is in
line with the fact that the majority of education in the
world has used digital learning due to the emergence
of the Covid-19 pandemic [22]. So that research
related to digital learning has high potential for future
research.

3.2 Visualization of The Most Used Keywords, Top
Countries and Top Authors Who Contributed the
Most
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Figure 3. The keywords visualization of digital
learning

Figure 3shows the keyword visualization using
VOSViewer. Keywords can describe the subject
matter in a publication [23]. For digital learning
topics, the most commonly used keyword is "digital
age" which has 8 occurrences and "digital literacy"
has 6occurrences.

Table 1. Comparison of the top 10 countries with the
most publications in the last thirty years

Top 10 countries Publications
United States 1,359
United Kingdom 460
China 422
Germany 347
Australia 319
Taiwan 306
Spain 281
Indonesia 221
Canada 208
India 187
R P —
O Canada
ﬂ 208L 460 UK China
347 Germany i
Us 187 306 Taiwan

1

India 227
T

Indonesia

y

Australia

Figure 4. Top 10 Countries with publications about
digital learning

From Table 1 and Figure 4, it can be concluded
that the United States has the highest contribution
over the last thirty years both on the topic of digital
learning. There are five countries that consistently
occupy the top 10 on all publication topics related to
digital learning including the United States, China,
United Kingdom, Australia and Spain. To identify
the author who has the most publications on each
topic of digital learning, using VOS viewer and
Microsoft Excel analysis. The results of the
Microsoft Excel analysis are shown in Table 2.

Table 2. The top 10 author with the highest citations
in the last thirty years

Author Total Citations Country
M. Papastergiou 1,880 Greece
K. Kiili 1,978 Finland
C.M. Greenhow 2,509 United States
A.R. Janowczyk 1,269 United States
D.B. Clark 3,069 Canada
A. Madabhushi 14,845* United States
B. Gros 660 Spain
S. Erhel 429 France
A. Sadik 367 Egypt
B.Q. Huynh 590 United States

Table 2 shows the top 10 authors from the highest
citations for the topic of digital learning, M.
Papastergiou from Greece. Meanwhile, the highest
total citation was owned by A Madabhushi came
from the United States.To find out who the author on
the topic of digital learning is the most contributing
and connected is using VOSViewer. With
VOSViewer we can identify the classification of top
authors [24]. The grouping and connection of each
author is indicated by the presence of clusters [25].
The first result of the digital learning topic is divided
into 3 clusters, namely red (n=5), green (4), blue
(n=2). H. Beetham is the main author because he has
3 documents with 2 total link strength which is more
than any other author.

3.3The Document Types and Source Titles of Top
100 Highest Cited Publication in Last 30 Years

Table 3. The document types of top 100 highest cited
digital learning publication in last 30 years

Document Freqg- Cited | Mean Med- sD
Type uency ian
Article 81* 14206* | 175.3 125 160.8*
Conference 7 808 | 1154 | 95 47.2
paper
Review 4 810 202.5* | 209.5* | 96.6
Note 0 0 0 0 -
Book I 1011 144.4 129 63.1
Editorial 1 376 376 376 -




Table 3 shows on digital learning topic, the most
publications are in the form of articles (n=81).
Digital learning has the total cited is 14,206. The
standard deviation is quite high, namely digital
learning (n=160.8).

Table 4. The source titles of top 100 highest cited
publication in last 30 years

Source Title TD TC

Computers and Education 13 | 2983

Educational Technology and Society 4 415

Journal of Computer Assisted Learning 3 565

Journal of Research on Technology in 3 530

Education

Language and Learning in the Digital Age 3 468

Geoderma 3 386

ReCALL 3 325

Internet and Higher Education 2 1008

Rethinking Pedagogy for a Digital Age: 2 343
Designing and Delivering E-Learning

Learning, Media and Technology 2 264

TD = Total Documents TC = Total Citations

Table 4 shows the source titles of digital learning
are varied. For the highest source title digital learning
namely Computers and Education (n=13 documents).
The highest total citation is 2,983 namely source title
is Computers and Education.

3.4 The Year Wise Distribution of Top 100 Highest
Cited Publication in Last 30 Years

Table 5 contains information on the distribution of
the top 100 cited publications on the topics of digital
learning. The range of data used is from 1992 to
2021.

Table 5.The year wise distribution of top 100 highest
cited publication in last 30 years

Year Citable Digital Learning
Year TC | TD | ACPP_ | ACPPY

1992 30 0 0 0 0
1993 29 0 0 0 0
1994 28 0 0 0 0
1995 27 215 2 107.5 3.9
1996 26 0 0 0 0
1997 25 0 0 0 0
1998 24 0 0 0 0
1999 23 0 0 0 0
2000 22 0 0 0 0
2001 21 420 2 210 10
2002 20 0 0 0 0
2003 19 0 0 0 0
2004 18 454 2 227 12.6
2005 17 1237 4 309.2* 18.2
2006 16 270 2 135 8.4
2007 15 891 5 178.2 11.8
2008 14 869 5 173.8 12.4
2009 13 2282 7 326 25.1
2010 12 421 3 140.3 11.6
2011 11 932 7 133.1 121

Year Citable Digital Learning
Year TC | TD | ACPP | ACPPY
2012 10 1327 10 132.7 133
2013 9 1199 7 1713 19
2014 8 894 8 1117 13.9
2015 7 443 4 110.7 15.8
2016 6 2699* | 11* 245.4 40.9
2017 5 567 4 141.7 284
2018 4 881 6 146.8 36.7
2019 3 884 9 98.2 32.7
2020 2 326 2 163 81.5*
2021 1 0 0 0 0
*The Highest Number

This information can be used to see in what year
the top 100 cited publications were produced on the
topic. From this study it was found that the highest
year is 2016 (n=11 documents). In addition, from this
study it was found that the highest year is 2016
(n=2,699 citations). The highest average citation per
paper per year in 2020 is 81,5.

3.5 Literature Review of Digital Learning to Physics
Learning

Table 6contains the results of the literature review
by taking into account the quartiles, citations, and
findings to provide recommendations regarding the
selected paper.

Table 6. Top 5 highest cited paper showed
contribution of digital learning to physics learning

Author SJR | Citation | Findings

Anderson, J. | 1,03 46 Digital learning with game

L., & | (Q1) simulations has a positive

Barnett, M. impact on the learning

[26] outcomes of junior high
school students in physics
learning.

Sengupta, P., | 4,06 22 The results of the study

Krinks, K. | (Ql) show that the combination

D., & Clark, of using digital learning

D. B. [27] fosters student physics
learning motivation

Melo, M. | 0,54 4 The use of digital learning

[28] (Q2) 4C/ID model in physics
content to students has a
positive impact on learning
outcomes.

Euler, E., 0,34 1 Digital learning using the

Prytz,C., & | (Q3) Algodoo application gives

Gregorecic, students the opportunity to

B. [29] explore physics learning
materials for free and able to
attract students' attention in
learning

Sukarno & 0,49 1 Students' metacognitive and

Widdah, (Q2) digital literacy skills

M.E. [30] increase in physics learning.

The ranking system of reputable journals based on
the subject or category of the related journal field is




also called quartiles [31]. From these results, it can
be seen that the topic of digital learning has the
highest citation is 46, thus, research related to digital
learning in physics will have a lot of potentials, and
its novelty will be quite high. Digital learning tends
to take advantage of interactive learning applications
to increase student motivation and learning outcomes
[32].

3.6 Advantage and Disadvantage of Digital
Learning to Physics Learning

Table 7. Discussion about digital learning

Discussion Digital Learning
Learning media that can be done digitally
Meaning without having to wait for internet access to

start.

e Some digital learning can be accessed
without internet

» Not tied to face-to-face or non-face-to-
face learning

e More towards the learning media

Can be used in various places, can trigger

students to think creatively and

innovatively

Can lead to dependence on digital tools so

that it can cause laziness in students

Characteristics

Advantage

Disadvantage

Table 7 broadly speaking, it can be concluded that
digital learning has advantages in flexibility and
types of media that utilize sophisticated digital tools.
While the disadvantages have an impact on students'
lifestyles which can become dependent on digital
learning media. The digital learning is a learning
process that requires internet access, while digital
learning does not always require internet access.

3.7 Analyze the Important Role of Interactive
Learning in Physics Based on Digital Learning
Research

Learning physics still tends to be difficult for most
students to understand. Physics learning needs to be
set more interactively for students. The use of
interactive learning media can be integrated using a
combination of video, graphics, text, and sound.
Digital learning by applying interactive virtual reality
can deepen students' understanding of physics
material. In addition, through good quality
worksheets in digital learning can improve students'
critical thinking skills in learning physics. Practical
activities can play an important role in engaging
students with the world of science, especially when
using digital tools. So, it can be concluded that
interactive learning can improve student learning
outcomes [33].

The majority of students in the 21st century is
proficient in advanced technology and are adaptable.
For example, the use of interactive modules is also
very important to apply because, according to

research [34], digital learning of physics with
interactive modules shows compatibility and a
positive impact. Since the last three years, the world
has been affected by the pandemic, so academic units
must also think about effective learning methods that
can still improve student achievement. Therefore,
interactive learning in physics is starting to be more
widely applied. One of them is by using interactive
multimedia, which is able to improve students'
understanding of concepts [35]. Interactive learning
plays an important role in deepening the concept of
physics and making the learning atmosphere more
interesting even though digital learning.

4, Conclusion

Research results analysis using bibliometric studies
and literature reviews related to digital learning
research get several conclusions. The conclusion is
that the trend of digital learning topics is increase
steadily, from 2014 to 2021. The most commonly
used keywords are digital age, and digital literacy.
United States (US) has made the highest contribution
over the last thirty years on digital learning. The
author with the highest citation on digital learning is
M. Papastergiou from Greece. The type of document
that is often published in the article. The highest
source titles digital learning, namely Computers and
Education. The highest average citation per paper per
year is in 2020 where digital learning (n=81,5). The
digital learning topic contribute to learning physics.
From explanation above, the future research related to
digital learning in physics will have a lot of
potentials, and its novelty will be quite high. The
important role of interactive learning in physics is to
improve student learning outcomes, train critical
thinking skills, deepen understanding of concepts and
make learning more interesting. The advantages in
flexibility and types of media that utilize sophisticated
digital tools. While the disadvantages have an impact
on students' lifestyles which can become dependent
on digital learning media and because it’s using the
internet network, which requires costs and a strong
signal because not all areas have a strong network
connection.

The implication of this research is to show the
trend of publication of digital learning topics so that
future researchers can show more benefits related to
these topics. With this article, researchers can find out
the strengths and weaknesses of digital learning topic
and can find updates for future research. The
limitation of the study is that some research results at
Scopus are limited to full access. More intensively,
further research can be carried out by comparing
other learning systems applied in physics learning.



5. Acknowledgement

The author's gratitude goes to the Direktorat
Jenderal Pendidikan Tinggi, Riset, dan Teknologi;
Kementerian Pendidikan, Kebudayaan, Riset, dan
Teknologi, Indonesia who has supported funding in
Penelitian Dasar Unggulan Perguruan Tinggi -
DRTPM 2022 [Contract Number:
29551/UN38.9/LK.04.00/2022].

References

[1] Dias Canedo E., Aymoré Martins V., Coelho Ribeiro
V., dos Reis V.E., Carvalho Chaves L.A., Machado
Gravina R., Alberto Moreira Dias F., Lopes de
Mendonca F.L., Orozco A.L.S., Balaniuk R., de
Sousa R.T Jr. (2021). Development and Evaluation
of an Intelligence and Learning System in
Jurisprudence Text Mining in the Field of
Competition Defense. Applied Sciences, 11(23),
11365.https://doi.org/10.3390/app112311365

[2] Hsu, F. H., Lin, I. H., Yeh, H. C., & Chen, N. S.
(2022). Effect of Socratic Reflection Prompts via
video-based learning system on elementary school
students’ critical thinking skills. Computers &
Education, 183,

104497 .https://doi.org/10.1016/j.compedu.2022.1044
97

[3] Hassan, T. (2022). A global update on covid-19
pandemic: Vaccines and new variants. Pakistan
Journal of Medicine & Dentistry, 11(1), 89-
93.https://doi.org/10.36283/PJIMD11-1/015

[4] Donham, C., Barron, H. A., Alkhouri,J. S., Kumarath,
M. C., Alejandro, W., Menke, E., & Kranzfelder, P.
(2022). | will teach you here or there, | will try to
teach you anywhere: perceived supports and barriers
for emergency remote teaching during the COVID-
19 pandemic.International Journal of STEM
Education, 9(19), 1-
25.https://doi.org/10.1186/s40594-022-00341-3

[5] Temelli, D. (2022). Reflexes of international
organizations regarding education in the covid-19
pandemic process and comparing implementations in
turkey. Milli Egitim, 51(233), 887-
909.https://doi.org/10.37669/milliegitim.788444

[7] Olmes, G. L., Zimmermann, J. S. M., Stotz, L.,
Takacs, F. Z., Hamza, A., Radosa, M. P., Findeklee,
S., Solomayer, E. F..&Radosa, J. C. (2021).
Students’ attitudes toward digital learning during the
covid-19 pandemic: a survey conducted following an
online course in gynecology and obstetrics. Archives
of Gynecology and Obstetrics, 304(4), 957-
963.https://doi.org/10.1007/s00404-021-06131-6

[8] Guppy, N., Verpoorten, D., Boud, D., Lin, L., Tai. J.,
& Bartolic, S. (2022). The post-COVID-19 future
of digital learning in higher education: Views from
educators, students, and other professionals in six
countries.  British  Journal of  Educational
Technology, 1(2), 1-
22.https://doi.org/10.1111/bjet.13212

[9] Adde, D., Amponsah, S., & Gborti, B. J. (2022).

