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Abstract—The use of mobile technologies in education has appealed consid-
erable interest and attention from educators and researchers in the last decade.
Nonetheless, the effects of mobile learning on students’ learning outcome in sci-
ence education are still ambiguous. The time and place flexibility, ubiquity and
easy accessibility of mobile devices are among the features that make them val-
uable in m-learning, especially in science education, at present times. Despite the
large number of researches conducted, no bibliometrics study has been carried
out in this topic so far. The aim of this review is to assess the progress of inter-
national publications in the area of science education and mobile learning. This
content analysis review shows the trends in publications regarding mobile learn-
ing and science education researches indexed in Web of Science database be-
tween years 2004-2019. Out of 57 documents related to the topic of interest found
in the database of Web of Science, the results demonstrate that the publication
frequency has increased after 2012 where the most productive year was 2016.
Most of the published documents were proceedings papers and original articles.
Taiwan and United States are the countries with most work published where Pa-
kistan, Taiwan and China are the countries that funded the most scientific re-
search. The top journal involving the publications associated with this topic is
Computers & Education journal. A more comprehensive criteria has been used
in this content analysis which has interpreted in detail. This study can provide a
much clear picture of the field to researchers, educational leaders and funders to
incorporate new understandings into their research.
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1 Introduction

Technological innovations are influencing every aspect of our lives and the contin-
uous advances in technology is changing the way we learn. As the popularity of mobile
devices increases, their connection with our day-to-day life increases. Different inno-
vative features are continually optimizing our lives and making them easier as they
become available with every new version of mobile devices. Together with the advanc-
ing technology, education has also encountered several developments [1]. Many edu-
cators and researchers have been encouraged by these advances to employ mobile de-
vices in order to improve teaching and learning [2]. There is a great potential in utilizing
mobile technologies to change the way students learn by transforming a conventional
classroom to one that is more engaging and interactive [2]. It provides educators the
ability to teach without the restriction of time and place, allowing learning environment
to extend beyond classroom and the school time [3]. This grants educators the ability
to bond with students on a more personal level with the devices they use on a daily
basis hence making learning more personalised and customised [4].

The fast development in the technology world has created multiple new ways to un-
derstand ubiquitous learning [5]. This has induced a new concept into the distance
learning area; mobile learning (m-learning) which can be defined as “learning through
content and social interactions across multiple contexts using personal mobile devices”
[6]. Given the widely adopted use of mobile devices in the field of education, the re-
search and studies on m-learning is fast increasing [7][8]. Therefore, with the raised
interest in mobile learning over the last 10 years, dedicated literature reviews have been
carried out in several studies with the purpose to apprehend certain aspects of the field
[91[10][11]. In this past decade, a substantial amount of initiatives has been initiated
with the objective to use mobile technologies and applications for educational purposes.
For example, some studies focused on mobile learning games and apps [2][12][13]
while others focused on computer aided collaborative m-learning [14]. Each research
has contributed significant information for academics to improve the understanding on
the use of mobile technologies in educational context [15].

Latest technologies, especially mobile devices, hold the potential to revolutionize
teaching and learning in science [16]. The practice of science learning usually follows
investigative approaches, which incorporate open-inquiry methods that are under-
pinned by socio-cultural theory and social constructivism [17][18][19]. Granted that
mobile learning in science through mobile devices fit well within the socio-cultural
perceptions and the framework of pedagogical affordances of m-learning which are
classified as personalisation, authenticity and collaboration [18][20], it is of interest to
explore the research that has been done about their use in science learning. In science
education, blending technology with education can bridge scientific environment and
learning in classroom. M-learning can offer a more realistic framework for lab-based
investigation or form an informal and personal learning episode “in situ” that can be
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used as a resource to incorporate as formal learning in schools [18]. Mobile devices
might mediate and help reshape the boundaries between the contexts of formal and in-
formal learning [21]. Digital technologies in the classroom have been encouraged in
science as part of an information delivery system to promote active learning and
knowledge construction for several purposes, from instructional delivery tools to learn-
ers’ presentations, communication and research [ 18][22][23]. Merging technology with
education is quite important to improve learning more and it is also necessary to support
it by developing creative solutions with new technological innovations, which should
be assessed regularly on how valuable and constructive technology is for education
[24][25].

