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ABSTRACT

Article History: This systematic research aims to provide a comprehensive overview of the
Received : D-M-20XX development of analysis related to the use of programming in the development of
Revised : D-M-20XX Computational Thinking (CT), especially in the context of education from primary
Accepted : D-M-20XX to tertiary levels. This study analyzed 88 articles from empirical studies related to
Online  :D-M-20XX the use of programming to develop CT sourced from the Scopus database. The
analysis process followed the PRISMA 2020 guidelines and consisted of three

Keyword: stages: search, selection, and data analysis. Descriptive and thematic statistical
Computational approaches were used for data analysis. Instruments used in the selection of
Thinking; articles included Rayyan for screening based on inclusion criteria, as well as
Educational Microsoft Excel for coding and thematic analysis. The results showed that articles
Approaches; related to the use of programming to promote CT have appeared since 2011 but
Programming; have increased significantly since 2016, with an annual growth rate of 17.6%. Most
Promoting; studies used quantitative approaches, followed by qualitative and mixed methods.
L] @ Systematic Review Overall, 270 authors from 27 countries contributed to the study, with the United

States having the highest number of publications. A total of 33 programming tools
were identified, with Scratch being the most widely used tool, followed by Blockly,
LEGO, Scratch Jr., Code.org, Python, Alice, App Inventor, Kodu, R, MakeCode, and
Arduino. Scratch Jr. is most commonly used at the early childhood education level,
while programming languages such as Python, R, and MATLAB are more commonly
used in higher education. The implications of these findings suggest that the trend
of using programming tools such as Scratch and Blockly has the potential to
influence CT teaching strategies in the classroom, as well as the importance of using
varied programming tools in efforts to integrate CT into the education curriculum.

d ; Crossref M

L o https://doi.org/10.31764 /jtam.vXiY.ZZZ This is an open access article under the CC-BY-SA license

A. INTRODUCTION
Computational thinking (CT) is regarded as an essential skill in the current digital era as a
problem-solving approach. Enhancing CT skills is crucial for individuals who want to face
Y 11) complex challenges due to the ever-increasing global dependence on technology (Assainova et
al,, 2023; Jamal et al,, 2021; Yadav et al.,, 2016). CT is now considered an essential competency,
on par with basic skills, such as reading, writing, and arithmetic (Wing, 2017). In addition, CT
ownership should not be limited to computer scientists, but rather extended to various field
(Grover & Pea, 2013; Irawan & Herman, 2023). As technology continues to evolve, individuals
in any field must master CT to remain relevant to their work and daily lives.
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CT and programming have strong connections. Programming has played an important role
in the development of CT as it involves logical thinking, abstraction, and problem-solving skills
(Chan et al,, 2023; Hsu et al.,, 2018; Zhang & Nouri, 2019). As technology advances, various
programming tools such as Scratch, Python, and Blockly are increasingly being used to develop
CT skills at different educational levels (Tawfik et al., 2024; Vidal-Silva et al., 2024).
Programming allows students to learn through exploration and experimentation, thus
strengthening their CT skills.

Various efforts have been made to understand how programming can effectively be used to
develop CT. One of the most effective approaches is systematic research, which enables in-
depth synthesis and analysis of emerging research trends (Page, McKenzie, et al., 2021). This
research not only provides insight into the best techniques for developing CT through
programming but also identifies gaps in the literature that require further exploration.
Although individual studies have provided valuable insights, a systematic review is needed to
map existing trends and foresee future research directions.

While there has been much research on CT and programming, there has not been a
systematic review that specifically focuses on the use of programming to promote CT in various
educational contexts. This gap hinders our understanding of the best ways to integrate
programming into educational curricula to support CT development (Buitrago Flérez et al.,
2017; Hew & Brush, 2007). This problem requires a systematic and comprehensive solution
that can answer questions regarding current research trends, the most effective approaches,
and the most relevant and frequently used programming tools.

