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 ABSTRACT 

 
The use of computing tools has provided support for learning science content and 
assisted students in understanding modern science experiences. Therefore, students 
must have an understanding on how computation could be useful for supporting 
science learning goals. In other words, students need a new skill to fulfil the tasks, that 
is computational thinking. This study aims to determine the development of research 
on computational thinking in science education through a bibliometric approach using 
the VOSviewer application. The article data was obtained from the Google Scholar 
database. The application used to obtain the article data was Publish or Perish. The 
keyword used to search for articles is "Computational Thinking in Science Education". 
344 articles that were considered relevant to these keywords were found. The articles 
used were articles published in the last 10 years (2013 – 2022). The findings showed 
that the research on this topic decreased from 57 studies to 13 studies after 2020, and 
it became very popular in 2020. Furthermore, the research on computational thinking 
in science education still has a high enough chance to be carried out. We examined 
how many articles had been published about computational thinking in science 
education and its relation to problem areas using VOSviewer. We hope that this 
research can be a starting point for research related to other fields.  
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1. Introduction 
 

The computer revolution has had a significant impact on how scientists think about science, 
experiments, and research [1-4]. This revolution has changed science with the possibility of new 
discoveries enabled by information technology.  

Over the last few decades, scientific inquiries have become increasingly computational. As a 
result, computing has become a crucial aspect of many disciplines, particularly science, technology, 
engineering, and mathematics (STEM) [5-10]. Furthermore, advances in computing have led to 
fundamental changes in how scientific research is carried out. With computational tools, scientists 
can expand the problem space of scientific inquiry and enable them to investigate "big challenges" 
in science [11].  
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The use of computing tools has provided support for learning science content [12,13] and assisted 
students in understanding modern science experiences [14]. Therefore, students must have an 
understanding on how to use, design, and evaluate computational tools effectively for science and 
how computation could be useful for supporting science learning goals [15,16]. In other words, 
students need a new skill to fulfil the tasks, that is computational thinking. 

The term computational thinking is important [17,18]. It was first coined in 1980 in a discussion 
of the potential impact of computers on the way people think and learn. Computational thinking was 
first described as an umbrella. The term refers to the set of computational ideas that people use to 
represent their work through the design of computer hardware systems, software, and computation. 
It was later referred to as the procedural and probabilistic thought process of defining relationships 
between problems, solutions, and data arrangement [19]. Furthermore, computational thinking 
became more widely accepted after a viewpoint in Communication of the ACM. In his early writings, 
he stated that computational thinking involves solving problems, designing systems, and 
understanding human behaviour, by drawing on concepts fundamental to computer science [20]. In 
another paper, computational thinking is a thinking process for formulating problems and presenting 
solutions in a form that can be carried out effectively by information processing agents [21]. 

Although researchers and practitioners currently define computational thinking [22-24], there is 
no consensus on a formal definition of computational thinking [25-27]. Even so, several researchers 
and education practitioners have tried to integrate computational thinking into learning, which has 
been carried out from the elementary level to tertiary institutions [12,25,28,29]. Little research has 
been conducted on the implementation of computational thinking in science learning in K–12 
classrooms [19]. To find out how many research results are related to computational thinking in 
science learning, VOSviewer software analysis is carried out to find out the mapping of the required 
data. 

VOSviewer is a software that visualizes data set with bibliographic field [30]. VOSviewer is utilized 
in the realm of research for bibliometric analysis, seeking themes that can still be explored, and 
showing the more widely used references in certain domains [31]. 