Even though there has been numerous research synthesis of some valuable studies
on mobile learning, some areas still require further exploration. For instance, the solid
potential of exploiting mobile learning in science education should be examined more
due to various facets that make it quite suitable to the affordances of mobile technology
[2]. There is no doubt that most of the science content happens outside the class and
perhaps can be better understand when studied in its “in situ” in other words, its natural
environment, while the remainder of the science content is quite hard to observe with
the bare eye and needs graphical visualisations for the learners to be able to comprehend
the subject fully. Furthermore, a deeply engaging experience is required to completely
understand scientific system models that demonstrates the interaction between varia-
bles.

With the abilities equipped by the newer devices, such as to display and demonstrate
interactive, three dimensional (3D) visuals and simulations, the unique aspects of sci-
ence learning are far better supported [2]. Nevertheless, there have been very few re-
views of research carried out regarding mobile learning in science on the Web of Sci-
ence database to date, let alone any reviews of the content analysis. Therefore, an ex-
tensive content analysis of the findings are required in order to better understand the
researches carried out regarding the mutual relationships between science education
and mobile learning. The aim of this study is to conduct a review of the published work
on mobile learning in science education including biology, chemistry and physics edu-
cation. This work would assist educators and researchers to enhance the comprehension
of the ways in which m-learning is being used in science education. The information
collected from reviews would enable them to evaluate their own methods of teaching
in the light of content analysis concerning the research conducted on the usage of mo-
bile devices in science education and would allow them to build and integrate their
novel ideas into their own work. This analysis would also be in benefit for the funders,
policy makers and educational leaders as well as researchers and teachers as the extent
of studies to date in the relevant topic are analysed and clarified. The results can help
in making arrangements to support further research and help allocate the necessary re-
sources.

The researchers reviewed the Web of Science database as a way of analysing the
work published that has been carried out so far to gain an understanding of the scope of
the research activity in the use of mobile learning in science. This will provide an ex-
tensive and reliable picture of the topic being reviewed [26]. This review was guided

6 http://www.i-jet.org



Paper—Science Education and Mobile Learning: A Content Analysis Review of the Web of Science...

with the primary question, what research has been published regarding the use of mo-
bile learning in science education from 2004 to 2019 on the Web of Science database?

2 Method

2.1 Research model

The research model used in this review is content analysis which is amongst the most
frequently used qualitative research methods. The purpose of using this method is to
reveal the facts behind the historical and current situation of the field of interest and
provide more clarity for the data collected through this bibliometrics analysis.

2.2 Data collection

The data of the study were obtained by searching Web of Science database covering
articles published from 2004 to 2019. The data base was searched with the keywords
“science education” and “mobile learning”. However, related terms were used in order
to create a more comprehensive review such as “biology education”, “chemistry edu-
cation” and “physics education”, but the results showed the same documents. The figure
below shows the search page of Web of Science for our topic.

¢ 2 Clarivate
Web of Science 7 naies
Search Tools v Searchesandalerts v  Search History Marked List
Results: 57 Sortby: Date I TimesCited UsageCount Relevance  More v 4 1 of6»

(from web of science Core Coflection)

You searched for: TOPIC: ("science
education”) AND TOPIC: ("mobile lear Select Page G Export. Add to Marked List ¥l Analyze Results

ning") ...More Ll Create Citation Report

B createnler 1. Examining the Uses of Student-Led, Teacher-Led, and Collaborative Functions of Mobile Technologyand ~ Times Cited: 0
Their Impacts on Physics Achievement and Interest (from Web of Science Core
Collection)
X By: Zhai, Xiaoming; L, Min; Chen, Siwei
Refine Results JOURNAL OF SCIENCE EDUCATION AND TECHNOLOGY Volume: 28 Issue:4 Pages: 310-320 Published: AUG Usage Count ™~
2019
Full Text from Publisher  View Abstract
2. From reflecti ion to active learning: A learning approach for Times Cited: 0
environmental science education (from Web of Science Core
Collection)
Filter results by: By: Cheng, Shu-Chen; Hwang, Gwo-Jen; Chen, Chih-Hung
BRITISH JOURNAL OF EDUCATIONAL TECHNOLOGY Usage Count~
3 Openiccess ) [ Early Access: JUL 2019
eiine Full Text from Publisher  View Abstract
Dbl tionYoars N 3. Mobile learning for science and hool education: A systematic review of empirical Times Cited: 6
evidence (from Web of Science Core
2019(2) Collection)
) By: Bano, Muneera; Zowghi, Didar; Kearney, Matthew; et al
e COMPUTERS & EDUCATION Volume: 121 Pages: 3058 Published: JUN 2018 Usage Count~
016014 Full Text from Publisher  View Abstract
2015(6)

