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Abstract. The important role of Computational Thinking in the learning process
has encouraged many studies that use this concept as a key variable. The aim of
this research is to analyze publication trends as well as the novelty of keywords
related to Computational Thinking. Using software such as RStudio and
VOSviewer, analysis was carried out on 243 documents collected from Scopus
based on relevant keywords. From the analysis results, it can be concluded that
there were only 31 articles published on the topic of Computational Thinking in
Schools between 2008 and 2016, but that number more than sevenfold increased
to 209 publications between 2017 and 2022. Lecture Notes in Computer Science
(Including Subseries Lecture Notes in Artificial Intelligence and Lecture Notes
in Bioinformatics) (SJR 2022 = 0.32) is the source with the highest h-index.
English (2017) research on STEM education in elementary and middle schools
is the most influential based on number of citations. From the results interpreted
with VOSviewer, there are seven color clusters for Computational Thinking
research with various research focuses. By looking at the overlay visualization,
research on early childhood education has not directly involved other variables
such as integration, systematic review, motivation, and relationships. Thus, this
is a gap that can enable researchers in this field to carry out further research.
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1 Introduction

Rapid advances in technology and science have rapidly changed lifestyles and the
global order, including in the context of education [1]-[4]. One of the professional
skills that is very important in the 21st century, especially in the educational context,
is Computational Thinking (CT) [5]-[7]. CT-based education helps students develop
problem-solving, data analysis, modeling, and algorithmic thinking skills, thereby
helping them solve complex problems, design systems, and understand human
behavior based on computer science [8]-[10].

Computational thinking is part of the process that includes abstracting, describing,
algorithmic thinking, evaluating, and generalizing [11]. This is needed in school
learning because of its contribution in developing students' abilities to understand and
solve complex problems, as well as helping them face the demands of increasingly
rapid technological developments in the modern era. Thus, the importance of
Computational Thinking is because now it has become a part that must be
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implemented in schools, this is due to the increasingly important role of
computational thinking in preparing students to face challenges in the era of
information technology that continues to develop [12].

In education, the application of Computational Thinking (CT) is very dependent on
the role of teachers as educators who have an important role in integrating CT into the
learning process, with the possibility to collaborate with fellow teachers who have
expertise in CT [13], [14]. Thus, CT is very important because of its significant
contribution in preparing students to face the challenges of information technology
which continues to develop in the modern era. Research in the field of Computational
Thinking (CT) in schools is developing very quickly. The growth of research in the
field of engineering can be followed by a type of analysis known as bibliometric
analysis. This analysis can be used to identify the number of scientific publications
about CT.

Research on Computational Thinking has developed significantly in the school
environment, and has become an important variable in many studies. To understand
the novelties and emerging trends in this field, the researcher plans to conduct a
bibliometric analysis using two main tools: Biblioshiny and VOSviewer. These tools
will be used to explore and visualize scientific publication data in depth, so as to
identify patterns, collaborative relationships, and emerging topics frequently
researched in the academic literature on Computational Thinking.

2 Method

This bibliometric research was carried out with the aim of evaluating previous
academic work that has been carried out in the context of using Computational
Thinking in Schools Research. The first step in this research is to compile a complete
list of publications that have the potential to become research samples [15]. This
research is quantitative and descriptive, with a focus on the development of
Computational Thinking in schools as well as publication distribution patterns in
Scopus based on research affiliation, research themes and scientific journals [16]. For
data analysis, reduction, visualization and mapping, the Bibliometrix R and
BiblioShiny tools were used, as well as VOSviewer via R-Studio for overall article

mapping [17].
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Stage 1: Search Criteria

Keywords: Stage 2: Database Selection
Computational Thinking; Scopus Database
Schools;

Stage 4: Data Analysis
Software: RStudio,
VosViewer

Stage 3: Data Collection
n =243 documents

Stage 5: Results
Description the Analysis

Fig. 1. Stage of bibliometrics about computational thinking in schools

This research emphasizes the importance of scientific resources related to
Computational Thinking in schools. The use of the keywords “Computational
Thinking” and “School” helps ensure the relevance and focus of the research.
Through a search in the Scopus database, 243 relevant documents were obtained.
Document evaluation was done to ensure suitability to the topic, using the
Bibliometrix R-package and the Biblioshiny interface for bibliometric analysis that
does not require programming skills, and VOSviewer for group and keyword
mapping. The analysis results are then presented in detail and visually, with emphasis
on the main findings and quantitative assessments related to the development of
Computational Thinking in the school environment.