Some systematic reviews have addressed topics such as the integration of CT in
mathematics (Barcelos et al., 2018; Chan et al, 2023; Irawan et al.,, 2024a; Ye et al,, 2023),
statistics education (Irawan et al., 2024b), STEM education (Wang et al., 2022), early childhood
education (Bati, 2022; Su & Yang, 2023; Zeng et al., 2023), primary and secondary education
(Grover & Pea, 2013; Montiel & Gomez-Zermeio, 2021; Quiroz-Vallejo et al.,, 2021), higher
education (Lu et al,, 2022; Lyon & ]J. Magana, 2020), computer science education (Lee et al,,
2022), learning and teaching CT (Hsu et al., 2018), CT learning without the use of computers
(Kuo & Hsu, 2020), mapping programming for a specific CT in high school students (Tikva &
Tambouris, 2021), and CT learning using Scratch (Zhang & Nouri, 2019). However, no
systematic review has been conducted on the use of programming to promote computational
thinking. This study seeks to fill the existing knowledge gap by comprehensively synthesizing
the available literature on programming to promote CT.

This systematic review provides a comprehensive overview of existing research, identifies
gaps, and maps the analyses related to programming to promote CT. The results of this study
are expected to provide guidance for educators and policy makers in integrating programming
to improve CT in the classroom (Chen et al., 2023; Irawan et al., 2024c; Tekdal, 2021). These
findings can also serve as a reference for future research focusing on improving CT skills at
different levels of education through the use of programming.

Based on the research objectives, this study seeks to answer the following five research
questions (RQs):

RQ1: What are the research trends related to programming that promote CT?
RQ1 is important because it provides an understanding of the direction of global
developments related to programming and CT research, allowing researchers to
understand how this topic has evolved over time.

RQ2: What types of approaches are most commonly used in programming research to promote
CT?
This question is important because by understanding the dominant approach, we can
determine the effectiveness of different methods in supporting CT development through
programming.
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RQ3: Which journals, institutions, and countries are most productive in producing articles
related to programming to promote CT?
The importance of RQ3 is that it provides insight into the key actors in this study and helps
identify countries or institutions that are centers of innovation in the field of CT
development.

RQ4: What programming has been used in the research to promote CT?
RQ4 is important because an understanding of the most effective tools can help educators
choose the appropriate methods for use in their classrooms.

RQ5: What is the distribution of research on using programming to promote CT across different
educational levels?
This question provides information on the applicability of programming at different levels,
helping educators to design strategies that suit different age groups.

B. METHODS
The method used in this study was a systematic literature review. The review process
followed the stages of PRISMA 2020 (Page, McKenzie, et al., 2021; Page, Moher, et al., 2021).
Furthermore, the technical description of the method followed by Ye et al. (2023) consists of
” 9 three processes: search, selection, and data analysis.

1. Search Process

The literature data source was the Scopus database, accessed from Scopus
(https://www.scopus.com) on May 31, 2023. The search was conducted using the query
string: “(TITLE ("computational thinking") AND TITLE-ABS-KEY ("programming” OR
"programming languages" OR "coding") AND TITLE-ABS-KEY ("promote” OR "development"
OR "learning" OR "teaching" OR "integrating" OR "integrated")).” (2023) This query was
designed to generate relevant articles based on key terms that combine "computational
thinking" with the use of programming tools, language programming, and learning or
teaching processes. Terms such as "promote" and "development" were chosen to cover a
range of approaches in research targeting CT development.

The subjects of this study were peer-reviewed articles addressing the use of programming
in CT development. The collected data included various studies that explored the
programming tools used to promote CT in various educational contexts. The search focused
on journal articles written in English to ensure broader coverage of quality literature. Journal
publications were selected to ensure the credibility and relevance of the review results. This
search process yielded 1011 articles related to the exploration of programming tools used
to promote CT in various educational contexts.

2. Selection Process
The literature to be analyzed was based on the inclusion and exclusion criteria listed in
Table 1. The inclusion and exclusion criteria were determined based on the research

objectives.
(2] Table 1. Inclusion and Exclusion Criteria
Aspect Inclusion Criteria Exclusion Criteria
Publication Journal article Books, Book Chapters, Reviews, Conference
Papers, Conference Reviews, Editorials,
Erratums, Notes, and Short Survey
L] o Language Written in English Not written in English
Study type Experimental and investigative = Reviews, overviews, or meta-analyses
research
Focus study Promoting computational Promoting computational thinking through

thinking through programming other treatments
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Figure 1. The Process of Systematic Review Using the PRISMA 2020

Technically, the literature selection process was conducted in four stages PRISMA 2020
(Page, McKenzie, et al., 2021), as presented in Figure 1.

d.

b.
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The initial selection stage was performed during the literature search in the Scopus
database. This study focused on articles published in journals and written in English.
Therefore, after adding these three criteria, the query string became: “(TITLE
("computational thinking") AND TITLE-ABS-KEY ("programming” OR "programming
languages” OR "coding") AND TITLE-ABS-KEY ("promote”" OR "development”" OR
"learning” OR "teaching" OR "integrating" OR "integrated") AND (LIMIT-TO (DOCTYPE,
"ar")) AND (LIMIT-TO (LANGUAGE, "English")) AND (LIMIT-TO (SRCTYPE, "j"))).” Owing
to this selection, 613 literature pieces were not journal articles, and 20 papers needed to
be written in English, resulting in 378 articles after the initial screening process.