There is an analytical technique that can be used to find out the development of research on the 
topic of computational thinking in science education, namely bibliometric analysis. Bibliometric 
analysis is a popular and rigorous method for exploring and analysing large amounts of scientific data. 
Through this method, we can open the screen of a certain field while highlighting the area that 
appears in that field [30]. Bibliometric analysis has gained great popularity in research in recent years. 
There are many studies on bibliometric analysis in the field of business [31-33], bibliometric analysis 
in STEM education [34-37], bibliometric analysis in environmental education research [38,39], 
bibliometric analysis on mathematics education research [40-42], and bibliometric analysis on 
science education [43,44]. However, research on computational mapping of bibliometric analysis on 
computational thinking in science education has not yet been carried out. Especially the bibliometric 
analysis for the last 10 years of research during the 2013-2022 period using the VOSviewer 
application. Detailed information for the bibliometric is shown in Table 1. 

Therefore, this research performed a computational mapping analysis of articles on 
computational thinking in science learning indexed by Google Scholar using the VOSviewer 
application. This research was conducted with the hope that it could be used as a reference to 
conduct and determine research topics, especially those related to the field of computational 
thinking in science education. 
 
  Table 1 
  Previous studies on bibliometric 
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No Title Ref. 

1 Involving Particle Technology in Computational Fluid Dynamics Research: A Bibliometric Analysis [45] 
2 Bibliometric Computational Mapping Analysis of Trend Metaverse in Education using VOSviewer [46] 
3 The Use of Information Technology and Lifestyle: An Evaluation of Digital Technology Intervention for 

Improving Physical Activity and Eating Behaviour 
[47] 

4 Strategies in language education to improve science student understanding during practicum in 
laboratory: Review and computational bibliometric analysis 

[48] 

5 How language and technology can improve student learning quality in engineering? definition, factors 
for enhancing students’ comprehension, and computational bibliometric analysis 

[49] 

6 Mapping of nanotechnology research in animal science: Scientometric analysis [50] 
7 Scientific research trends of flooding stress in plant science and agriculture subject areas (1962-2021) [51] 
8 Introducing ASEAN Journal of Science and Engineering: A bibliometric analysis study [52] 
9 A bibliometric analysis of chemical engineering research using VOSviewer and its correlation with Covid-

19 pandemic condition 
[53] 

10 A bibliometric analysis of materials research in Indonesian journal using VOSviewer [54] 
11 Bibliometric analysis of engineering research using VOSviewer indexed by google scholar [55] 
12 Bibliometric computational mapping analysis of publications on mechanical engineering education using 

VOSviewer 
[56] 

13 Research trend on the use of mercury in gold mining: Literature review and bibliometric analysis [57] 
14 Domestic waste (eggshells and banana peels particles) as sustainable and renewable resources for 

improving resin-based brakepad performance: Bibliometric literature review, techno-economic analysis, 
dual-sized reinforcing experiments, to comparison with commercial product 

[58] 

15 Bibliometric analysis of educational research in 2017 to 2021 using VOSviewer: Google scholar indexed 
research 

[59]  

16 Corncob-derived sulfonated magnetic solid catalyst synthesis as heterogeneous catalyst in the 
esterification of waste cooking oil and bibliometric analysis.  

[60] 

17 The compleat lextutor application tool for academic and technological lexical learning: Review and 
bibliometric approach. 

[61] 

18 Use of blockchain technology for the exchange and secure transmission of medical images in the cloud: 
Systematic review with bibliometric analysis.  

[62] 

19 Computational bibliometric analysis of research on science and Islam with VOSviewer: Scopus database 
in 2012 to 2022.  

[63] 

20 Digital transformation in special needs education: Computational bibliometrics.  [64] 
21 Particulate matter emission from combustion and non-combustion automotive engine process: review 

and computational bibliometric analysis on its source, sizes, and health and lung impact 
[65] 

 
2. Methodology  

 
This research was a bibliometric computational mapping analysis using VOSviewer software. 

Bibliometric mapping is an important research topic in the field of bibliometrics. Two aspects of 
bibliometric mapping could be distinguished: the construction of bibliometric maps and the graphical 
representation of such maps. In the bibliometric literature, most of the attention is given to the 
construction of bibliometric maps. Meanwhile, the graphical representation of bibliometric maps has 
received less attention [66]. This research focused on the graphical representation of bibliometric 
maps using VOSviewer. VOSviewer is a program developed for creating and viewing bibliometric 
maps. VOSviewer can display maps in many different ways, each emphasizing a different aspect. 
Detailed information for how to use bibliometric is explained elsewhere [67,68]. 