Fig. 1. Science Education and Mobile Learning search page

2.3 Data analysis

In the data analysis part, a criteria for the content analysis was determined to review
the documents published. This criteria includes:
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Year of publication
Type of documents
Funding agencies
Authors

Source titles
Research area
Countries
Language
Organizations

3 Results

The results were analyzed and interpreted under 9 different categories based on a
total number of 78 published documents obtained from Web of Science database. The
evaluation has been made according to the criteria-based content analysis where the
relevant literature research has been undertaken to discuss the data.

3.1  Trends in the published documents based on the publication year

16
14
12

10

Number of Published Documents
[0)¢]

Fig. 2. Distribution of the Published Documents between years 2004-2019

The Figure 2 illustrates the distribution of the published documents on science edu-
cation and mobile learning including the subject areas biology, chemistry and physics
between the years 2004-2019 based on Web of Science database. As It can be seen from
the figure above that there were not many publications in this subject from 2004 to 2011

8 http://www.i-jet.org



Paper—Science Education and Mobile Learning: A Content Analysis Review of the Web of Science...

where the total number of publications made within this 8 year period is only 4 (1 in
2004, 2 in 2007 and 1 in 2010). There were no publications in 2005, 2006, 2008, 2009
and 2011. However, following 2012 the number of publications increases gradually
where the number of documents published peaks in 2016 with 14 publications.

3.2 Assessment of the published documents based on the type of document

Table 1. Distribution of the number of documents published based on the type of document

Document Type No. of Documents %
Proceedings Paper 31 54.39
Article 24 42.11
Review 3 5.26
Book Chapter 2 3.51
Early Access 1 1.75
Total 61 100

As the Table 1 shows, more than half of the published work consist of proceedings
papers with 31 documents out 61 documents (54.39%), followed by 24 articles making
up 42.11% of the documents published. Therefore, it can be said that the preferred pub-
lication types for authors is proceedings papers and research articles compared to other
forms of documents (i.e. review, book chapter or early access).

3.3  Assessment of the published documents supported by funding agencies

Table 2. Distribution of the published scientific documents sponsored by funding agencies

Funding Agencies No. %

Higher Education Commission Pakistan 2 3.51%
Aim for The Top University Project At The National Taiwan Normal University 2 3.51%
Australian Research Council 1 1.75%
California Discovery Grant (US) 1 1.75%
Chinese Scholarship Council 1 1.75%
Committee on Research And Development of The Education University Of Hong 1 1.75%
Kong

E-campus Ontario (Canada) 1 1.75%
European Union (EU) 1 1.75%
FEDER Funds through the Compete Operational Programme for Competitiveness and 1 1.75%
Internationalisation (POCI)

The Table 2 shows the number of published scientific documents that was sponsored
by funding agencies. The most scientific work was funded by Higher Education Com-
mission (HEC) Pakistan and Taiwan's Aim for the Top University Program where each
institution funded 2 research work comprising 3.51% of the documents. The rest of the
institutions displayed were only funded 1 research work in the relevant subject area so
far. There are 28 more different funding agencies which were not displayed in the table.
Furthermore, 36 records (63.158%) do not have any data in the field being analyzed.
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3.4  Assessment of the published documents based on authors
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Fig. 3. Distribution of the published documents based on authors

Figure 3 represents the top 10 authors who has significant work published in the
subject area where 154 Authors has value(s) outside the display options. It can be seen
that the most work has been published by the authors Ahmed S. and Looi C. K. with
each author having 4 publications in the relevant subject area. However, the trend re-
mains constant when looked at the other authors.