Covid-19 pandemic and the shift to digital learning:
experiences of students in a community college in
ghana. Community College Journal of Research and
Practice, 46(1), 101-
112.https://doi.org/10.1080/10668926.2021.1972364

[10] Poluakan, C., & Katuuk, D. (2021). PIMCA: a new
alternativesto physics learning model.  Journal  of
Physics: Conference Series, 2165, 1-
6.https://doi.org/10.1088/1742-6596/2165/1/012013

[11] Ivanec, T. P. (2022). The lack of academic social
interactions and students' learning difficulties during
covid-19 faculty lockdowns in Croatia: the mediating
role of the perceived sense of life disruption caused
by the pandemic and the adjustment to online
studying. Journal Social Science, 11(42), 1-
11.https://doi.org/10.3390/socscil1020042

[12] Vieyra, R., & Himmelsbach, J. (2022). Teachers’
disciplinary boundedness in the implementation of
integrated computational modeling in physics.
Journal of Science Education and Technology, 31(2),
153-165.https://doi.org/10.1007/s10956-021-09938-9

[13] Dewantara, D., Sofianto, E. W. N., Misbah,
&Munawaroh, D. (2021). Physics e-module: A
review and bibliometric analysis. Journal of Physics:
Conference Series, 2104, 1-
7.https://doi.org/10.1088/1742-6596/2104/1/012008

[14] Mustapha, 1., Van, N. T., Shahverdi, M., Qureshi, M.
I, & Khan, N. (2021). Effectiveness of digital
technology in education during covid-19 pandemic. a
bibliometric analysis. International Journal of
Interactive Mobile Technologies, 15(8), 136-
154.https://doi.org/10.3991/ijim.v15i08.20415

[15] Wang, J., Shen, L.& Zhou, W. (2021). A
bibliometric analysis of quantum computing
literature:  mapping and  evidences  from
Scopus.Technology ~ Analysis and  Strategic
Management, 33(11), 1347-
1363.https://doi.org/10.1080/09537325.2021.196342
9

[16] Kamaruzzaman, W. M., Nasir, N., Hamidi, N. A,
Yusof, N., Shaifudin, M. S., Suhaimi, A. M. A. A.
M., Badruddin, M. A., Adnan, A., Nik, W. M. N. W.,
& Ghazali, M. S. M. (2022). 25 years of progress on
plants as corrosion inhibitors through a bibliometric
analysis using the Scopus database (1995-2020).
Arabian  Journal of Chemistry, 15(4), 4-
19.https://doi.org/10.1016/j.arabjc.2021.103655

[17] Kulkanjanapiban, P., & Silwattananusarn T. (2022).
Comparative analysis of Dimensions and Scopus
bibliographic data sources: An approach to university
research productivity. International Journal of
Electrical and Computer Engineering, 12(1) 706-
720.https://doi.org/10.11591/ijece.v12il.pp706-720

[18] Putri, C. R., Soleh, S. M., Saregar, A., Anugrah,
A.,&Susilowati, N. E. (2021). Bibliometric analysis:
Augmented reality-based physics laboratory with
VOSviewer software. Journal of Physics:
Conference Series, 1796, 1-
12.https://doi.org/10.1088/1742-6596/1796/1/012056

[19] Nishioka, C., & Farber, M. (2020). Trends of
publications' citations and altmetrics based on open
access types. Proceedings of the ACM/IEEE Joint
Conference on Digital Libraries, 503-


https://doi.org/10.3390/app112311365
https://doi.org/10.1016/j.compedu.2022.104497
https://doi.org/10.1016/j.compedu.2022.104497
https://doi.org/10.36283/PJMD11-1/015
https://doi.org/10.1186/s40594-022-00341-3
https://doi.org/10.37669/milliegitim.788444
https://doi.org/10.1007/s00404-021-06131-6
https://doi.org/10.1111/bjet.13212
https://doi.org/10.1080/10668926.2021.1972364
https://doi.org/10.1088/1742-6596/2165/1/012013
https://doi.org/10.3390/socsci11020042
https://doi.org/10.1007/s10956-021-09938-9
https://doi.org/10.1088/1742-6596/2104/1/012008
https://doi.org/10.3991/ijim.v15i08.20415
https://doi.org/10.1080/09537325.2021.1963429
https://doi.org/10.1080/09537325.2021.1963429
https://doi.org/10.1016/j.arabjc.2021.103655
https://doi.org/10.11591/ijece.v12i1.pp706-720
https://doi.org/10.1088/1742-6596/1796/1/012056

504.https://doi.org/10.1145/3383583.3398584

[20] Soehartono, A. M., Yu, L. G., & Khor, K. A. (2022).
Essential signals in  publication trends and
collaboration patterns in global Research Integrity
and Research Ethics (RIRE). Scientometrics, 1-
11.https://doi.org/10.1007/s11192-022-04400-y

[21] Sousa, M. J., & Rocha, A. (2018). Special section on
“emerging trends and challenges in digital learning”.
Universal Access in the Information Society, 17(4),
675-677.https://doi.org/10.1007/s10209-017-0572-6

[22] Zhao, L., Cao, C., Li, Y., & Li, Y. (2022).
Determinants of the digital outcome divide in e-
learning between rural and urban students: empirical
evidence from the covid-19 pandemic based on
capital theory. Computers in Human
Behavior,130(1), 1-
15.https://doi.org/10.1016/j.chb.2021.107177

[23] Ali, J., Jusoh, A., Idris, N., Abbas, A. F., & Alsharif,
A. H. (2021). Nine years of mobile healthcare

research:  a bibliometric analysis. International
Journal of online and biomedical engineering,
17(10), 144-

159.https://doi.org/10.3991/ijoe.v17i10.25243

[24] Effendi, D. N., Irwandani, Anggraini, W., Jatmiko,
A., Rahmayanti, H., Ichsan, I. Z., & Rahman, M. M.
(2021). Bibliometric analysis of scientific literacy
using VOS viewer: Analysis of science education.
Journal of Physics: Conference Series, 1796, 1-
10.https://doi.org/10.1088/1742-6596/1796/1/012096

[25] Pristianti, M. C. (2022). Top 100 cited research of
confirmatory factor analysis (CFA) in education from
2012 to 2021. International Journal of Current
Educational Research, 1(2), 68-
83.https://doi.org/10.53621/ijocer.v1i1.140

[26] Anderson, J. L., & Barnett, M. (2013). Learning
physics with digital game simulations in middle
school science. Journal of Science Education and
Technology, 22(6), 914-
926.https://doi.org/10.1007/s10956-013-9438-8

[27] Sengupta, P.,Krinks, K. D., & Clark, D. B. (2015).
Learning to deflect: conceptual change
in physics during digital gameplay. Journal of the
Learning Sciences, 24(4), 638-
674.http://dx.doi.org/10.1080/10508406.2015.10829
12

[28] Melo M. The

(2018). 4C/ID-model

in physics education:  Instructional ~ design  of
a digital learning environment to teach electrical
circuits. International Journal of Instruction, 11(1),
103-122.https://doi.org/10.12973/iji.2018.1118a

[29] Euler, E., Prytz, C., & Gregorcic, B. (2020). Never far
from shore: Productive patterns in physics students'
use of the digital learning environment Algodoo.
Physics Education, 55(4), 1-
8.https://doi.org/10.1088/1361-6552/ab83e7

[30] Sukarno & Widdah, M.E. (2020). The effect of
students’ metacognition and digital literacy in virtual
lectures during the covid-19 pandemic on
achievement in the “methods and strategies
on physics learning” course. Jurnal Pendidikan IPA
Indonesia, 9(4), 477-
488.https://doi.org/10.15294/jpii.v9i4.25332

[31] Arianto, M. A. & Basthomi, Y. (2021).The authors'
research gap strategies in elt research article
introductions: does Scopus journal quartile matter?.
Journal of Language and Linguistic Studies, 17(4),
1743-1759.https://doi.org/10.52462/jl1s.127

[32] Engerman, J. A., & Otto, R. F. (2021). The shift to
digital: designing for learning from a culturally
relevant interactive media perspective. Educational
Technology Research and Development, 69(1), 301-
305.https://doi.org/10.1007/s11423-020-09889-9

[33] Balaton, M., Cavadas, J., Carvalho, P. S., & Lima, J.
J. G. (2021).Programming ozobots for teaching
astronomy.  Physics  Education, 56(4), 1-
8.https://doi.org/10.1088/1361-6552/abfb44

[34] Wongsuwan, W., Huntula, J.,&Liu, C. C. (2022).The
interactive computer simulation and learning activity
for facilitating students' conceptual understanding on
the buoyant force through the CoSci learning
platform. Journal of Physics: Conference Series,
2145, 1-6.https://doi.org/10.1088/1742-
6596/2145/1/012075

[35] Susilowati, N. E., Samsudin, A., & Muslim.
(2021).What do physics teachers need? A need
analysis of interactive multimedia to train creative
thinking in static fluid. Journal of Physics:
Conference Series, 2098, 1-
6.https://doi.org/10.1088/1742-6596/2098/1/012029


https://doi.org/10.1145/3383583.3398584
https://doi.org/10.1007/s11192-022-04400-y
https://doi.org/10.1007/s10209-017-0572-6
https://doi.org/10.1016/j.chb.2021.107177
https://doi.org/10.3991/ijoe.v17i10.25243
https://doi.org/10.1088/1742-6596/1796/1/012096
https://doi.org/10.53621/ijocer.v1i1.140
https://doi.org/10.1007/s10956-013-9438-8
http://dx.doi.org/10.1080/10508406.2015.1082912
http://dx.doi.org/10.1080/10508406.2015.1082912
https://doi.org/10.12973/iji.2018.1118a
https://doi.org/10.1088/1361-6552/ab83e7
https://doi.org/10.15294/jpii.v9i4.25332
https://doi.org/10.52462/jlls.127
https://doi.org/10.1007/s11423-020-09889-9
https://doi.org/10.1088/1361-6552/abfb44
https://doi.org/10.1088/1742-6596/2145/1/012075
https://doi.org/10.1088/1742-6596/2145/1/012075
https://doi.org/10.1088/1742-6596/2098/1/012029

Digital Learning Research in Fthe Last 30
Years: Important Role of Interactive
Learning in Physics

Binar Kurnia Prahanit, Mila Candra Pristianti!, Budi Jatmiko?, Tan Amelia?, Firmanul
Catur Wibowo?

Universitas Negeri Surabaya, Surabaya, Indonesia
2Universitas Dinamika,Surabaya, Indonesia
3 Universitas Negeri Jakarta,Jakarta, Indonesia
binarprahani@unesa.ac.id

Abstract — The aim is to analyze top 100 highest
citations of digital learning research topics and the
important role of interactive learning in physics
learning—in 1992-2021. This study uses bibliometric
analysis and literature review. The trend of digital
learning topics is increasinge steadily, from 2014 to
2021. Digital learning shows an excellent contribution
to physics learning. The important role of interactive
learning in physics isare to improve student learning
outcomes, deepen understanding and make learning
more interesting. More intensively, further research
can be carried out by comparing other learning
systems applied in physics learning.

Keywords —  Bhibliometric,
Eeducation, Pphysics Llearning
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1. Introduction
Various kinds of learning systems have been

applied according to surrounding conditions,
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the examples isare digital learning. The development
of learning systems must pay attention to the ease of
adaptation and transformation [1], [2]. Learning
development can be done by combining
organizational learning theory and general systems
theory.

There are many impacts of the covid-19
pandemic, one of which is in the world of education.
One of the updates on October 10, 2021, the entire
country has reported 219 million cases with 4.55
million deaths [3]. With the danger that threatens,
many countries are trying to make learning
sustainable [4]. Efforts are made to organize healthy
learning during the covid-19 pandemic crisis [5]. The
covid-19 outbreak caused the closure of schools and
colleges, so that educational institutions designed
more flexible. Research conducted by Leonhard [6],
Neil [7], and David [8] concluded that during the
covid-19 pandemic, student responses showed good
acceptance of digital learning. Students accepted and
adapted easily to digital technology during the covid-
19 pandemic.