In this study, all article data used were articles indexed by Google Scholar. This was because 
Google Scholar indexation was an open access. An application called Publish or Perish was used to 
obtain data from the Google Scholar database. Publish or Perish was software that was used to 
conduct a literature review on a particular topic. In this study, we carried out a series of stages 
referring to reference [30,31] which included:  
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i. defining the aims and scope of the bibliometric study 
ii. choosing the technique for bibliometric analysis 

iii. collecting the data for bibliometric analysis 
iv. run the bibliometric analysis and report the findings. 

 
Data filtration was carried out using the keyword "Computational Thinking in Science Education". 

The articles used were articles published during the 2013-2022 period. Furthermore, the articles that 
had been obtained and met the criteria were exported into two file types, namely research 
information systems (.ris) and comma-separated value format (.csv). In the end, VOSviewer was used 
to visualize and evaluate trends using bibliometric maps.  

VOSviewer was used to create three variations of mapping publications, namely network 
visualization, density visualization, and overlayed visualization based on existing data. When making 
bibliometric maps, we used a minimum frequency of keywords three times. So that 212 terms were 
obtained and the irrelevant rest were eliminated. 

 
3. Results  
3.1 Publication of Data Search Results 

 
Based on search results from Publish or Perish on the Google Scholar database, 344 articles that 

met the criteria were obtained. The obtained data is shown in article metadata which consists of the 
author's name, title, year, journal name, publisher, number of citations, article links, and related 
URLs. Table 2 shows some examples of published data used in the VOSviewer analysis in this study. 
The sample data taken are the 10 best articles that have the highest number of citations. The number 
of citations of all articles in this study is 19727, with the number of citations per year of 1972.70. 
Furthermore, the number of citations per article is 57.35, with an average number of authors of 2.76. 
All articles used in this study had an average h-index of 72 and a g-index of 122. 

 
  Table 2 
  Publication data of computational thinking in science education 

No Author Title Year Cites 

1 Weintrop et al., 
[14] 

Defining computational thinking for mathematics and science classrooms 2016 1470 

2 Osborne [69] Teaching scientific practices: Meeting the challenge of change 2014 721 
3 Angeli et al., [70] A K-6 computational thinking curriculum framework: Implications for 

teacher knowledge 
2016 506 

4 Sullivan and Bers 
[71] 

Robotics in the early childhood classroom: Learning outcomes from an 8-
week robotics curriculum in pre-kindergarten through second grade 

2016 471 

5 English [72] Advancing elementary and middle school STEM education 2017 402 
6 Wing [73] Computational Thinking’s influence on Research and education for All 2017 263 
7 Jaipal-Jamani and 

Angeli [74] 
Effect of robotics on elementary preservice teachers’ self-efficacy, science 
learning, and computational thinking 

2017 250 

8 Leonard et al., [75] Using robotics and game design to enhance children’s self-efficacy, STEM 
attitudes, and computational thinking skills 

2016 250 

9 Papadakis et al., 
[76] 

Developing fundamental programming concepts and computational 
thinking with ScrachJr in preschool education: a case study 

2016 240 

10 Erduran et al., [77] Research trends on argumentation in science education: A journal content 
analysis from 1988-2014. 

2015 227 

3.2 Development of Research in the Field of Computational Thinking in Science Education 
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Figure 1 shows research developments in the field of computational thinking in science education 
published in Google Scholar-indexed journals. Based on the data shown in Figure 1, it can be seen 
that the number of studies on computational thinking in science education is 344. Based on the 
number of publications, it can be seen that research on computational thinking in science education 
is still relatively small each year. Its development looks quite fluctuating. Based on Figure 1, it can be 
seen that from 2020 to 2022, the development of research related to computational thinking in 
science education has decreased. This decline can be seen in the number of publications in 2020, 
which went from 57 to only 13 in 2022. This shows that interest in research on computational thinking 
in the science learning field is decreasing. 