Findings and Discussions

.1 Findings

Main Information. Table 1 displays the main information from Scopus, including
number of entries, time period from 2008 to 12 September 2023, 65 sources (journals,
books, etc.), documents (243), number of authors (579) found in Computational
Thinking in Schools, and complete information can be seen in Table 1.

Table 1. Main information

Main Information about Data Document Types
Timespan 2008-2023 Atrticle 51
Sources S 65 Book chapter 6
Documents 243 Conference paper 153
Annual growth rate % 16.97 Conference review 31
Document average age 3.67 Editorial 1
Average citations per doc 5.523 Retracted 1
References 5376

ource: RStudio
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Publication Trends. These resources growth rate is divided by annual occurrence in
Table 2.

Table 2. Annual scientific production about computational thinking in school’s research

Year Articles Year Articles
2008 2 2016 9

2009 2 2017 13

2010 2 2018 24

2011 4 2019 38
2012 1 2020 30
2013 6 2021 42

2014 2 2022 41

2015 4 2023 21

Source: RStudio

There were only 31 articles published on the topic of Computational Thinking in
Schools between 2008 and 2016, but that number more than sevenfold increased to
209 publications between 2017 and 2022. When compared with the total of 38 articles
published in 2019, the number of publications decreased to only 24 articles in 2018.
According to the review, the number of articles published in the field of
Computational Thinking in Schools reached its peak in 2021 with 42 articles.

Most Productive Source. The main sources of research on Computational Thinking
in Schools that have had the greatest impact are described in Table 3, which orders the
sources based on the number of documents related to Computational Thinking in
Schools that they cite. Using the most comprehensive and extensive bibliographic
database for the last three years, SJR calculates the prestige or influence of scientific
journals. The citation window used is wide enough to cover all journals in the
database and dynamic so that it can track the development of scientific journals. In
terms of overall number of documents, the top five sources are as follows: Lecture
Notes in Computer Science (Including Subseries Lecture Notes in Artificial
Intelligence and Lecture Notes in Bioinformatics) (SJR 2022 = 0.32), Eurasia Journal
Of Mathematics, Science and Technology Education (SJR 2022 = 0.51),
Communications in Computer and Information Science (SJR 2022 = 0.19), ACM
International Conference Proceedings Series (SJR 2021 = 0.23), and Mathematical
Thinking and Learning (SJR 2022 = 0.93).

Table 3. Top 5 Resources based on impact in computational thinking in schools research

Source h _index
Lecture notes in computer science (including subseries lecture notes in 13
artificial intelligence and lecture notes in bioinformatics)
Technology, knowledge, and learning
Eurasia Journal of Mathematics, Science and Technology Education
Communications in computer and information science
Mathematical thinking and learning

Source: RStudio

N WA




Computational Thinking and its Application in School 333

Highest Citation Publications. Table 4 shows the importance of Computational
Thinking in education by highlighting key works in this field.

Table 4. Authors have had the greatest impact on computational thinking in schools research

Authors Title Total Citations
[18] Advancing elementary and middle school STEM education 167
[19] The effects of using different tools in programming teaching 64
of secondary school students on engagement, computational
thinking...
[20] Educational robotics for inclusive education 57
[21] It's computational thinking! Bebras tasks in the curriculum 52
[22] Cultivating computational thinking practices... 43

Source: RStudio

English's (2017) research on STEM education in elementary and middle schools is
the most influential based on number of citations [18]. Other works cover aspects
such as the use of tools in teaching programming [19], educational robotics [20], the
integration of Bebras tasks [21], and the practice of developing computational
thinking [22]. The total citations represent the increasing contribution and interest in
including Computational Thinking in school curricula.