Physics learning is closely related to natural
phenomena and experimental activities. The
flexibilityle of physics learning can be done usinge
digital technology or without it [9]. By learning
physics through digital learning students are
challenged to be more independent, must-be easily-to
adapt and be willing to learn. However, there are
shortcomings in the implementation of digital
learning, namely some places have limited access to
digital media; and potential dependence on digital
technology [10]. Mentoring and supervision by
physics teachers will determine the success of digital
learning [11].

From the existing studies, there is still no
discussion that shows the contribution of digital
learning in physics learning and the important role of
interactive learning in physics. Some studies tend to
discuss digital learning, but to show the right data
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regarding the analysis, bibliometric studies and

literature reviews are needed. Bibliometric analysis is

a method to provide knowledge regarding the growth

and flow of literature in a particular publication field

[12]. This bibliometric study uses empirical data to

track existing publications [13]. This study can

analyze the distribution of manuscripts sorted by

country, source, year and more [14].

This research was carried out Wwith an
explanation of the importance of digital learning as
well as the existing shortcomings;—this—research-was
carried—out. The aim is to analyze top 100 highest
citations of digital learning research topics, and the
important role of interactive learning in physics from
1992 to 2021. For analysis are usedirg bibliometrics
and also literature review. The objective research
included:

1. Analysisze of the trend of digital learning
publications from the last thirty years.

2. ldentifying the most widely used keywords, the
country and author that contribute the most to
the publication of digital learning in the last
thirty years.

3. ldentifying document types and source titles for
digital learning from the last thirty years.

4. ldentifying the year wise distribution of the top
100 cited digital learning publications from the
last thirty years.

5. ldentifying the contribution of digital learning in
physics learning over the last thirty years.

6. ldentifying the advantages and disadvantages of
digital learning.

7. Analysisze of the important role of interactive
learning in physics.

2. Methods

This study uses bibliometric analysis and
literature review. The data used in this study were
taken from Scopus. Scopus is well-known for its
largest database of publications in various fields
including academics [15], [16]. Data from Scopus
can be adjusted according to the needs of the year,
title, country, keywords, and so on [17]. In addition,
this study uses a literature review from previous
studies as a reinforcement of research data.

Research data was taken on April 1, 2022. The
data in Scopus is selected based on the keywords you
want to search for. In this study, the keyword
selection stage was carried out twice, the first
regarding digital learning. Furthermore, the second
keywords are connected with physics learning to find
the contribution of digital learning, fermore details
can be seen in Figure 1. The data was obtained in the
form of .csv which was then analyzed using
Microsoft excel and .ris which was analyzed using
VOSViewer [18].

b

[ Defining Keywords ]

First Filtering Second Filtering

Title (digital
AND learning
AND physics
AND learning)

Title (digital
AND learning)

Shorted top 100
cited from 1992
to 2021

Shorted in all
years by higest
cited

6249 documents 37 documents

[ Results and Discussion ]

[ Conclude ]

Figure 1. Flowchart for the keyword filtering
3. Results and Bdiscussion
3.1 Publication Ftrend in the Llast 30 ¥years

From Figure 2., we can see the trend of
publications related to digital learning. The trend of
publication is an important aspect to pay attention to
and follow up [19]. Considering that publications
must be in accordance with current conditions, which
mean the development of a topic is determined from
the trend of publications each year [20].
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Figure 2. Digital learning publication trends



The highest digital learning publication was in
2021 with 1145 documents and the lowest in 1993
with 4 documents. Digital learning publications
began to increase steadily, from 2014 to 2021. The
highest increase occurred in 2021 with as many as
273 documents from 2020. The researchers tend to
be interested in raising the topic of digital learning
[21]. This is in line with the fact that the majority of
education in the world has used digital learning due
to the emergence of the Covid-19 pandemic [22]. So
that research related to digital learning has high
potential for future research.

3.2 Visualization of Fthe Mmost Yused Kkeywords,
Fiop Ccountries and Fiop Aauthors Wwho
Ccontributed the Mmost
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Figure 3. The keywords visualization of digital
learning

Figure 3. shows the keyword visualization using
VOSViewer. Keywords can describe the subject
matter in a publication [23]. For digital learning
topics, the most commonly used keyword is "digital
age" which has 8 occurrences and "digital literacy"
has 6_occurrences.

Table 1. Comparison of the top 10 countries with the
most publications in the last thirty years

Top 10 countries Publications

United States 1,359
United Kingdom 460
China 422
Germany 347
Australia 319
Taiwan 306
Spain 281
Indonesia 221
Canada 208
India 187

460 UK "
347 Germany CIRE
281 Spain

187 306 Taiwan
)
India 251
Indonesia
319

t

Australia

Figure 4. Top 10 Countries with publications about
digital learning
From Table 1. and Figure 4., it can be concluded
that the United States has the highest contribution
over the last thirty years both on the topic of digital
learning. There are five countries that consistently
occupy the top 10 on all publication topics related to
digital learning including the United States, China,
United Kingdom, Australia and Spain. To identify
the author who has the most publications on each
topic of digital learning, we were using VOS viewer
and Microsoft Excel analysis. The results of the
Microsoft Excel analysis are shown in Table 2.

Table 2. The top 10 author with the highest citations
in the last thirty years

Author Total Citations Country
M. Papastergiou 1,880 Greece
K. Kiili 1,978 Finland
C.M. Greenhow 2,509 United States
A.R. Janowczyk 1,269 United States
D.B. Clark 3,069 Canada
A. Madabhushi 14,845* United States
B. Gros 660 Spain
S. Erhel 429 France
A. Sadik 367 Egypt
B.Q. Huynh 590 United States

Table 2. shows the top 10 authors from the highest
citations for the topic of digital learning, M.
Papastergiou from Greece. Meanwhile, the highest
total citation was owned by A. Madabhushi—came
from the United States. To find out who the author
on the topic of digital learning is the most
contributing and connected is using VOSViewer.
With VOSViewer we can identify the classification
of top authors [24]. The grouping and connection of
each author is indicated by the presence of clusters
[25]. The first results of the digital learning topic
areis divided into 3 clusters, namely red (n=5), green
(4), blue (n=2). H. Beetham is the main author
because he has 3 documents with 2 total links
strength which is more than any other author.

3.3_The Bdocument Ftypes and Ssource Ftitles of
Ftop 100 Hhighest Scited Ppublications in the Elast
30 Yyears

Table 3. The document types of top 100 highest cited
digital learning publication in the last 30 years

Document Freg- Cited | Mean Med- sD
Type uency ian
Article 81* 14206* | 175.3 125 160.8*
Conference 7 808 | 1154 | 95 472
paper
Review 4 810 202.5* | 209.5* 96.6
Note 0 0 0 0 -




Document Freg- Cited | Mean Med_ D Year Citable Digital Learning
Type uency ian Year TC TD | ACPP_ [ ACPPY
Book 7 1011 | 1444 | 129 631 2005 17 1237 4 309.2* 18.2
Editorial 1 376 376 376 - 2006 16 270 2 135 8.4
2007 15 891 5 178.2 11.8
Table 3. shows-en digital learning topics,the most ;883 ig 526892 3 1375’68 ;é‘ll
of the publications are in the form of articles (n=81). 5519 IR 221 3 1403 116
Digital learning has been the—tetaltotally cited—is [ 2011 11 932 7 133.1 121
14,206. The standard deviation is quite high, namely | 2012 10 1327 10 132.7 133
digital learning (n=160.8). 2013 9 1199 7 171.3 19
2014 8 894 8 1117 13.9
Table 4. The source titles of top 100 highest cited 2812 ; 2333* 1‘1‘* ;ig'z ig'g
publication in the last 30 years o017 z =57 7 L7 8.4
Source Title D[ TC 2018 4 881 6 146.8 36.7
Computers and Education 13 | 2983 2019 3 884 9 98.2 32.7
Educational Technology and Society 4 415 2020 2 326 2 163 81.5*
Journal of Computer Assisted Learning 3 565 2021 1 0 0 0 0
Journal of Research on Technology in *The Highest Number
Education 8 530
Language and Learning in the Digital Age 3 | 468 This information can be used to see in what year
?Q?Cdit": g ggg the top 100 cited publications were produced on the
Internet and Higher Education > 1 1008 tOpIC: From this study it was found tr_\e_it the hlghe_st
Rethinking Pedagogy for a Digital Age: 5 | aaz | Ve |s'2016 (n=11 documents). I_n addition, fr_om this
Designing and Delivering E-Learning study it was found that the highest year is 2016
Learning, Media and Technology 2 | 264 | (n=2,699 citations). The highest average citation per

TD = Total Documents TC = Total Citations

Table 4. shows that the source titles of digital
learning are varied. For the highest source title digital
learning namely Computers and Education (n=13
documents). The highest total citation is 2,983
namely source title is Computers and Education.

3.4 The Yyear Wwise Bdistribution of Ftop 100
Hhighest Ccited Ppublications in the Llast 30
Yyears

Table 5. contains information on the distribution of
the top 100 cited publications on the topics of digital

paper per year in 2020 is 81,5.

3.5 Literature Rreview of Bdigital Llearning to
Pphysics Llearning

Table 6. contains the results of the literature review
by taking into account the quartiles, citations, and
findings to provide recommendations regarding the
selected paper.

Table 6. Top 5 highest cited paper showinged
contribution of digital learning to physics learning

learning. The range of data used is from 1992 to [Author SJR | Citation | Findings ____
2021 Anderson, J. | 1,03 46 D_|g|tal _Iearnmg with game
' L., & | (Q1) simulations has a positive
Barnett, M. impact on the learning
Table 5. The year wise distribution of top 100 highest | [26] outcomes of junior high
cited publications in the last 30 years fchot_)l students in physics
earning.
Year | Citable Digital Learning Sengupta, P., | 4,06 22 The results of the study
Year TC TD ACPP ACPPY Krinks, K. | (Q1) show that the combination
1992 30 0 0 0 0 D., & Clark, of using digital learning
1993 29 0 0 0 0 D. B. [27] fosters student physics
1994 28 0 0 0 0 learning motivation.
Melo, M. | 0,54 4 The use of digital learning
1995 z 215 | 2 107.5 3.9 [28] @2) 4C/ID model in physics
1996 26 0 0 0 0 content to students has a
1997 25 0 0 0 0 positive impact on learning
1998 24 0 0 0 0 outcomes.
1999 23 0 0 0 0 Euler, E., 0,34 1 Digital learning using the
2000 22 0 0 0 0 Prytz, C., & (Q3) Algodoo application gives
2001 21 420 2 210 10 Gregorcic, students the opportunity to
2002 20 0 0 0 0 B. [29] explore physics learning
2003 19 0 0 0 0 materials for free and _able_: to
2004 18 252 2 227 6 attract students' attention in
- learning.




Author SJR | Citation | Findings

Sukarno & 0,49 1 Students' metacognitive and
Widdah, (Q2) digital literacy skills

M.E. [30] increase in physics learning.

The ranking system of reputable journals based on
the subject or category of the related journal field is
also called quartiles [31]. From these results, it can
be seen that the topic of digital learning has the
highest citation-is 46, thus, research related to digital
learning in physics will have a lot of potentials, and
its novelty will be quite high. Digital learning tends
to take advantage of interactive learning applications
to increase student motivation and learning outcomes
[32].

3.6 Advantage and Bdisadvantage of Bdigital
Llearning to Pphysics Llearning

Table 7. Discussion about digital learning

Discussion Digital Learning
Learning media that can be done digitally
Meaning without having to wait for internet access to

start.

« Some digital learning can be accessed
without internet

Characteristics | o Not tied to face-to-face or non-face-to-
face learning

* More towards the learning media

Can be used in various places, can trigger

students to think creatively and

innovatively

Can lead to dependence on digital tools so

that it can cause laziness in students

Advantage

Disadvantage

From Ttable 7., broadly speaking, it can be
concluded that digital learning has advantages in
flexibility and types of media that utilize
sophisticated digital tools. While the disadvantages
have an impact on students' lifestyles which can
become dependent on digital learning media. The
digital learning is a learning process that requires
internet access, while digital learning does not
always require internet access.

3.7 Analysisze of the timportant Rrole of
tinteractive Llearning in Pphysics Bbased on
Bdigital Llearning Rresearch

Learning physics still tends to be difficult for most
students to understand. Physics learning needs to be
set more interactively for students. The use of
interactive learning media can be integrated using a
combination of video, graphics, text, and sound.
Digital learning by applying interactive virtual reality
can deepen students' understanding of physics
material. In addition, through good quality
worksheets in digital learning can be improved the
students' critical thinking skills in learning physics.
Practical activities can play an important role in

engaging students with the world of science,
especially when using digital tools. So, it can be
concluded that interactive learning can improve
student learning outcomes [33].

The majority of students in the 21st century is
proficient in advanced technology and are adaptable.
For example, the use of interactive modules is also
very important to apply because, according to
research [34], digital learning of physics with
interactive modules shows compatibility and a
positive impact. Since the last three years, the world
has been affected by the pandemic, so academic units
must also think about effective learning methods that
can still improve student achievement. Therefore,
interactive learning in physics is starting to be more
widely applied. One of them is by using interactive
multimedia, which is able to improve students'
understanding of concepts [35]. Interactive learning
plays an important role in deepening the concept of
physics and making the learning atmosphere more
interesting even through digital learning.