 

 
Fig. 1. Distribution of publication numbers of computational thinking in 
science education 

 
3.3 Visualization of Computational Thinking in Science Learning Topic Area using VOSviewer 

 
In this study, computational mapping was also carried out using the VOSviewer application. Based 

on the obtained data, VOSviewer can display maps in three different ways: network visualization, 
overlayed visualization, and density visualization. In network visualization, items are shown with 
labels, and by default, they are shown with circles. The more important an item is, the larger the label 
and circle will be. And to distinguish one cluster from another, each label is displayed in a coloured 
circle (see Figure 2). 
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Fig. 2. Network visualisation of computational thinking in science 
education keyword 

 
Based on the results of the mapping, 212 items were found. The items found and related to 

computational thinking in science education are divided into 12 clusters marked with coloured 
circles, namely red, green, blue, yellow, purple, sky blue, orange, brown, pink, dusty pink, light green, 
light sky blue, and goldenrod. Each cluster has a function to describe the relationship between terms, 
and each cluster describes the relationship between two or more terms [77,78]. 

In this study, 13 clusters were obtained and are visualized in Figure 2. The 13 clusters are: 
 

i. Cluster 1 consists of 29 items marked in red. These items are acm, algorithmic thinking, 
art, association, computational modelling, computational thinking, computer, context, 
creative thinking, creativity, critical thinking, effect, element, elementary school student, 
influence, language, literacy, literature, math, pair programming, part, primary school 
student, problem, representation, science learning, self-efficacy, teaching, type, and 
world. 

ii. Cluster 2 consists of 28 items marked in green. These items are assessment, 
computational thinking skill, ctl, curriculum, development, early childhood classroom, 
early childhood education, educational robotic, examination, experience, game design, 
implication, lesson, need, outcome, paper, project, robotic, robotics, scale, stem, stem 
attitude, style, teacher education, term, validation, and young child.  

iii. Cluster 3 consists of 25 items marked in blue. These items are activity, article, artificial 
intelligence, chemistry, complex system, connection, data, disciplinary perspective, 
discipline, effectiveness, engineering, engineering practice, high school student, journal, 
mathematics education, opportunity, practice, researcher, science education, science 
education research, scientific practice, special issue, technology, visual representation, 
and young student.  

iv. Cluster 4 consists of 23 items marked in yellow. These items are abstract, abstraction, 
action, adult education, area, attention, case study, computational thinking development, 
decade, e-learning, early childhood, ict, interest, learning, nature, programming, science 
teaching, scratch, secondary education, subject, teacher, understanding, and use. 
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v. Cluster 5 consists of 20 items marked in purple. These items are approach, argument, 
attitude, difficulty, evidence, explanation, field, information, integration, mathematics, 
metacognition, physics, preschool child, process, robot, school, solution, step, strategy, 
and systematic review. 

vi. Cluster 6 consists of 19 items marked in sky blue. These items are analysis, argumentation, 
classroom, cognition, computational, design thinking, improvement, inquiry, order, 
pedagogy, professional development, research trend, science, software education, steam 
education, study, sw education, trend, and university. 

vii. Cluster 7 consists of 16 items marked in orange. These items are addition, child, coding, 
definition, everyone, exploration, fundamental skill, idea, lack, modelling, research, 
scientist, set, tool, wing, and writing. 

viii. Cluster 8 consists of 15 items marked in brown. These items are application, computer 
science, computer science education, computing, concept, country, education, example, 
motivation, perspective, pre-service teacher, primary school, service, software education 
program, and view. 

ix. Cluster 9 consists of 11 items marked in pink. These items are 21st century, acm inroads, 
case, computational thinking skills, computer science education community, game, http, 
impact, org, role, and scrachjr. 