Research Focus and Keywords Novelty. From the results interpreted with
VOSviewer, there are seven color clusters for Computational Thinking research, with
red as the largest cluster consisting of 11 keywords, with Computational Thinking and
Primary School as the largest circle, indicating that red is the first research focus. The
purple color is the second color by bringing up four keywords, with the largest circles
being the words Environment and Science, which indicate the second research focus.
Green is the third color with four keywords, with Computational and Research being
the largest circle, with this being the third research focus. Yellow is the fourth color
with five keywords, with the largest circle being the words School and Mathematics,
with the fourth research focus. Blue with six keywords, with the words with the
largest circles, namely Teacher and Curriculum, being the fifth research focus, so that
the five research focuses above can be used as guidelines for conducting further
research.
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Fig. 3. Overlay visualization

In Figure 3, data on the co-occurrence of author keywords is displayed with
overlay visualization. The yellow color represents the latest publications, meaning
that the words systematic review, early childhood education, integration, motivation,
review, and relationship are keywords that were only published around 2021.
Research on early childhood education does not directly involve other variables such
as integration, systematic review, motivation, and relationships. So, this is a gap that
can enable researchers in this field to carry out further research.

3.2 Discussion

This research discusses publications related to Computational Thinking in Schools
taken from the Scopus database which will be analyzed using RStudio and
VOSviewer by looking at research development trends each year, authors who have
the greatest impact, source documents that have the greatest impact, topics are related,
emergence shared keywords, and collaboration between countries.

Regarding research development trends per year, 31 articles have been published
on the topic of Computational Thinking in Schools between 2008 and 2016, but this
number has more than sevenfold increased to 209 publications between 2017 and
2022. When compared with a total of 38 articles published in 2019, the number of
publications decreased to only 24 articles in 2018. According to the review, the
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number of articles published in the field of Computational Thinking in Schools
reached its peak in 2021 with 42 articles.

The results of the analysis highlight the importance of Computational Thinking in
education, with key works influencing various aspects. English (2017) highlighted
STEM education at the primary and secondary school levels, being the most impactful
research with a significant number of citations [18]. Other works address the use of
tools in teaching programming [19] educational robotics [20] Bebras task integration
[21] as well as the development of computational thinking practices [22]. Increasing
citations indicate strong interest in the inclusion of Computational Thinking in school
curricula. Leading scientific journals, such as Lecture Notes in Computer Science,
Eurasia Journal of Mathematics, Science and Technology Education, Communications
in Computer and Information Science, ACM International Conference Proceedings
Series, and Mathematical Thinking and Learning, show the influence of research on
Computational Thinking in recent years.

Regarding the appearance of keywords, there are seven color clusters, namely red
with Computational Thinking and Primary School as the largest circle, purple is the
second color with 4 keywords appearing, with the largest circle being the words
Environment and Science, green is the color third with Computational and Research
being the largest circle, yellow being the fourth color with five keywords, with the
largest circle being the words School and Mathematics, blue with six keywords, with
the words with the largest circle being Teacher and Curriculum being the fifth
research focus. So that the five research focuses above can be used as guidelines for
conducting further research. By looking at the overlay visualization, research on early
childhood education has not directly involved other variables such as integration,
systematic review, motivation, and relationships. So, this is a gap that can enable
researchers in this field to carry out further research.

4 Conclusion

From the analysis results, it can be concluded that there were only 31 articles
published on the topic of Computational Thinking in Schools between 2008 and 2016,
but that number more than sevenfold increased to 209 publications between 2017 and
2022. Lecture Notes in Computer Science (Including Subseries Lecture Notes in
Artificial Intelligence and Lecture Notes in Bioinformatics) (SJR 2022 = 0.32) is the
source with the highest h-index. [18] research on STEM education in elementary and
middle schools is the most influential based on number of citations. From the results
interpreted with VOSviewer, there are seven color clusters for Computational
Thinking research with various research focuses. By looking at the overlay
visualization, research on early childhood education has not directly involved other
variables such as integration, systematic review, motivation, and relationships. So,
this is a gap that can enable researchers in this field to carry out further research.
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