4, Conclusion

Research results analysis using bibliometric studies
and literature reviews related to digital learning
research get several conclusions. The conclusion is
that the trend of digital learning topics is increased
steadily, from 2014 to 2021. The most commonly
used keywords are digital age, and digital literacy.
The United States (US) has made the highest
contribution over the last thirty years on digital
learning. The author with the highest citation on
digital learning is M. Papastergiou from Greece. The
type of document that is often published in the article.
The highest source titles digital learning—rarmely is
the paper Computers and Education. The highest
average citation per paper per year is in 2020 where
digital learning (n=81,5). The digital learning topics
contribute to learning physics. From the explanation
above, the future research related to digital learning in
physics will have a lot of potentials, and its novelty
will be quite high. The important role of interactive
learning in physics is to improve student learning
outcomes, train critical thinking skills, deepen
understanding of concepts and make learning more
interesting. The advantages in flexibility and types of
media that utilize sophisticated digital tools. While
the disadvantages have an impact on students'
lifestyles which can become dependent on digital
learning media and because it’s using the internet
network, which requires costs and a strong signal
because not all areas have a strong network
connection.

The implication of this research is to show the
trend of publication of digital learning topics so that
future researchers can show more benefits related to
these topics. With this article, researchers can find out
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the strengths and weaknesses of digital learning topic
and can find updates for future research. The
limitation of the study is that some research results at
Scopus are limited to full access. More intensively,
further research can be carried out by comparing
other learning systems applied in physics learning.
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Abstract — The aim is to analyze top 100 highest
citations of digital learning research topics and the
important role of interactive learning in physics in
1992-2021. This study uses bibliometric analysis and
literature review. The trend of digital learning topics is
increasing steadily, from 2014 to 2021. Digital learning
shows an excellent contribution to physics learning.
The important role of interactive learning in physics is
to improve student learning outcomes, deepen
understanding and make learning more interesting.
More intensively, further research can be carried out
by comparing other learning systems applied in physics
learning.

Keywords — bibliometric, digital learning, education,
physics learning

1. Introduction
Various kinds of learning systems have been

applied according to surrounding conditions,
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the example is digital learning. The development of
learning systems must pay attention to the ease of
adaptation and transformation [1], [2]. Learning
development can be done by combining
organizational learning theory and general systems
theory.

There are many impacts of the covid-19
pandemic, one of which is in the world of education.
One of the updates on October 10, 2021, the entire
country has reported 219 million cases with 4.55
million deaths [3]. NVith the danger that threatens,
many countries are trying to make learning
sustainable [4]. Efforts are made to organize healthy
learning during the covid-19 pandemic crisis [5]. The
covid-19 outbreak caused the closure of schools and
colleges, so fthat educational institutions designed
more flexible, Research conducted by Leonhard [6],
Neil [7], and David [8] concluded that during the
covid-19 pandemic, student responses showed good
acceptance of digital learning. Students accepted and
adapted easily to digital technology during the covid-
19 pandemic.

Physics learning is closely related to natural
phenomena and experimental activities. The
flexibility of physics learning can be done using
digital technology or without it [9]. By learning
physics through digital learning students are
challenged to be more independent, must easily adapt
and be willing to learn. However, there are
shortcomings in the implementation of digital
learning, namely some places have limited access to
digital media and potential dependence on digital
technology [10]. Mentoring and supervision by
physics teachers will determine the success of digital
learning [11].

From the existing studies, there is still no
discussion that shows the contribution of digital
learning in physics learning and the important role of
interactive learning in physics. Some studies tend to
discuss digital learning, but to show the right data
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regarding the analysis, bibliometric studies and

literature reviews are needed. Bibliometric analysis is

a method to provide knowledge regarding the growth

and flow of literature in a particular publication field

[12]. This bibliometric study uses empirical data to

track existing publications [13]. This study can

analyze the distribution of manuscripts sorted by

country, source, year and more [14].

This research was carried out with an explanation
of the importance of digital learning as well as the
existing shortcomings. The aim is to analyze top 100
highest citations of digital learning research topics,
and the important role of interactive learning in
physics from 1992 to 2021. For analysis are used
bibliometrics and also literature review. The
objective research included:

1. Analysis of the trend of digital
publications from the last thirty years.

2. ldentifying the most widely used keywords, the
country and author that contribute the most to
the publication of digital learning in the last
thirty years.

3. ldentifying document types and source titles for
digital learning from the last thirty years.

4. ldentifying the year wise distribution of the top
100 cited digital learning publications from the
last thirty years.

5. ldentifying the contribution of digital learning in
physics learning over the last thirty years.

6. Identifying the advantages and disadvantages of
digital learning.

7. Analysis of the important role of interactive
learning in physics.

learning

2. Methods

This study uses bibliometric analysis and
literature review. The data used in this study were
taken from Scopus. Scopus is well-known for its
largest database of publications in various fields
including lcademics ElS], [16]. Data from Scopus
can be adjusted according to the needs of the year,
title, country, keywords, and so on [17]. In addition,
this study uses a literature review from previous
studies as a reinforcement of research data.

Research data was taken on April 1, 2022. The
data in Scopus is selected based on the keywords you
want to search for. In this study, the keyword
selection stage was carried out twice, the first
regarding digital learning. Furthermore, the second
keywords are connected with physics learning to find
the contribution of digital learning, more details can
be seen in Figure 1. The data was obtained in the
form of .csv which was then analyzed using
Microsoft excel and .ris which was analyzed using
VOSViewer [18].

b

Defining Keywords

Second Filtering

First Filtering

Title (digital
AND learning
AND physics
AND learning)

Title (digital
AND learning)

Shorted in all
years by higest
cited

Shorted top 100
cited from 1992
to 2021

37 documents

6249 documents

[ Results and Discussion ]

[ Conclude ]

Figure 1. Flowchart for the keyword filtering
3. Results and discussion
3.1 Publication trend in the last 30 years

From Figure 2., we can see the trend of
publications related to digital learning. The trend of
publication is an important aspect to pay attention to
and follow up [19]. Considering that publications
must be in accordance with current conditions, which
mean the development of a topic is determined from
the trend of publications each year [20].

Digital Learning

1400
1200
1000
800
600
400
200

Figure 2. Digital learning publication trends
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The highest digital learning publication was in
2021 with 1145 documents and the lowest in 1993
with 4 documents. Digital learning publications
began to increase steadily, from 2014 to 2021. The
highest increase occurred in 2021 with as many as
273 documents from 2020. The researchers tend to
be interested in raising the topic of digital learning
[21]. This is in line with the fact that the majority of
education in the world has used digital learning due
to the emergence of the Covid-19 pandemic [22]. So
that research related to digital learning has high
potential for future research.

3.2 Visualization of the most used keywords, top
countries and top authors who contributed the most

b e
it
iy " G gk 1

Figure 3. The keywords visualization of digital
learning

Figure 3. shows the keyword visualization using
VOSViewer. Keywords can describe the subject
matter in a publication [23]. For digital learning
topics, the most commonly used keyword is "digital
age" which has 8 occurrences and "digital literacy"
has 6 occurrences.

Table 1. Comparison of the top 10 countries with the
most publications in the last thirty years

Top 10 countries Publications
United States 1,359
United Kingdom 460
China 422
Germany 347
Australia 319
Taiwan 306
Spain 281
Indonesia 221
Canada 208
India 187

hi
347 Germany Chos
281 Spain .
¢ 422
187 306 Taiwan
India 299

esia
319

Australia

Figure 4. Top 10 Countries with publications about
digital learning

From Table 1. and Figure 4., it can be concluded
that the United States has the highest contribution
over the last thirty years both on the topic of digital
learning. There are five countries that consistently
occupy the top 10 on all publication topics related to
digital learning including the United States, China,
United Kingdom, Australia and Spain. To identify
the author who has the most publications on each
topic of digital learning, we were using VOS viewer
and Microsoft Excel analysis. The results of the
Microsoft Excel analysis are shown in Table 2.

Table 2. The top 10 author with the highest citations
in the last thirty years

Author Total Citations Country
M. Papastergiou 1,880 Greece
K. Kiili 1,978 Finland
C.M. Greenhow 2,509 United States
A.R. Janowczyk 1,269 United States
D.B. Clark 3,069 Canada
A. Madabhushi 14,845* United States
B. Gros 660 Spain
S. Erhel 429 France
A. Sadik 367 Egypt
B.Q. Huynh 590 United States

Table 2. shows the top 10 authors from the highest
citations for the topic of digital learning, M.
Papastergiou from Greece. Meanwhile, the highest
total citation was owned by A. Madabhushi from the
United States. [To find out who the author on the
topic of digital learning is the most contributing and
connected is using VOSViewerl, With VOSViewer
we can identify the classification of top authors [24].
The grouping and connection of each author is
indicated by the presence of clusters [25]. The first
results of the digital learning topic are divided into 3
clusters, namely red (n=5), green (4), blue (n=2). H.
Beetham is the main author because he has 3
documents with 2 total links strength which is more
than any other author.

3.3 The document types and source titles of top 100
highest cited publications in the last 30 years

Table 3. The document types of top 100 highest cited
digital learning publication in the last 30 years

Document Freg- Cited | Mean Med- sD
Type uency ian
Article 81* 14206* | 175.3 125 160.8*
Conference
paper 7 808 115.4 95 47.2
Review 4 810 202.5*% | 209.5* | 96.6
Note 0 0 0 0 -
Book 7 1011 144.4 129 63.1
Editorial 1 376 376 376 -
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Table 3. shows digital learning topics, most of the
publications are in the form of articles (n=81).
Digital learning has been totally cited 14,206. The
standard deviation is quite high, namely digital
learning (n=160.8).

Table 4. The source titles of top 100 highest cited
publication in the last 30 years

Source Title

Py
w|O
_'
(@)

Computers and Education

Educational Technology and Society

Journal of Computer Assisted Learning

Journal of Research on Technology in

Education 530
Language and Learning in the Digital Age

Geoderma 386

ReCALL 325

Internet and Higher Education

N INWWW| W W~
N
(=2}
[e=]

Rethinking Pedagogy for a Digital Age:
Designing and Delivering E-Learning

Learning, Media and Technology 2 264

TD = Total Documents TC = Total Citations

Table 4. shows that the source titles of digital
learning are varied. [For the highest source title digital
learning namely Computers and Education (n=13
documents). The highest total citation is 2,983
namely source title is Computers and Education.

3.4 The year wise distribution of top 100 highest
cited publications in the last 30 years

Table 5. contains information on the distribution of
the top 100 cited publications on the topics of digital

Year Citable Digital Learning

Year TC TD ACPP ACPPY
2011 11 932 7 133.1 12.1
2012 10 1327 10 132.7 133
2013 9 1199 7 171.3 19
2014 8 894 8 1117 13.9
2015 7 443 4 110.7 15.8
2016 6 2699* | 11* 245.4 40.9
2017 5 567 4 1417 28.4
2018 4 881 6 146.8 36.7
2019 3 884 9 98.2 32.7
2020 2 326 2 163 81.5*
2021 1 0 0 0 0

*The Highest Number

This information can be used to see in what year
the top 100 cited publications were produced on the
topic. From this study it was found that the highest
year is 2016 (n=11 documents). In addition, from this
study it was found that the highest year is 2016
(n=2,699 citations). The highest average citation per
paper per year in 2020 is 81,5.

3.5 Literature review of digital learning to physics
learning

Table 6. contains the results of the literature review
by taking into account the quartiles, citations, and
findings to provide recommendations regarding the
selected paper.

Table 6. Top 5 highest cited paper showing
contribution of digital learning to physics learning

. d Author SJR | Citation | Findings
learning. The range of data used is from 1992 to ["Anderson, J. | 1,03 46 Digital learning with game
2021. L., & | Q1) simulations has a positive
Barnett, M. impact on the learning
Table 5. The year wise distribution of top 100 highest | [2°] outcomes of junior high
. L2 . school students in physics
cited publications in the last 30 years learning.
Year | Citable Digital Learning ienglgpta, Ii ?Qolf; 22 Thhe re;ultshof the f)t.Udy.
rinks, . show that the combination
1992 Yszar 'gC -ED A%PP ACSPY D., & Clark, of using digital learning
D. B. [27] fosters student physics
1993 29 0 0 0 0 learning motivation.
1994 28 0 0 0 0 Melo, M. | 0,54 4 The use of digital learning
1995 27 215 2 107.5 3.9 [28] (Q2) 4C/ID model in physics
1996 26 0 0 0 0 content to students has a
positive impact on learning
1997 25 0 0 0 0 OUTCOMES.
1998 24 0 0 0 0 Euler, E., 0,34 1 Digital learning using the
1999 23 0 0 0 0 Prytz,C., & | (Q3) Algodoo application gives
2000 22 0 0 0 0 Gregorcic, students the opportunity to
2001 21 420 2 210 10 B. [29] explore physics learning
2002 20 0 0 0 0 materials for free and able to
2003 19 0 0 0 0 attract students' attention in
2004 18 454 2 227 12.6 learning.
2005 17 1237 4 309.2* 18.2 Sukarno & 0,49 1 Students' metacognitive and
2006 16 270 2 135 8.4 Widdah, (Q2) digital literacy skills
2007 15 891 5 178.2 118 M.E. [30] increase in physics learning.
2008 14 869 5 173.8 12.4
2009 13 2282 7 326 251
2010 12 421 3 140.3 11.6
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The ranking system of reputable journals based on
the subject or category of the related journal field is
also called quartiles [31]. From these results, it can
be seen that the topic of digital learning has the
highest citation 46, thus, research related to digital
learning in physics will have a lot of potentials, and
its novelty will be quite high. Digital learning tends
to take advantage of interactive learning applications
to increase student motivation and learning outcomes
[32].