x. Cluster 10 consists of 10 items marked in dusty pink. These items are ability, block, 
computational thinking ability, computational thinking performance, middle school, 
program, relationship, student, way, and year. 

xi. Cluster 11 consists of 8 items marked in light green. These items are artificial intelligence 
education, environment, framework, importance, learner, multiple representation, skill, 
and stem education. 

xii. Cluster 12 consists of 5 items marked in light sky blue. These items are computational 
experiment, implementation, model, physical computing, and simulation. 

xiii. Cluster 13 consists of 3 items marked in goldenrod. These items are engineering 
education, and system, thinking. 

 
Figure 3 shows the overlay visualization. In the network visualization view, labels represent items 

in the same way. The lighter the colour, the newer the research. It also implies the novelty of a 
research topic. According to the findings, the majority of computational thinking research was 
conducted during 2018 and 2019. It is also clear that research on the topic has slowed since that year. 
This could be an opportunity to do more research in this area. 
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Fig. 3. Overlay visualisation of computational thinking in science education 
keyword 

 
Figure 4 shows the density visualization related to the research topic of computational thinking 

in science education. Every circle on the map has a colour, with different densities and items in the 
circles. The colour of the map represents the number of items around the circle. Density visualization 
is very useful for getting an overview of the general structure of the map and for drawing attention 
to the most important areas of the map [66].  

 

 
Fig. 4. Density visualisation of computational thinking in science education keyword 

 
Density visualization states that the brighter the yellow colour and the larger the diameter of the 

circles on the term labels, the more often these terms appear [79]. This indicates that many studies 
have been conducted with these terms. Vice versa, if the colour of a term fades, then the number of 
studies on that term is still small. Based on the results of Figure 4, it can be seen that research related 
to computational thinking is a research topic that has been widely studied. 
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Figure 5 only show terms related to the topic, namely computational thinking. Based on the Figure 
5, the network visualization shows that the theme of computational thinking is in cluster 1 with 210 
links, 2860 total link strength, and 456 occurrences. Besides, in Figure 5, the keywords within the 
shinning zones appear the most recent investigative trends. In the interim, keywords within the dim 
zone appear investigative patterns that have been investigated for a long time [80].  

 

 
Fig. 5. Network visualization of the term computational thinking (cluster 1) 

 
Figure 6 only displays terms related to the topic, namely “computational thinking skill”. Based on 

Figure 6, the term “computational thinking skill” is in cluster 2. “Computational thinking skill” is 
associated with 79 other terms with a total link strength 255, and an accuracy of 38. 
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Fig. 6. Network visualization of the term computational thinking skill (cluster 2) 

 
Therefore, the terms of “science education” displays in Figure 7. The term “science education” in 

in cluster 3. “Science education” is associated with 174 other terms with a total link strength is 1011, 
and an accuracy of 122. 

 

 
Fig. 7. Network visualization of the term science education (cluster 3) 
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Computational thinking is a thought processes involved in formulating problems so their solution 
can be represented as computational steps and algorithms. Computational thinking has a trending 
topic in science education. The study results indicates that the computational thinking has a good 
influence and impact on science education. Research on computational thinking in science education 
continues to increase from year to year. This show that the computational thinking continues to be 
developed and integrated into science education. This has a significant impact that the computational 
thinking will occur on a large scale and affect the application of education. This study can give 
additional information for understanding research trend using bibliometric analysis. 

 
4. Conclusions 

 
This study aims to perform a computational analysis of bibliometric data from research articles. 

The publication topic is computational thinking in science Education. The articles used were taken 
from the Google Scholar database using the Publish or Perish software. Library data taken in this 
study include titles and abstracts. Based on the results, a total of 344 relevant articles have been 
published between 2013 and 2022. The findings reveal that research on computational thinking in 
scientific education increased from 2012 to 2020, but fell from 2020 to 2022. In addition, it appears 
that the research topic of computational thinking in science education is directly related to the theme 
of science learning. 
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