3.5 Assessment of the published documents based on source titles

Table 3. Distribution of the published documents based on the source titles

Source Titles Record Count %
Computers & Education 6 10.53%
INTED Proceedings 4 7.02%
International Educational Technology Conference 3 5.26%
Lecture Notes in Computer Science 3 5.26%
Procedia Social and Behavioral Sciences 3 5.26%
Communications in Computer and Information Science 2 3.51%
EDULEARN Proceedings 2 3.51%
Frontiers In Education Conference 2 3.51%
IEEE Global Engineering Education Conference 2 3.51%
Others 30 52.63%

The top 10 source titles associated with the topic of science education and mobile
learning obtained from the Webs of Science database is shown in Table 3. The other 49
source title values are outside of the display option. It can be seen from the figure that
most research work has been published in the Computers & Education Journal

10 http://www.i-jet.org



Paper—Science Education and Mobile Learning: A Content Analysis Review of the Web of Science...

comprising 10.53% of the data. The result is then followed by International Technology
Education and Development Conference (INTED) Proceedings with 4 publications
(7.02%).

3.6  Distribution of the published documents based on the countries

Distribution of the top 10 countries by the number of published scientific papers in
Web of Science database is shown in the Figure 4. The data for 18 other countries which
have published scientific work associated with the subject is not displayed as all the
other countries have only 1 published document. According to the figure, the results
illustrate that USA and Taiwan are the top 2 countries with the most scientific work
conducted and published in science education and mobile learning area with 9 publica-
tions in each country. China, Singapore, Canada, Greece, Malaysia and Pakistan are
among the countries with high number of publications. Hence, it can be seen from the
chart that Asia is the region with the highest number of published documents in the
field analysed.

BULGARIA
AUSTRALIA
PAKISTAN
MALAYSIA
GREECE
CANADA
SINGAPORE
CHINA

USA
TAIWAN

Country

4 6 10

Number of Published Documents

o
N
(o]

Fig. 4. Distribution of the number published documents based on the countries

3.7 Distribution of the published documents based on the language

All the documents found in the Web of Science database associated with the subject
of interest “science education and mobile learning” are in English. There weren’t any
other documents published in any other languages.

iJET — Vol. 14, No. 22,2019 11



Paper—Science Education and Mobile Learning: A Content Analysis Review of the Web of Science...

3.8 Distribution of the published documents based on the research area

Number of Documents Published in Different
Research Areas
2 211 = EDUCATION/EDUCATIONAL

RESEARCH
= COMPUTER SCIENCE

= ENGINEERING
TELECOMMUNICATIONS
a7 = SCIENCE TECHNOLOGY
= BIOCHEMISTRY &

MOLECULAR BIOLOGY
= CHEMISTRY

Fig. 5. Pie chart representing the distribution of the published documents based on the research

arca

The amount of scientific work carried out in different fields of research has been
investigated within the scope of this research from the database of Web of Science and

the results are displayed in Figure 5.

As the results indicate, the most publication regarding mobile learning in science
education is carried out in the research area of Education/Educational Research with 47

published scientific papers.

This is followed by 24 published documents in Computer Science. However, the
frequency of publication is very minor in the Life Sciences field including Chemistry,

Biology, Biochemistry, Molecular Biology and etc.

12 http://www.i-jet.org



Paper—Science Education and Mobile Learning: A Content Analysis Review of the Web of Science...

3.9 Distribution of the published documents based on the organisation
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Fig. 6. Distribution of the published documents based on the organisation

The Figure 6 shows the distribution of the amount of scientific documents published
as regards to the organisation. 60 organisations not included in the display due to insig-
nificant publication frequency. The top 2 organisations with the most number of publi-
cations in this subject area are National Taiwan University of Science and Technology
and Nanyang Technological University, each university having 4 publications. The
publication frequency is then followed by Bahria University with 3 publications.

4 Discussion

This review examined the studies concerning mobile learning in science education
published in Web of Science between the years 2004-2019 to show the rate of interest
in mobile science learning and how many studies have been conducted to help under-
stand the educational necessities needed in this area. With the mobile technologies de-
veloped, it has become much more easier to show examples that were impossible to
demonstrate in the classroom to the students [27][28]. This work can provide an up-to-
date analysis for future researchers to build on and reference their work and put more
to the knowledge about science education and mobile learning.

According to the Figure 2, The publication frequency on the topic mobile science
education including biology, chemistry and physics education has increased following
2012 as the interest in mobile learning area increases day by day with advancing tech-
nologies where the highest number of documents published is in 2016 with 14 publica-
tions. This might be due to the fact that mobile learning has become more accessible
for learners all over the world [29][30]. Moreover, interest of educational researchers
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in more progressive mobile pedagogical approaches may have influenced researchers
to conduct studies in which more authentic and social approaches were used [19].