3.6 Advantage and disadvantage of digital learning
to physics learning

Table 7. Discussion about digital learning

Discussion Digital Learning
Learning media that can be done digitally
Meaning without having to wait for internet access to

start.

* Some digital learning can be accessed
without internet

o Not tied to face-to-face or non-face-to-
face learning

* More towards the learning media

Can be used in various places, can trigger

students to think creatively and

innovatively

Can lead to dependence on digital tools so

that it can cause laziness in students

Characteristics

Advantage

Disadvantage

From table 7., broadly speaking, it can be
concluded that digital learning has advantages in
flexibility and types of media that utilize
sophisticated digital tools. While the disadvantages
have an impact on students' lifestyles which can
become dependent on digital learning media. [The
digital learning is a learning process that requires
internet access, while digital learning does not
always require internet access

3.7 Analysis of the important role of interactive
learning in physics based on digital learning
research

Learning physics still tends to be difficult for most
students to understand. Physics learning needs to be
set more interactively for students. The use of
interactive learning media can be integrated using a
combination of video, graphics, text, and sound.
Digital learning by applying interactive virtual reality
can deepen students' understanding of physics
material. In addition, through good quality
worksheets in digital learning can be improved the
students' critical thinking skills in learning physics.
Practical activities can play an important role in
engaging students with the world of science,
especially when using digital tools. So, it can be
concluded that interactive learning can improve
student learning outcomes [33].

The majority of students in the 21st century is
proficient in advanced technology and are adaptable.
For example, the use of interactive modules is also
very important to apply because, according to
research [34], digital learning of physics with
interactive modules shows compatibility and a
positive impact. Since the last three years, the world
has been affected by the pandemic, so academic units
must also think about effective learning methods that
can still improve student achievement. Therefore,
interactive learning in physics is starting to be more
widely applied. One of them is by using interactive
multimedia, which is able to improve students'
understanding of concepts [35]. Interactive learning
plays an important role in deepening the concept of
physics and making the learning atmosphere more
interesting even through digital learning.

4. Conclusion

Research results analysis using bibliometric studies
and literature reviews related to digital learning
research get several conclusions. The conclusion is
that the trend of digital learning topics is increased
steadily, from 2014 to 2021. The most commonly
used keywords are digital age, and digital literacy.
The United States (US) has made the highest
contribution over the last thirty years on digital
learning. The author with the highest citation on
digital learning is M. Papastergiou from Greece. The
type of document that is often published in the article. |
The highest source titles digital learning is the paper
Computers and Education. The highest average
citation per paper per year is in 2020 where digital
learning (n=81,5). The digital learning topics
contribute to learning physics. From the explanation
above, the future research related to digital learning in
physics will have a lot of potentials, and its novelty
will be quite high. The important role of interactive
learning in physics is to improve student learning
outcomes, train critical thinking skills, deepen
understanding of concepts and make learning more
interesting. The advantages in flexibility and types of
media that utilize sophisticated digital tools. While
the disadvantages have an impact on students'
lifestyles which can become dependent on digital
learning media and because it’s using the internet
network, which requires costs and a strong signal
because not all areas have a strong network
connection.

The implication of this research is to show the
trend of publication of digital learning topics so that
future researchers can show more benefits related to
these topics. With this article, researchers can find out
the strengths and weaknesses of digital learning topic
and can find updates for future research. The
limitation of the study is that some research results at
Scopus are limited to full access. More intensively,
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further research can be carried out by comparing
other learning systems applied in physics learning.
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Abstract — The aim is to analyze top 100 highest
citations of digital learning research topics and the
important role of interactive learning in physics in
1992-2021. This study uses bibliometric analysis and
literature review. The trend of digital learning topics is
increasing steadily, from 2014 to 2021. Digital learning
shows an excellent contribution to physics learning.
The important role of interactive learning in physics is
to improve student learning outcomes, deepen
understanding and make learning more interesting.
More intensively, further research can be carried out
by comparing other learning systems applied in physics
learning.

Keywords — bibliometric, digital learning, education,
physics learning

1. Introduction
Various kinds of learning systems have been

applied according to surrounding conditions,
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the example is digital learning. The development of
learning systems must pay attention to the ease of
adaptation and transformation [1], [2]. Learning
development can be done by combining
organizational learning theory and general systems
theory.

There are many impacts of the covid-19
pandemic, one of which is in the world of education.
One of the updates from the covid-19 case on
October 10, 2021, all countries have reported 219
million positive cases of covid-19 with 4.55 million
deaths [3]. With the danger that threatens, many
countries are trying to make learning sustainable [4].
Efforts are made to organize healthy learning during
the covid-19 pandemic crisis [5]. The covid-19
outbreak has led to the closure of schools and
colleges, so educational institutions are designed to
be more flexible, namely the learning process can be
carried out even though it is not face-to-face,
reducing learning hours and utilizing digital
platforms. Research conducted by Leonhard [6], Neil
[7], and David [8] concluded that during the covid-19
pandemic, student responses showed good
acceptance of digital learning. Students accepted and
adapted easily to digital technology during the covid-
19 pandemic.

Physics learning is closely related to natural
phenomena and experimental activities. The
flexibility of physics learning can be done using
digital technology or without it [9]. By learning
physics through digital learning students are
challenged to be more independent, must easily adapt
and be willing to learn. However, there are
shortcomings in the implementation of digital
learning, namely some places have limited access to
digital media and potential dependence on digital
technology [10]. Mentoring and supervision by
physics teachers will determine the success of digital
learning [11].
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From the existing studies, there is still no
discussion that shows the contribution of digital
learning in physics learning and the important role of
interactive learning in physics. Some studies tend to
discuss digital learning, but to show the right data
regarding the analysis, bibliometric studies and
literature reviews are needed. Bibliometric analysis is
a method to provide knowledge regarding the growth
and flow of literature in a particular publication field
[12]. This bibliometric study uses empirical data to
track existing publications [13]. This study can
analyze the distribution of manuscripts sorted by
country, source, year and more [14].

This research was carried out with an explanation
of the importance of digital learning as well as the
existing shortcomings. The aim is to analyze top 100
highest citations of digital learning research topics,
and the important role of interactive learning in
physics from 1992 to 2021. For analysis are used
bibliometrics and also literature review. The
objective research included:

1. Analysis of the trend of digital
publications from the last thirty years.

2. ldentifying the most widely used keywords, the
country and author that contribute the most to
the publication of digital learning in the last
thirty years.

3. ldentifying document types and source titles for
digital learning from the last thirty years.

4. ldentifying the year wise distribution of the top
100 cited digital learning publications from the
last thirty years.

5. Identifying the contribution of digital learning in
physics learning over the last thirty years.

6. ldentifying the advantages and disadvantages of
digital learning.

7. Analysis of the important role of interactive
learning in physics.

learning

2. Methods

This study uses bibliometric analysis and
literature review. The data used in this study were
taken from Scopus. Scopus is well-known for its
largest database of publications in various fields
including academic fields such as natural sciences,
computing and others [15], [16]. Data from Scopus
can be adjusted according to the needs of the year,
title, country, keywords, and so on [17]. In addition,
this study uses a literature review from previous
studies as a reinforcement of research data.

Research data was taken on April 1, 2022. The
data in Scopus is selected based on the keywords you
want to search for. In this study, the keyword
selection stage was carried out twice, the first
regarding digital learning. Furthermore, the second
keywords are connected with physics learning to find
the contribution of digital learning, more details can

be seen in Figure 1. The data was obtained in the
form of .csv which was then analyzed using
Microsoft excel and .ris which was analyzed using
VOSViewer [18].

[ Defining Keywords ]
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Figure 1. Flowchart for the keyword filtering
3. Results and discussion
3.1 Publication trend in the last 30 years

From Figure 2., we can see the trend of
publications related to digital learning. The trend of
publication is an important aspect to pay attention to
and follow up [19]. Considering that publications
must be in accordance with current conditions, which
mean the development of a topic is determined from
the trend of publications each year [20].
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Figure 2. Digital learning publication trends




The highest digital learning publication was in
2021 with 1145 documents and the lowest in 1993
with 4 documents. Digital learning publications
began to increase steadily, from 2014 to 2021. The
highest increase occurred in 2021 with as many as
273 documents from 2020. The researchers tend to
be interested in raising the topic of digital learning
[21]. This is in line with the fact that the majority of
education in the world has used digital learning due
to the emergence of the Covid-19 pandemic [22]. So
that research related to digital learning has high
potential for future research.

3.2 Visualization of the most used keywords, top
countries and top authors who contributed the most
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Figure 3. The keywords visualization of digital
learning

Figure 3. shows the keyword visualization using
VOSViewer. Keywords can describe the subject
matter in a publication [23]. For digital learning
topics, the most commonly used keyword is "digital
age" which has 8 occurrences and "digital literacy"
has 6 occurrences.

Table 1. Comparison of the top 10 countries with the
most publications in the last thirty years

Top 10 countries Publications
United States 1,359
United Kingdom 460
China 422
Germany 347
Australia 319
Taiwan 306
Spain 281
Indonesia 221
Canada 208
India 187
S ———
s # = 5 Canada
/ﬂ 208‘L 460 UK chi

From Table 1. and Figure 4., it can be concluded
that the United States produced the highest number
of papers over the last thirty years on the topic of
digital learning. There are five countries that
consistently occupy the top 10 on all publication
topics related to digital learning including the United
States, China, United Kingdom, Australia and Spain.
To identify the author who has the most publications
on each topic of digital learning, we were using VOS
viewer and Microsoft Excel analysis. The results of
the Microsoft Excel analysis are shown in Table 2.

Table 2. The top 10 author with the highest citations
in the last thirty years

Author Total Citations Country
M. Papastergiou 1,880 Greece
K. Kiili 1,978 Finland
C.M. Greenhow 2,509 United States
A.R. Janowczyk 1,269 United States
D.B. Clark 3,069 Canada
A. Madabhushi 14,845* United States
B. Gros 660 Spain
S. Erhel 429 France
A. Sadik 367 Egypt
B.Q. Huynh 590 United States

Table 2. shows the top 10 authors from the highest
citations for the topic of digital learning, M.
Papastergiou from Greece. Meanwhile, the highest
total citation was owned by A. Madabhushi from the
United States. To find out which writers on digital
learning topics produce the most digital learning
papers and who are most connected to other authors,
we can use a software called VOSViewer. With
VOSViewer we can identify the classification of top
authors [24]. The grouping and connection of each
author is indicated by the presence of clusters [25].
The first results of the digital learning topic are
divided into 3 clusters, namely red (n=5), green (4),
blue (n=2). H. Beetham is the main author because
he has 3 documents with 2 total links strength which
is more than any other author.

3.3 The document types and source titles of top 100
highest cited publications in the last 30 years

Table 3. The document types of top 100 highest cited
digital learning publication in the last 30 years

Figure 4. Top 10 Countries with publications about
digital learning

Document Freqg- Cited | Mean Med- )
Type uency ian
Avrticle 81* 14206* | 175.3 125 160.8*
Conference 7 808 | 1154 | 95 472
paper
Review 4 810 202.5* | 209.5* 96.6
Note 0 0 0 0 -
Book 7 1011 144.4 129 63.1
Editorial 1 376 376 376 -




Table 3. shows digital learning topics, most of the
publications are in the form of articles (n=81).
Digital learning has been totally cited 14,206. The
standard deviation is quite high, namely digital
learning (n=160.8).

Table 4. The source titles of top 100 highest cited
publication in the last 30 years

Source Title TD TC
Computers and Education 13 | 2983
Educational Technology and Society 4 415
Journal of Computer Assisted Learning 3 565
Journal of Research on Technology in 3 530
Education
Language and Learning in the Digital Age 3 468
Geoderma 3 386
ReCALL 3 325
Internet and Higher Education 2 1008
Rethinking Pedagogy for a Digital Age: 2 343
Designing and Delivering E-Learning
Learning, Media and Technology 2 264
TD = Total Documents TC = Total Citations

Table 4. shows that the source titles of digital
learning are varied and we can see that the source
title which produces the most digital learning topics,
namely Computers and Education (n=13 documents).
The highest total citation is 2,983 namely source title
is Computers and Education.