A rapid screening process was conducted on the titles, abstracts, and keywords. The
screening process was performed using the Rayyan website (https://www.rayyan.ai/)
(Ouzzani et al., 2016), which helped categorize the articles according to the inclusion
criteria. The selection results yielded 59 systematic review articles and 117 with
different outcomes. Therefore, 202 articles were selected for further screening in the
next stage.

Screening was conducted to determine the availability of the full-text documents.
Document availability was searched using the Zotero application, and email was used to
obtain closed-access articles. Articles with incomplete manuscripts or relevant
information were excluded. There were 26 papers for which the full text still needed to
be accepted, resulting in 176 articles that were screened in-depth in the next stage.

A comprehensive screening was conducted by reading the complete manuscript of the
articles. Full-text screening yielded data from 88 studies that used different interventions.
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This research focuses on articles discussing the utilization of various computer programs

to promote CT.

3. Data Analysis

Data analysis in this study was conducted quantitatively using a descriptive statistical
approach to identify the frequency of trends and themes to explore patterns of findings. Each
study was mapped, and codes were assigned based on a thorough reading. The articles were
identified based on the year of publication, publishing journal, publisher, research approach
used, educational level investigated, and programming. The articles were identified and
coded based on the results of thorough reading. Microsoft Excel was used in the coding and
data analysis processes in this study.

Academic levels were categorized into seven groups: kindergarten/preschool, primary

school, secondary school, higher education, primary and secondary school, community, and
unspecified. The approaches used were classified as qualitative, quantitative, mixed, or
unidentified. Other attributes were adjusted based on the findings of each study.

®@© C. RESULT AND DISCUSSION

1. Results

a. Research Trends on Promoting CT Through Programming

The development of research related to CT, particularly the utilization of programming to
promote CT, can be observed from the trend in publications. The search results, followed by
the process of exclusion and inclusion, yielded data on the number of article publications based
on the year, as shown in Figure 2.

As shown in Figure 2, articles related to the utilization of programming to promote CT
were first discovered in 2011; however, no documents were found in 2011 and 2012.
Subsequently, papers on this topic were published from 2014 to 2023. The year 2022
witnessed the highest number of publications, temporarily reaching a peak of 22. Based
on the number of publications from 2011 to 2023, an annual growth rate of 17.6% was
obtained with an average document age of 2.93 years. Therefore, it is predicted that the

number of publications in 2023 will continue to increase.

2
1 |
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Figure 1. Research Trends on Promoting CT Through Programming
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The use of programming to promote CT has increased significantly since 2015. This
result aligns with that of Tekdal (2021), where CT has been a rapidly growing field since
2013. Similarly, Chen et al. (2023) mentioned that since 2017, CT has quickly developed
®0 as a popular topic in various fields, particularly in education. These research
developments are predicted to continue and mature (Chen et al., 2023). The increasing
interest in CT-related research contributes to advancing CT research, including
integration aspects, programming tools, assessments, and strategies to promote CT.

b. Research Approach on Promoting CT Through Programming
A total of 88 articles analyzed in this study employed different research approaches.
The identification results showed three categories of research approaches: qualitative,
quantitative, and mixed-methods. The exact numbers and percentages for each approach
are shown in Figure 3.

= Qualitative Research

= Quantitative Research

= Mixed-Methods

47, 54%

Figure 3. Research Approach to Promote CT Through Programming

Figure 3 shows that research related to the utilization of programming to promote CT
is predominantly conducted using a quantitative approach. Furthermore, 47 articles,
equivalent to 54% of all studies, were included using a quantitative approach. Of the
remaining articles, 24 (27%) employed a qualitative approach, whereas 17 (19%) used a
mixed method. The quantitative research conducted was mainly based on experimental
designs, comparing the effects of programming utilization on students' CT skills, both in
comparison with other programming types and non-computer-based learning methods.