The results show that the most published document types in the field of mobile learn-
ing in science education are proceedings papers and research articles compared to re-
views and other forms of documents. This indicates that there hasn’t been much syn-
thesis of the researches that has been done in this particular area to reflect the under-
standings regarding the use of mobile technologies in science education which can be
useful to enable new understandings or new concepts of the data to arise. Although,
useful and novel ideas can be gained from both proceedings and journal articles, re-
views can ensure findings from original studies to contribute to a superior understand-
ing of the area.

Leading countries have the potential and research capabilities to greatly influence
future directions in principal scientific fields by identifying and supporting emerging
topics. Moreover, research areas financed by the leading countries in scientific research
not only influence the research interests of investors and scientists but also direct fund-
ing priorities of other developing countries [31]. The funds provided by top 3 leading
countries in scientific research, the US, China and Germany [32], has even more influ-
ence. Publications supported financially by these countries appear more frequently in
esteemed journals which naturally receives more attention and generates more recogni-
tion [31]. The most scientific research published sponsored by funding agencies belong
to Pakistan, Taiwan and China. Therefore, more of these leading countries should fund
research regarding mobile learning in science education. With more work supported by
funding agencies, more research can be initiated in this area. With that being said, the
United States and Taiwan appear to have the most scientific work conducted and pub-
lished in the area of mobile learning and science education followed by China and Sin-
gapore. A relatively small amount of countries were responsible for the most research
published mainly in the Asia region. It also appears that the topic of science education
through mobile learning is not under the attention of European countries. Even though
there are researchers and authors contributing studies from all around the world, there
is not any established author specialised in this topic as the analysis results of the pub-
lished documents based on authors are very persistent, in which most authors having
maximum amount of two papers in this field.

Even though most research regarding the topic have been conducted in countries
whose main language is not English, all the papers published are in English which show
the importance of international recognition and to reach a bigger academic audience.
This can also be interpreted as, publication metrics hence publication in prestigious
indexes, such as the Science Citation Index (WoS) in which 2/3 of the journals included
publish in English, are key measures for global rankings of universities [33]. When
looked at the sources of the published documents, where the researches related to our
topic of interest have issued, it can be seen that the most of the studies have been pub-
lished on platforms that promote international education in the field of technology and
science to increase the knowledge on digital technology to improve education. Among
the top 10 sources, Computers & Education journal has the lead with 6 published arti-
cles. However, majority of the studies were not published in high quality and high im-
pact international journals but rather they have been published as conference
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proceedings which does not attract much worldwide attention to the topic. Educa-
tion/Educational research was the leading subject area among the published documents
followed by Computer Science which refers to the interests of using technological in-
novations as a novel way to improve learning in education through mobile devices.
There is considerable interest from educators and technical developers in exploiting the
unique capabilities and characteristics of mobile technologies to enable new and engag-
ing forms of learning. The leading organisations that contribute to the research publi-
cation in this field are National Taiwan University of Science and Technology and Nan-
yang Technological University. For example, Nanyang Technological University offers
grants to encourage research projects on technological based innovative strategies aim-
ing to improve student learning [34].

5 Conclusion

Researches published in Web of Science database between 2004-2019 have been
screened. Looking at the results as a whole, it can be said that there is an escalating
interest in using mobile devices in science education. The results showed an ascending
trend in international publications on researches associated with mobile learning and
science education. The trend was in line with the development of novel technologies in
mobile learning and its transformation to use it for the improvement of students’ learn-
ing outcome in science education including the fundamental branches biology, chem-
istry and physics. The majority of the research published are articles and proceedings,
with quite low amount of reviews where Taiwan and the United States are among the
top countries with the most published work. An interesting observation was that there
wasn’t much attention from European countries on the topic of science education via
mobile learning. Such comprehensive picture of the topic can be valuable for research-
ers, educational leaders, funders and policy makers as these analyses can provide an
insight into the recent publication activity. However, this study was only limited to the
database of Web of Science so further research has to be carried out to analyse the other
academic databases. Furthermore, other content analysis criteria should be included in
future research involving sample groups, research method, mobile devices used and
citation number.
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