3.4 The year wise distribution of top 100 highest
cited publications in the last 30 years

Table 5. contains information on the distribution of

Year Citable Digital Learning
Year TC TD | ACPP | ACPPY
2011 11 932 7 133.1 12.1
2012 10 1327 10 132.7 133
2013 9 1199 7 1713 19
2014 8 894 8 111.7 13.9
2015 7 443 4 110.7 15.8
2016 6 2699* | 11* 245.4 40.9
2017 5 567 4 141.7 28.4
2018 4 881 6 146.8 36.7
2019 3 884 9 98.2 32.7
2020 2 326 2 163 81.5*
2021 1 0 0 0 0
*The Highest Number

This information can be used to see in what year
the top 100 cited publications were produced on the
topic. From this study it was found that the highest
year is 2016 (n=11 documents). In addition, from this
study it was found that the highest year is 2016
(n=2,699 citations). The highest average citation per
paper per year in 2020 is 81,5.

3.5 Literature review of digital learning to physics
learning

Table 6. contains the results of the literature review
by taking into account the quartiles, citations, and
findings to provide recommendations regarding the
selected paper.

Table 6. Top 5 highest cited paper showing
contribution of digital learning to physics learning

the tqp 100 cited publications on the_ topics of digital [Aimor SIR | Citation | Findings
learning. The range of data used is from 1992 to [ Anderson. J. | 1,03 46 Digital learning with game
2021. L., & | (Q1 simulations has a positive
Barnett, M. impact on the learning
Table 5. The year wise distribution of top 100 highest | [?6] outcomes of junior high
. .2 . school students in physics
cited publications in the last 30 years learning.
Year | Citable Digital Learning ki K. | @1 | | show tht the combination
Year TC TD ACPP ACPPY D., & Clark, of using digital learning
1992 30 0 0 0 0 D. B. [27] fosters student physics
1993 29 0 0 0 0 learning motivation.
1994 28 0 0 0 0 Melo, M. | 0,54 4 The use of digital learning
1995 27 215 2 107.5 3.9 [28] (Q2) 4C/1D model in physics
1996 26 0 0 0 0 content to students has a
1997 25 0 0 0 0 positive impact on learning
outcomes.
1998 24 0 0 0 0 Euler, E., 0,34 1 Digital learning using the
1999 23 0 0 0 0 Prytz,C., & | (Q3) Algodoo application gives
2000 22 0 0 0 0 Gregorecic, students the opportunity to
2001 21 420 2 210 10 B. [29] explore physics learning
2002 20 0 0 0 0 materials for free and able to
2003 19 0 0 0 0 attract students' attention in
2004 18 454 2 227 12.6 learning.
2005 17 1237 4 309.2* 18.2 Sukarno & 0,49 1 Students' metacognitive and
2006 16 270 2 135 8.4 Widdah, (Q2) digital literacy skills
2007 15 891 5 178.2 11.8 M.E. [30] increase in physics learning.
2008 14 869 5 173.8 12.4
2009 13 2282 7 326 25.1
2010 12 421 3 140.3 11.6




The ranking system of reputable journals based on
the subject or category of the related journal field is
also called quartiles [31]. From these results, it can
be seen that the topic of digital learning has the
highest citation 46, thus, research related to digital
learning in physics will have a lot of potentials, and
its novelty will be quite high. Digital learning tends
to take advantage of interactive learning applications
to increase student motivation and learning outcomes
[32].

3.6 Advantage and disadvantage of digital learning
to physics learning

Table 7. Discussion about digital learning

Discussion Digital Learning
Learning media that can be done digitally
Meaning without having to wait for internet access to

start.

e Some digital learning can be accessed
without internet

¢ Not tied to face-to-face or non-face-to-
face learning

e More towards the learning media

Can be used in various places, can trigger

students to think creatively and

innovatively

Can lead to dependence on digital tools so

that it can cause laziness in students

Characteristics

Advantage

Disadvantage

From table 7., broadly speaking, it can be
concluded that digital learning has advantages in
flexibility and types of media that utilize
sophisticated digital tools. While the disadvantages
have an impact on students' lifestyles which can
become dependent on digital learning media.

3.7 Analysis of the important role of interactive
learning in physics based on digital learning
research

Learning physics still tends to be difficult for most
students to understand. Physics learning needs to be
set more interactively for students. The use of
interactive learning media can be integrated using a
combination of video, graphics, text, and sound.
Digital learning by applying interactive virtual reality
can deepen students' understanding of physics
material. In addition, through good quality
worksheets in digital learning can be improved the
students' critical thinking skills in learning physics.
Practical activities can play an important role in
engaging students with the world of science,
especially when using digital tools. So, it can be
concluded that interactive learning can improve
student learning outcomes [33].

The majority of students in the 21st century is
proficient in advanced technology and are adaptable.
For example, the use of interactive modules is also
very important to apply because, according to

research [34], digital learning of physics with
interactive modules shows compatibility and a
positive impact. Since the last three years, the world
has been affected by the pandemic, so academic units
must also think about effective learning methods that
can still improve student achievement. Therefore,
interactive learning in physics is starting to be more
widely applied. One of them is by using interactive
multimedia, which is able to improve students'
understanding of concepts [35]. Interactive learning
plays an important role in deepening the concept of
physics and making the learning atmosphere more
interesting even through digital learning.

4,  Conclusion

Research results analysis using bibliometric studies
and literature reviews related to digital learning
research get several conclusions. The conclusion is
that the trend of digital learning topics is increased
steadily, from 2014 to 2021. The most commonly
used keywords are digital age, and digital literacy.
The United States (US) has made the highest
contribution over the last thirty years on digital
learning. The author with the highest citation on
digital learning is M. Papastergiou from Greece. The
type of document that is often published by the author
is in the form of articles. The highest source titles
digital learning is the paper Computers and
Education. The highest average citation per paper per
year is in 2020 where digital learning (n=81,5). The
digital learning topics contribute to learning physics.
From the explanation above, the future research
related to digital learning in physics will have a lot of
potentials, and its novelty will be quite high. The
important role of interactive learning in physics is to
improve student learning outcomes, train critical
thinking skills, deepen understanding of concepts and
make learning more interesting. The advantages of
digital learning is in flexibility such as the learning
process can be carried out even though it is not face-
to-face, reducing learning hours and types of media
that utilize sophisticated digital tools. While the
disadvantages have an impact on students' lifestyles
which can become dependent on digital learning
media and because it’s using the internet network,
which requires costs and a strong signal because not
all areas have a strong network connection.

The implication of this research is to show the
trend of publication of digital learning topics so that
future researchers can show more benefits related to
these topics. With this article, researchers can find out
the strengths and weaknesses of digital learning topic
and can find updates for future research. The
limitation of the study is that some research results at
Scopus are limited to full access. More intensively,
further research can be carried out by comparing
other learning systems applied in physics learning.
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Abstract — The aim is to analyze top 100 highest
citations of digital learning research topics and the
important role of interactive learning in physics in
1992-2021. This study uses bibliometric analysis and
literature review. The trend of digital learning topics is
increasing steadily, from 2014 to 2021. Digital learning
shows an excellent contribution to physics learning.
The important role of interactive learning in physics is
to improve student learning outcomes, deepen
understanding and make learning more interesting.
More intensively, further research can be carried out
by comparing other learning systems applied in physics
learning.
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1. Introduction

Various kinds of learning systems have been
applied according to surrounding conditions, the
example is digital learning.
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The development of learning systems must pay
attention to the ease of adaptation and transformation
[1], [2]. Learning development can be done by
combining organizational learning theory and general
systems theory.

There are many impacts of the covid-19 pandemic,
one of which is in the world of education. One of the
updates from the covid-19 case on October 10, 2021,
all countries have reported 219 million positive cases
of covid-19 with 4.55 million deaths [3]. With the
danger that threatens, many countries are trying to
make learning sustainable [4]. Efforts are made to
organize healthy learning during the covid-19
pandemic crisis [5]. The covid-19 outbreak has led to
the closure of schools and colleges, so educational
institutions are designed to be more flexible, namely
the learning process can be carried out even though it
is not face-to-face, reducing learning hours and
utilizing digital platforms. Research conducted by
Schirmel [6], Neil [7], and David [8] concluded that
during the covid-19 pandemic, student responses
showed good acceptance of digital learning. Students
accepted and adapted easily to digital technology
during the covid-19 pandemic.

Physics learning is closely related to natural
phenomena and experimental activities. The
flexibility of physics learning can be done using
digital technology or without it [9]. By learning
physics through digital learning students are
challenged to be more independent, must easily adapt
and be willing to learn. However, there are
shortcomings in the implementation of digital
learning, namely some places have limited access to
digital media and potential dependence on digital
technology [10]. Mentoring and supervision by
physics teachers will determine the success of digital
learning [11].

From the existing studies, there is still no
discussion that shows the contribution of digital
learning in physics learning and the important role of
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interactive learning in physics. Some studies tend to
discuss digital learning, but to show the right data
regarding the analysis, bibliometric studies and
literature reviews are needed. Bibliometric analysis is
a method to provide knowledge regarding the growth
and flow of literature in a particular publication field
[12]. This bibliometric study uses empirical data to
track existing publications [13]. This study can
analyze the distribution of manuscripts sorted by
country, source, year and more [14].

This research was carried out with an explanation
of the importance of digital learning as well as the
existing shortcomings. The aim is to analyze top 100
highest citations of digital learning research topics,
and the important role of interactive learning in
physics from 1992 to 2021. For analysis are used
bibliometrics and also literature review. The
objective research included:

1. Analysis of the trend of digital
publications from the last thirty years.

2. Identifying the most widely used keywords, the
country and author that contribute the most to the
publication of digital learning in the last thirty
years.

3. Identifying document types and source titles for
digital learning from the last thirty years.

4. ldentifying the year wise distribution of the top
100 cited digital learning publications from the
last thirty years.

5. Identifying the contribution of digital learning in
physics learning over the last thirty years.

6. Identifying the advantages and disadvantages of
digital learning.

7. Analysis of the important role of interactive
learning in physics.

learning

2. Methods

This study uses bibliometric analysis and literature
review. The data used in this study were taken from
Scopus. Scopus is well-known for its largest database
of publications in various fields including academic
fields such as natural sciences, computing and others
[15], [16]. Data from Scopus can be adjusted
according to the needs of the year, title, country,
keywords, and so on [17]. In addition, this study uses
a literature review from previous studies as a
reinforcement of research data.

Research data was taken on April 1, 2022. The data
in Scopus is selected based on the keywords you
want to search for. In this study, the keyword
selection stage was carried out twice, the first
regarding digital learning. Furthermore, the second
keywords are connected with physics learning to find
the contribution of digital learning, more details can
be seen in Figure 1. The data was obtained in the
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form of .csv which was then analyzed using
Microsoft excel and .ris which was analyzed using
VOSViewer [18].

[ Defining Keywords ]

First Filtering Second
Filtering
Title (digital
AND learning) Title (digital
AND learning
AND physics

\ / \ AND learnino)

Shorted in all
years by higest
cited

Shorted top
100 cited from
1992 to 2021

6249

docnimentg

37 documents

[ Results and Discussion ]

[ Conclude ]
Figure 1. Flowchart for the keyword filtering

3. Results and Discussion
3.1.Publication Trend in the Last 30 Years

From Figure 2., we can see the trend of
publications related to digital learning. The trend of
publication is an important aspect to pay attention to
and follow up [19]. Considering that publications
must be in accordance with current conditions, which
mean the development of a topic is determined from
the trend of publications each year [20].

Digital Learning
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Figure 2. Digital learning publication trends
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The highest digital learning publication was in
2021 with 1145 documents and the lowest in 1993
with 4 documents. Digital learning publications
began to increase steadily, from 2014 to 2021. The
highest increase occurred in 2021 with as many as
273 documents from 2020. The researchers tend to
be interested in raising the topic of digital learning
[21]. This is in line with the fact that the majority of
education in the world has used digital learning due
to the emergence of the Covid-19 pandemic [22]. So
that research related to digital learning has high
potential for future research.

3.2.Visualization of the Most Used Keywords, Top
Countries and Top Authors Who Contributed
the Most

N @y

4 peciggy
d‘ggage desping

digial lesminigenironmegt

digipllferacy "7

Figure 3. The keywords visualization of digital learning

Figure 3. shows the keyword visualization using
VOSViewer. Keywords can describe the subject
matter in a publication [23]. For digital learning
topics, the most commonly used keyword is "digital
age" which has 8 occurrences and "digital literacy"
has 6 occurrences.