The use of different research approaches indicates the diversity in CT research. CT is
performed from multiple perspectives. Several experimental studies using quantitative

L 17) methods have been conducted to ensure *different breakthroughs .
Furthermore, CT is a new and evolving research field (Tekdal,

2021).

c. Top 10 Most Productive Journals, Countries, and Institutions
®06 A total of 44 journals published mmming .promote
®d . Table 2 presents a list of the most along with -

publishers, h of articles on the utilization of programming to promote

CT, and total citations (TC) received by those articles. Among these journals, four had the
highest number of publications. These include ACM Transactions on Computing
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Education, Journal of Educational Computing Research, Informatics in Education, and
Frontiers in Psychology published by the Association for Computing Machinery, SAGE
Publications Inc., Institute of Mathematics and Informatics, and Frontiers Media S.A.
Furthermore, ACM Transactions on Computing Education was the most cited journal
among the listed journals. It received a remarkable 218 citations from other articles,
indicating its significant role as a source of inspiration and reference.

Table 2. Top 10 Most Productive Journals

No Journal Publisher TP* (%) TC**

1 ACM Transactions on Association for Computing 5 (3,36%) 218
Computing Education Machinery

2 Journal of Educational SAGE Publications Inc. 5(3,36%) 103
Computing Research

3 Informatics in Education Institute of Mathematicsand 5 (3,36%) 80

Informatics

4 Frontiers in Psychology Frontiers Media S.A. 5(3,36%) 7

5 Education and Information Springer 4 (2,68%) 15
Technologies

6 Education Sciences MDPI 4 (2,68%) 6

7 International Journal of Child- Elsevier B.V. 3(2,01%) 169
Computer Interaction

8 Computers in Human Behavior  Elsevier Ltd 3(2,01%) 111

9 Interactive Learning Routledge 3(2,01%) 102
Environments

10  Technology, Knowledge, and Springer Science and 3(2,01%) 64
Learning Business Media B.V.

*TP: Total Publication
** TC: Total citation

A total of 27 countries were identified based on the countries of the corresponding
authors. The list of the top ten countries and the number of publications are presented in
Figure 4. The United States is the most productive country, followed by China, Taiwan,
Spain, Greece, Peru, Italy, Cyprus, and South Korea.

USA I 17
CHINA . 10
TAIWAN IS 8
SPAIN NN 8
TURKEY 8
GREECE I 6
PERU [N 4
ITALY 3
CYPRUS N 3
SOUTH KOREA N 2

COUNTRY

0 5 10 15 20
NUMBER OF PUBLICATION

Figure 4. Top 10 Most Productive Countries by Correspondence Author Affiliation

z'l-.l turnitinﬁ Page 11 of 27 - Engrega de integridad Submission ID trn:oid:::1:3047762654



z"-.l turnitin Page 12 of 27 - Engrega de integridad Submission ID trn:oid:::1:3047762654

8 | JTAM (Jurnal Teori dan Aplikasi Matematika) | Vol. X, No. X, Month 20XX, pp. XX-YY

»0O Published articles related to the use of programming to promote CT involved 270
authors from 110 institutions. The list in Table 3 presents the top 10 institutions, their
respective countries, the TP of articles related to the utilization of programming to
promote CT, and the TC received. The ranking of institutions in Table 3 was determined
based on TP and TC.

Table 3. Top 10 Most Productive Institution

No Institution Country TP (%) TC

1 Tufts University United States 2 568

2 National and Kapodistrian University of Athens Greece 2 23

3 Shaanxi Normal University China 2 23

4 Spanish National University of Distance Spain 2 21
Education (UNED)

5 Zhejiang University of Technology China 2 13

6 National Taichung University of Science and Taiwan 2 10
Technology

7 Jeju National University South Korea 2 8

8 University of Macedonia Greece 2 8

9 Universidad Nacional de San Agustin de Peru 2 3
Arequipa

10  The Education University of Hong Kong China 2 0

Based on Table 3, among the 110 institutions that have generated articles on the
utilization of programming to promote CT, ten stand out as the most productive and
highly cited. Tufts University has the highest number of referenced articles. However, in
terms of publication counts, no institution dominates. Therefore, research focused on
programming to promote CT has attracted the interest of numerous colleges in different
countries.