Table 1. Comparison of the top 10 countries with the most
publications in the last thirty years

460 UK
347 G

.......... ¥ )
281 Spain
422

187 306 Talwan
+

India 329
T

Indonesia

t

Australia

Figure 4. Top 10 Countries with publications about
digital learning

From Table 1. and Figure 4., it can be concluded
that the United States produced the highest number
of papers over the last thirty years on the topic of
digital learning. There are five countries that
consistently occupy the top 10 on all publication
topics related to digital learning including the United
States, China, United Kingdom, Australia and Spain.
To identify the author who has the most publications
on each topic of digital learning, we were using VOS
viewer and Microsoft Excel analysis. The results of
the Microsoft Excel analysis are shown in Table 2.

Table 2. The top 10 author with the highest citations in the
last thirty years

Top 10 countries Publications
United States 1,359

United Kingdom 460
China 422
Germany 347
Australia 319
Taiwan 306
Spain 281
Indonesia 221
Canada 208
India 187

TEM Journal = Volume 11 / Number 3 / 2022.

Author Total Citations Country
M. Papastergiou 1,880 Greece
K. Kiili 1,978 Finland
C.M. Greenhow 2,509 United States
A.R. Janowczyk 1,269 United States
D.B. Clark 3,069 Canada
A. Madabhushi 14,845%* United States
B. Gros 660 Spain
S. Erhel 429 France
A. Sadik 367 Egypt
B.Q. Huynh 590 United States

Table 2. shows the top 10 authors from the highest
citations for the topic of digital learning, M.
Papastergiou from Greece. Meanwhile, the highest
total citation was owned by A. Madabhushi from the
United States. To find out which writers on digital
learning topics produce the most digital learning
papers and who are most connected to other authors,
we can use a software called VOSViewer. With
VOSViewer we can identify the classification of top
authors [24]. The grouping and connection of each
author is indicated by the presence of clusters [25].
The first results of the digital learning topic are
divided into 3 clusters, namely red (n=5), green (4),
blue (n=2). H. Beetham is the main author because
he has 3 documents with 2 total links strength which
is more than any other author.
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3.3. The Document Types and Source Titles of Top
100 Highest Cited Publications in the Last 30
Years

Table 5. The year wise distribution of top 100 highest cited
publications in the last 30 years

Year Citable Digital Learning
Year TC TD | ACPP |ACPPY
Table 3. The document types of top 100 highest cited 1992 30 0 0 0 0
digital learning publication in the last 30 years 1993 29 0 0 0 0
Document Freq- . Med- 1994 28 0 0 0 0
Type uen(cly Cited |Mean | . = | SD 1995 27 215 | 2 107.5 3.9
Atticle 81*  [14206* [1753 | 125 [160.8* | [1996 | 26 0 0 0 0
Conference 1997 25 0 0 0 0
oaper 7 808 1154 | 95 | 472 | [joos | 24 0 0 0 0
Review 4 810 [202.5* [209.5* | 96.6 1999 23 0 0 0 0
Note 0 0 0 0 ) 2000 | 22 0 0 0 0
Book 7 1011 [144.4 | 129 | 63.1 2001 21 420 2 210 10
Editorial 1 376 | 376 | 376 - 2002 20 0 0 0 0
2003 19 0 0 0 0
Table 3. shows digital learning topics, most of the 2004 18 454 2 227 12.6
publications are in the form of articles (n=81). 2005 17 1237 4 309.2* 18.2
Digital learning has been totally cited 14,206. The ;88? ig é;(l) g 11738 52 181'48
T::lr;r(llianrg ( r?:efé%tlg)n is quite high, namely digital 2008 11 269 5 1738 4
2009 13 2282 7 326 25.1
Tablg 4._The_ source titles of top 100 highest cited ;8}? ﬁ ‘9%; g 143‘(3)3{ i;?
publication in the last 30 years 2012 10 1327 10 132.7 133
Source Title ™D | TC 2013 9 1199 7 171.3 19
Computers and Education 13 | 2983 2014 8 894 8 111.7 13.9
Educational Technology and Society 4 415 2015 7 443 4 110.7 15.8
Journal of Computer Assisted Learning 3 565 2016 6 2699* | 11* 2454 40.9
Journal of Research on Technology in 3 530 2017 5 567 4 141.7 28.4
Education 2018 4 881 6 146.8 36.7
Language and Learning in the Digital Age 3 468 2019 3 884 9 98.2 32.7
Geoderma 3 386 2020 2 326 2 163 81.5%
ReCALL 3 325 2021 1 0 0 0 0
Internet and Higher Education 2 | 1008 *The Highest Number
Rethinking Pedagogy for a Digital Age:
. =0 . 2 343
Des1gplng and Dehvermg E-Learning This information can be used to see in what year
Learning, Media and Technology 2 | 264 | the top 100 cited publications were produced on the

TD = Total Documents TC = Total Citations

Table 4. shows that the source titles of digital
learning are varied and we can see that the source
title which produces the most digital learning topics,
namely Computers and Education (n=13 documents).
The highest total citation is 2,983 namely source title
is Computers and Education.

3.4.The Year Wise Distribution of Top 100 Highest
Cited Publications in the Last 30 Years

Table 5. contains information on the distribution of
the top 100 cited publications on the topics of digital
learning. The range of data used is from 1992 to
2021.
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topic. From this study it was found that the highest
year is 2016 (n=11 documents). In addition, from this
study it was found that the highest year is 2016
(n=2,699 citations). The highest average citation per
paper per year in 2020 is 81,5.

3.5. Literature Review of Digital Learning to
Physics Learning

Table 6. contains the results of the literature review
by taking into account the quartiles, citations, and
findings to provide recommendations regarding the
selected paper.
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Table 6. Top 5 highest cited paper showing contribution of
digital learning to physics learning

Author SJR | Citation Findings
Digital learning with
Anderson, gam.e.sun.ulatlons has a
J L. & 1.03 positive impact on the
T ’ 46 learning outcomes of
Barnett, M. | (QI) e
[26] junior high school
students in physics
learning.
Senoupta The results of the study
gupta, show that the
P., Krinks, . .
4,06 22 combination of using
K.D, & . .
QD) digital learning fosters
Clark, D. B. . .
[27] student physics learning
motivation.
The use of digital
learning 4C/ID model in
Melo, M. 0,54 4 physics content to
[28] (Q2) students has a positive
impact on learning
outcomes.
Digital learning using
the Algodoo application
Euler, E., gives students the
Prytz, C., & | 0,34 | opportunity to explore
Gregorcic, | (Q3) physics learning
B. [29] materials for free and
able to attract students'
attention in learning.
Students' metacognitive
Sukarno & | 4 and digital literacy skills
Widdah, (Q2) ! increase in physics
M.E. [30] oo phy
earning.

The ranking system of reputable journals based on
the subject or category of the related journal field is
also called quartiles [31]. From these results, it can
be seen that the topic of digital learning has the
highest citation 46, thus, research related to digital
learning in physics will have a lot of potentials, and
its novelty will be quite high. Digital learning tends
to take advantage of interactive learning applications
to increase student motivation and learning outcomes
[32].

3.6. Advantage and Disadvantage of Digital
Learning to Physics Learning

Table 7. Discussion about digital learning

Discussion Digital Learning

Learning media that can be done

digitally without having to wait for

internet access to start.

= Some digital learning can be
accessed without internet

» Not tied to face-to-face or non-
face-to-face learning

= More towards the learning media

Can be used in various places, can

trigger students to think creatively

Meaning

Characteristics

Advantage
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Discussion Digital Learning
and innovatively
Can lead to dependence on digital
Disadvantage | tools so that it can cause laziness in
students

From table 7., broadly speaking, it can be
concluded that digital learning has advantages in
flexibility and types of media that utilize
sophisticated digital tools. While the disadvantages
have an impact on students' lifestyles which can
become dependent on digital learning media.

3.7. Analysis of the Important Role of Interactive
Learning in Physics Based on Digital Learning
Research

Learning physics still tends to be difficult for most
students to understand. Physics learning needs to be
set more interactively for students. The use of
interactive learning media can be integrated using a
combination of video, graphics, text, and sound.
Digital learning by applying interactive virtual reality
can deepen students' understanding of physics
material. In addition, through good quality
worksheets in digital learning can be improved the
students' critical thinking skills in learning physics.
Practical activities can play an important role in
engaging students with the world of science,
especially when using digital tools. So, it can be
concluded that interactive learning can improve
student learning outcomes [33].

The majority of students in the 21st century is
proficient in advanced technology and are adaptable.
For example, the use of interactive modules is also
very important to apply because, according to
research [34], digital learning of physics with
interactive modules shows compatibility and a
positive impact. Since the last three years, the world
has been affected by the pandemic, so academic units
must also think about effective learning methods that
can still improve student achievement. Therefore,
interactive learning in physics is starting to be more
widely applied. One of them is by using interactive
multimedia, which is able to improve students'
understanding of concepts [35]. Interactive learning
plays an important role in deepening the concept of
physics and making the learning atmosphere more
interesting even through digital learning.

4. Conclusion

Research results analysis using bibliometric studies
and literature reviews related to digital learning
research get several conclusions. The conclusion is
that the trend of digital learning topics is increased
steadily, from 2014 to 2021. The most commonly
used keywords are digital age, and digital literacy.
The United States (US) has made the highest
contribution over the last thirty years on digital
learning. The author with the highest citation on
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digital learning is M. Papastergiou from Greece. The
type of document that is often published by the author
is in the form of articles. The highest source titles
digital learning is the paper Computers and
Education. The highest average citation per paper per
year is in 2020 where digital learning (n=81,5). The
digital learning topics contribute to learning physics.
From the explanation above, the future research
related to digital learning in physics will have a lot of
potentials, and its novelty will be quite high. The
important role of interactive learning in physics is to
improve student learning outcomes, train critical
thinking skills, deepen understanding of concepts and
make learning more interesting. The advantages of
digital learning is in flexibility such as the learning
process can be carried out even though it is not face-
to-face, reducing learning hours and types of media
that utilize sophisticated digital tools. While the
disadvantages have an impact on students' lifestyles
which can become dependent on digital learning
media and because it’s using the internet network,
which requires costs and a strong signal because not
all areas have a strong network connection.

The implication of this research is to show the trend
of publication of digital learning topics so that future
researchers can show more benefits related to these
topics. With this article, researchers can find out the
strengths and weaknesses of digital learning topic and
can find updates for future research. The limitation of
the study is that some research results at Scopus are
limited to full access. More intensively, further
research can be carried out by comparing other
learning systems applied in physics learning.
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Abstract — The aim is to analyze top 100 highest
citations of digital learning research topics and the
important role of interactive learning in physics in
1992-2021. This study uses bibliometric analysis and
literature review. The trend of digital learning topics is
increasing steadily, from 2014 to 2021. Digital learning
shows an excellent contribution to physics learning.
The important role of interactive learning in physics is
to improve student learning outcomes, deepen
understanding and make learning more interesting.
More intensively, further research can be carried out
by comparing other learning systems applied in physics
learning.
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1. Introduction

Various kinds of learning systems have been
applied according to surrounding conditions, the
example is digital learning.
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The development of learning systems must pay
attention to the ease of adaptation and transformation
[1], [2]. Learning development can be done by
combining organizational learning theory and general
systems theory.

There are many impacts of the covid-19 pandemic,
one of which is in the world of education. One of the
updates from the covid-19 case on October 10, 2021,
all countries have reported 219 million positive cases
of covid-19 with 4.55 million deaths [3]. With the
danger that threatens, many countries are trying to
make learning sustainable [4]. Efforts are made to
organize healthy learning during the covid-19
pandemic crisis [5]. The covid-19 outbreak has led to
the closure of schools and colleges, so educational
institutions are designed to be more flexible, namely
the learning process can be carried out even though it
is not face-to-face, reducing learning hours and
utilizing digital platforms. Research conducted by
Schirmel [6], Neil [7], and David [8] concluded that
during the covid-19 pandemic, student responses
showed good acceptance of digital learning. Students
accepted and adapted easily to digital technology
during the covid-19 pandemic.

Physics learning is closely related to natural
phenomena and experimental activities. The
flexibility of physics learning can be done using
digital technology or without it [9]. By learning
physics through digital learning students are
challenged to be more independent, must easily adapt
and be willing to learn. However, there are
shortcomings in the implementation of digital
learning, namely some places have limited access to
digital media and potential dependence on digital
technology [10]. Mentoring and supervision by
physics teachers will determine the success of digital
learning [11].

From the existing studies, there is still no
discussion that shows the contribution of digital
learning in physics learning and the important role of
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interactive learning in physics. Some studies tend to
discuss digital learning, but to show the right data
regarding the analysis, bibliometric studies and
literature reviews are needed. Bibliometric analysis is
a method to provide knowledge regarding the growth
and flow of literature in a particular publication field
[12]. This bibliometric study uses empirical data to
track existing publications [13]. This study can
analyze the distribution of manuscripts sorted by
country, source, year and more [14].

This research was carried out with an explanation
of the importance of digital learning as well as the
existing shortcomings. The aim is to analyze top 100
highest citations of digital learning research topics,
and the important role of interactive learning in
physics from 1992 to 2021. For analysis are used
bibliometrics and also literature review. The
objective research included:

1. Analysis of the trend of digital
publications from the last thirty years.

2. Identifying the most widely used keywords, the
country and author that contribute the most to the
publication of digital learning in the last thirty
years.

3. Identifying document types and source titles for
digital learning from the last thirty years.

4. ldentifying the year wise distribution of the top
100 cited digital learning publications from the
last thirty years.

5. Identifying the contribution of digital learning in
physics learning over the last thirty years.

6. Identifying the advantages and disadvantages of
digital learning.

7. Analysis of the important role of interactive
learning in physics.

learning

2. Methods

This study uses bibliometric analysis and literature
review. The data used in this study were taken from
Scopus. Scopus is well-known for its largest database
of publications in various fields including academic
fields such as natural sciences, computing and others
[15], [16]. Data from Scopus can be adjusted
according to the needs of the year, title, country,
keywords, and so on [17]. In addition, this study uses
a literature review from previous studies as a
reinforcement of research data.

Research data was taken on April 1, 2022. The data
in Scopus is selected based on the keywords you
want to search for. In this study, the keyword
selection stage was carried out twice, the first
regarding digital learning. Furthermore, the second
keywords are connected with physics learning to find
the contribution of digital learning, more details can
be seen in Figure 1. The data was obtained in the
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form of .csv which was then analyzed using
Microsoft excel and .ris which was analyzed using
VOSViewer [18].
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Figure 1. Flowchart for the keyword filtering

3. Results and Discussion
3.1.Publication Trend in the Last 30 Years

From Figure 2., we can see the trend of
publications related to digital learning. The trend of
publication is an important aspect to pay attention to
and follow up [19]. Considering that publications
must be in accordance with current conditions, which
mean the development of a topic is determined from
the trend of publications each year [20].
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Figure 2. Digital learning publication trends
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The highest digital learning publication was in
2021 with 1145 documents and the lowest in 1993
with 4 documents. Digital learning publications
began to increase steadily, from 2014 to 2021. The
highest increase occurred in 2021 with as many as
273 documents from 2020. The researchers tend to
be interested in raising the topic of digital learning
[21]. This is in line with the fact that the majority of
education in the world has used digital learning due
to the emergence of the Covid-19 pandemic [22]. So
that research related to digital learning has high
potential for future research.

3.2.Visualization of the Most Used Keywords, Top
Countries and Top Authors Who Contributed
the Most

N @y
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Figure 3. The keywords visualization of digital learning

Figure 3. shows the keyword visualization using
VOSViewer. Keywords can describe the subject
matter in a publication [23]. For digital learning
topics, the most commonly used keyword is "digital
age" which has 8 occurrences and "digital literacy"
has 6 occurrences.

Table 1. Comparison of the top 10 countries with the most
publications in the last thirty years
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Figure 4. Top 10 Countries with publications about
digital learning

From Table 1. and Figure 4., it can be concluded
that the United States produced the highest number
of papers over the last thirty years on the topic of
digital learning. There are five countries that
consistently occupy the top 10 on all publication
topics related to digital learning including the United
States, China, United Kingdom, Australia and Spain.
To identify the author who has the most publications
on each topic of digital learning, we were using VOS
viewer and Microsoft Excel analysis. The results of
the Microsoft Excel analysis are shown in Table 2.

Table 2. The top 10 author with the highest citations in the
last thirty years

Top 10 countries Publications
United States 1,359

United Kingdom 460
China 422
Germany 347
Australia 319
Taiwan 306
Spain 281
Indonesia 221
Canada 208
India 187
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Author Total Citations Country
M. Papastergiou 1,880 Greece
K. Kiili 1,978 Finland
C.M. Greenhow 2,509 United States
A.R. Janowczyk 1,269 United States
D.B. Clark 3,069 Canada
A. Madabhushi 14,845%* United States
B. Gros 660 Spain
S. Erhel 429 France
A. Sadik 367 Egypt
B.Q. Huynh 590 United States

Table 2. shows the top 10 authors from the highest
citations for the topic of digital learning, M.
Papastergiou from Greece. Meanwhile, the highest
total citation was owned by A. Madabhushi from the
United States. To find out which writers on digital
learning topics produce the most digital learning
papers and who are most connected to other authors,
we can use a software called VOSViewer. With
VOSViewer we can identify the classification of top
authors [24]. The grouping and connection of each
author is indicated by the presence of clusters [25].
The first results of the digital learning topic are
divided into 3 clusters, namely red (n=5), green (4),
blue (n=2). H. Beetham is the main author because
he has 3 documents with 2 total links strength which
is more than any other author.
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3.3. The Document Types and Source Titles of Top
100 Highest Cited Publications in the Last 30
Years

Table 5. The year wise distribution of top 100 highest cited
publications in the last 30 years

Year Citable Digital Learning
Year TC TD | ACPP |ACPPY
Table 3. The document types of top 100 highest cited 1992 30 0 0 0 0
digital learning publication in the last 30 years 1993 29 0 0 0 0
Document Freq- . Med- 1994 28 0 0 0 0
Type uen(cly Cited |Mean | . = | SD 1995 27 215 | 2 107.5 3.9
Atticle 81*  [14206* [1753 | 125 [160.8* | [1996 | 26 0 0 0 0
Conference 1997 25 0 0 0 0
oaper 7 808 1154 | 95 | 472 | [joos | 24 0 0 0 0
Review 4 810 [202.5* [209.5* | 96.6 1999 23 0 0 0 0
Note 0 0 0 0 ) 2000 | 22 0 0 0 0
Book 7 1011 [144.4 | 129 | 63.1 2001 21 420 2 210 10
Editorial 1 376 | 376 | 376 - 2002 20 0 0 0 0
2003 19 0 0 0 0
Table 3. shows digital learning topics, most of the 2004 18 454 2 227 12.6
publications are in the form of articles (n=81). 2005 17 1237 4 309.2* 18.2
Digital learning has been totally cited 14,206. The ;88? ig é;(l) g 11738 52 181'48
T::lr;r(llianrg ( r?:efé%tlg)n is quite high, namely digital 2008 11 269 5 1738 4
2009 13 2282 7 326 25.1
Tablg 4._The_ source titles of top 100 highest cited ;8}? ﬁ ‘9%; g 143‘(3)3{ i;?
publication in the last 30 years 2012 10 1327 10 132.7 133
Source Title ™D | TC 2013 9 1199 7 171.3 19
Computers and Education 13 | 2983 2014 8 894 8 111.7 13.9
Educational Technology and Society 4 415 2015 7 443 4 110.7 15.8
Journal of Computer Assisted Learning 3 565 2016 6 2699* | 11* 2454 40.9
Journal of Research on Technology in 3 530 2017 5 567 4 141.7 28.4
Education 2018 4 881 6 146.8 36.7
Language and Learning in the Digital Age 3 468 2019 3 884 9 98.2 32.7
Geoderma 3 386 2020 2 326 2 163 81.5%
ReCALL 3 325 2021 1 0 0 0 0
Internet and Higher Education 2 | 1008 *The Highest Number
Rethinking Pedagogy for a Digital Age:
. =0 . 2 343
Des1gplng and Dehvermg E-Learning This information can be used to see in what year
Learning, Media and Technology 2 | 264 | the top 100 cited publications were produced on the

TD = Total Documents TC = Total Citations

Table 4. shows that the source titles of digital
learning are varied and we can see that the source
title which produces the most digital learning topics,
namely Computers and Education (n=13 documents).
The highest total citation is 2,983 namely source title
is Computers and Education.

3.4.The Year Wise Distribution of Top 100 Highest
Cited Publications in the Last 30 Years

Table 5. contains information on the distribution of
the top 100 cited publications on the topics of digital
learning. The range of data used is from 1992 to
2021.
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topic. From this study it was found that the highest
year is 2016 (n=11 documents). In addition, from this
study it was found that the highest year is 2016
(n=2,699 citations). The highest average citation per
paper per year in 2020 is 81,5.

3.5. Literature Review of Digital Learning to
Physics Learning

Table 6. contains the results of the literature review
by taking into account the quartiles, citations, and
findings to provide recommendations regarding the
selected paper.
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Table 6. Top 5 highest cited paper showing contribution of
digital learning to physics learning

Author SJR | Citation Findings
Digital learning with
Anderson, gam.e.sun.ulatlons has a
T L. & 1.03 positive impact on the
ce ’ 46 learning outcomes of
Barnett, M. | (Q1) e
[26] junior high school
students in physics
learning.
Senoupta The results of the study
gupta, show that the
P., Krinks, . .
4,06 22 combination of using
K.D, & . .
QD) digital learning fosters
Clark, D. B. . .
[27] student physics learning
motivation.
The use of digital
learning 4C/ID model in
Melo, M. 0,54 4 physics content to
[28] (Q2) students has a positive
impact on learning
outcomes.
Digital learning using
the Algodoo application
Euler, E., gives students the
Prytz, C., & | 0,34 1 opportunity to explore
Gregorcic, | (Q3) physics learning
B. [29] materials for free and
able to attract students'
attention in learning.
Students' metacognitive
Sukarno & | 44 and digital literacy skills
Widdah, (Q2) ! increase in physics
M.E. [30] oo phy
earning.

The ranking system of reputable journals based on
the subject or category of the related journal field is
also called quartiles [31]. From these results, it can
be seen that the topic of digital learning has the
highest citation 46, thus, research related to digital
learning in physics will have a lot of potentials, and
its novelty will be quite high. Digital learning tends
to take advantage of interactive learning applications
to increase student motivation and learning outcomes
[32].

3.6. Advantage and Disadvantage of Digital
Learning to Physics Learning

Table 7. Discussion about digital learning

Discussion Digital Learning

Learning media that can be done

digitally without having to wait for

internet access to start.

= Some digital learning can be
accessed without internet

* Not tied to face-to-face or non-
face-to-face learning

= More towards the learning media

Can be used in various places, can

trigger students to think creatively

Meaning

Characteristics

Advantage

TEM Journal = Volume 11 / Number 3 / 2022.

Discussion Digital Learning
and innovatively
Can lead to dependence on digital
Disadvantage | tools so that it can cause laziness in
students
From Table 7., broadly speaking, it can be
concluded that digital learning has advantages in
flexibility and types of media that utilize

sophisticated digital tools. While the disadvantages
have an impact on students' lifestyles which can
become dependent on digital learning media.

3.7. Analysis of the Important Role of Interactive
Learning in Physics Based on Digital Learning
Research

Learning physics still tends to be difficult for most
students to understand. Physics learning needs to be
set more interactively for students. The use of
interactive learning media can be integrated using a
combination of video, graphics, text, and sound.
Digital learning by applying interactive virtual reality
can deepen students' understanding of physics
material. In addition, through good quality
worksheets in digital learning can be improved the
students' critical thinking skills in learning physics.
Practical activities can play an important role in
engaging students with the world of science,
especially when using digital tools. So, it can be
concluded that interactive learning can improve
student learning outcomes [33].

The majority of students in the 21st century is
proficient in advanced technology and are adaptable.
For example, the use of interactive modules is also
very important to apply because, according to
research [34], digital learning of physics with
interactive modules shows compatibility and a
positive impact. Since the last three years, the world
has been affected by the pandemic, so academic units
must also think about effective learning methods that
can still improve student achievement. Therefore,
interactive learning in physics is starting to be more
widely applied. One of them is by using interactive
multimedia, which is able to improve students'
understanding of concepts [35]. Interactive learning
plays an important role in deepening the concept of
physics and making the learning atmosphere more
interesting even through digital learning.

4. Conclusion

Research results analysis using bibliometric studies
and literature reviews related to digital learning
research get several conclusions. The conclusion is
that the trend of digital learning topics is increased
steadily, from 2014 to 2021. The most commonly
used keywords are digital age, and digital literacy.
The United States (US) has made the highest
contribution over the last thirty years on digital
learning. The author with the highest citation on
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digital learning is M. Papastergiou from Greece. The
type of document that is often published by the author
is in the form of articles. The highest source titles
digital learning is the paper Computers and
Education. The highest average citation per paper per
year is in 2020 where digital learning (n=81,5). The
digital learning topics contribute to learning physics.
From the explanation above, the future research
related to digital learning in physics will have a lot of
potentials, and its novelty will be quite high. The
important role of interactive learning in physics is to
improve student learning outcomes, train critical
thinking skills, deepen understanding of concepts and
make learning more interesting. The advantages of
digital learning is in flexibility such as the learning
process can be carried out even though it is not face-
to-face, reducing learning hours and types of media
that utilize sophisticated digital tools. While the
disadvantages have an impact on students' lifestyles
which can become dependent on digital learning
media and because it’s using the internet network,
which requires costs and a strong signal because not
all areas have a strong network connection.

The implication of this research is to show the trend
of publication of digital learning topics so that future
researchers can show more benefits related to these
topics. With this article, researchers can find out the
strengths and weaknesses of digital learning topic and
can find updates for future research. The limitation of
the study is that some research results at Scopus are
limited to full access. More intensively, further
research can be carried out by comparing other
learning systems applied in physics learning.
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