Based on a comprehensive tally of authors, totalling 270 individuals from 27 distinct
countries, programming to promote CT has emerged as a captivating research theme of
global prominence. Scholarly journals dominate article publications in educational and
computer science. Moreover, the United States is the most productive nation in publishing
articles on programming to promote CT. This outcome resonates with other findings that

6] position the United States at the forefront of CT research (Tekdal, 2021).

d. The Variety of Programming to Promote CT
The identification results indicate that there were a total of 33 programming tools
used to promote and develop CT. The list of programming names, creators/developers,
number of articles (%), and corresponding articles are presented in Table 4.

Table 4. List of Programming Used to Promote CT

Programming Creator/Developer Freq. (%) Source
Scratch MIT Media Lab 37 (Bell & Bell, 2018; Eloy et al.,
O (32,17%) 2022; Gabriele etal,, 2019; Hou

etal, 2020; Hsu etal., 2022;
Huang et al.,, 2023; Jiang et al.,
2021; Jiang & Li, 2021; Ma et al.,
2021; Maraza-Quispe et al.,
2021), (Allsop, 2019; Basogain
etal.,, 2018; Pérez-Marin et al.,
2020; Rodriguez-Martinez et al.,
2020; Romero et al., 2017; Wei
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Programming Creator/Developer Freq. (%) Source
etal, 2021; Wong & Cheung,
2020)
Blockly Google and MIT 8(6,96%) (Diaz-Lauzurica & Moreno-
Salinas, 2019; Karakasis &
Xinogalos, 2020; Luo et al., 2020;
Tikva & Tambouris, 2022; Tran,
2019)
LEGO MIT Media Lab 8(6,96%) (Angeli, 2022; Ardito et al,,
2020; Chalmers, 2018;
Chiazzese et al.,, 2019; Weng et
al,, 2022)
Scratch Jr MIT Media Lab 8(6,96%) (Chou, 2020; Kourti etal., 2023;
Kyza et al., 2022; Papadakis et
al., 2016; Pugnali etal., 2017;
Rose etal., 2017; Silva et al.,,
2021; Yang etal,, 2023)
Code.org Hadi and Ali Partovi 6(522%) (Sunetal, 2022)
Python Guido van Rossum 6 (5,22%) (Baietal, 2021; Ezeamuzie et
al., 2022; Laura-Ochoa et al.,
2022; Laura-Ochoa & Bedregal-
Alpaca, 2022; Lin et al,, 2021;
Song etal,, 2021)
Alice Carnegie Mellon 5(4,35%) (Groveretal, 2017)
University
App Inventor Google and MIT 4(3,48%) (Kim & Kim, 2016; Shih etal,,
2015; P.-]. Wu et al,, 2021)
Kodu Microsoft 3(2,61%) (Chiazzeseetal, 2018)
R Ross Thaka, Robert 2(1,74%) (Benaklietal, 2017;
Gentleman Wiedemann et al., 2020)
MakeCode Microsoft 2(1,74%) (Andersen, 2022; Kastner-
Hauler et al., 2022)
Arduino arduino.cc 2(1,74%) (Karaahmetoglu & Korkmaz,
2019)
Bomberbot Cristian Bello 1(0,87%) (Fanchampsetal, 2023)
C/C++ ISO/IEC]JTC 1 1(0,87%) (Markandan etal,, 2022)
ChoiCo Chronis K. and 1(0,87%) (Kynigos & Grizioti, 2020)
Marianthi G.
CodeMonkey CodeMonkey Team 1(0,87%) (S.-Y.Wu & Su, 2021)
Hopscotch Hopscotch Technologies 1(0,87%) (Zhaetal, 2020)
Kodetu Kodetu et al. 1(0,87%) (Eguiluz etal, 2020)
Logo Bolt Beranek and 1(0,87%) (Kynigos & Grizioti, 2018)
Newman Inc
Matlab MathWorks 1(0,87%) (Yuen & Robbins, 2015)
mBlock Makeblock 1(0,87%) (Paucar-Curasma etal, 2023)
Minecraft Mojang Studios 1(0,87%) (Kutay & Oner, 2022)
ModKit Ed Baafi 1(0,87%) (Richard & Giri, 2019)
NEPO Fraunhofer IAIS 1(0,87%) (Weberetal, 2022)
Parsons Dale Parsons and 1(0,87%) (Benderetal., 2023)
Puzzles Patricia Haden
Pencil Code David Bau 1(0,87%) (Dengetal., 2020)
RobotC Robomatter Inc 1(0,87%) (Witherspoon etal, 2017)
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Programming Creator/Developer Freq. (%) Source

ScratchThAI Kantinee Katchapakirin =~ 1(0,87%) (Katchapakirin et al,, 2022)
etal

Sonic Pi Sam Aaron and 1(0,87%) (Petrie, 2022)
Raspberry Pi

” @ Sprego Maria C. and Piroska B. 1(0,87%) (Csernoch etal,, 2021)

TangiBlek Marina Umaschi Bers 1(0,87%) (Bersetal, 2014)

Thunkable Arun Saigal and WeiHua 1 (0,87%) (Amnouychokanant etal,, 2021)
Li

Visual Basic Microsoft 1(0,87%) (Dengetal., 2020)

As shown in Table 4, many programming-based tools have been used to develop and
promote CT. Scratch is the most popular programming tool and widely used in research.
A total of 37 articles, equivalent to 32.17% of the analyzed articles, utilized this visual
block-based programming tool developed by the MIT Media Lab. This was followed by
Blockly, LEGO, and Scratch Jr, which are also visual block-based programming tools, with
eight articles each. Python is the most commonly used programming language, followed
by R, C/C++, and Visual Basic.

Based on the publication year of the articles, data on the programming tools used were
obtained, as presented in Table 5.

Table 5. Programming Utilized to Promote CT by Year

Year Programming (Frequency)
2011 Scratch (1)
2014 Matlab (1), and TangiBlek (1)
2015 App Inventor (1)
2016 Scratch Jr (1), App Inventor (1), and LEGO (1)
2017 Scratch Jr (2), Scratch (1), R (1), Alice (1), and RobotC (1)
2018 Scratch (3), LEGO (1), Logo (1), Alice (1), and Kodu (1)

Scratch (4), Blockly (2), LEGO (2), Code.org (1), Alice (1), App Inventor (1), and
2019 .
Arduino (1)
Scratch (7), Blockly (3), Scratch Jr (1), R (1) ChoiCo (1), Hopscotch (1), Kodetu (1),
LEGO (1), Alice (1), and Pencil Code (1)
Scratch (11), Python (3), App Inventor (1), Scratch Jr (1), Sprego (1), CodeMonkey
(1), Arduino (1), Blockly (1), Kodu (1), Code.org (1), and Thunkable (1)
Scratch (8), Code.org (4), Python (3), Blockly (2), LEGO (2), MakeCode (2), C/C++
(1), NEPO (1), Scratch Jr (1), Alice (1), Kodu (1), ScratchThAlI (1), and Sonic Pi (1)
Scratch (3), Scratch Jr (2), Bomberbot (1), LEGO (1), Arduino (1), Parsons Puzzles
(1), and mBlock (1)

2020

2021

2022

2023

Table 5 shows that Scratch is a popular and widely used programming tool. Meanwhile,
LEGO, Scratch Jr., and Blockly were frequently employed in research focused on
promoting CT. Table 5 also indicates that with each passing year, more programming
platforms were utilized to promote and acquire CT skills in students. New platforms have
emerged each year, encompassing visual block-based programming, coding-based
programming languages, or a combination of both.

e. Educational Levels and Programming Types Used
Data on educational levels based on the target subjects are presented in Figure 5. The
»0O academic levels are categorized into kindergarten/preschool, primary school, secondary
school, higher education, primary and secondary school, community, and not specified.
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EDUCATION LEVEL

Kindergarten/Preschool [l 4

Elementary and Secondary School 7

Primary School 33

Secondary School 38

Higher Education [ 25

Community - 3
Not Specified [l 3

0 5 10 15 20 25 30 35 40
NUMBER OF PUBLICATION

Figure 5. Target Educational Levels of the Selected Articles

Figure 5 shows that most of the research was conducted at the secondary school level,
with 38 studies or 34% of the total. This was followed by research conducted at the
primary school level with 33 articles (29%), higher education with 25 papers (22%),
primary and secondary school with seven papers (6%), and a community with three
papers (3%). The programming tools used in each educational level or group are listed in

Table 6.

Table 6. Educational levels and programming used to Promote CT

Level Education

Programming (Frequency)

Kindergarten/
Preschool

Scratch Jr (3) and TangiBlek (1)

Primary School

Scratch (12), Scratch Jr (5), LEGO (3), Blockly (3), Code.org (2),
Kodu (2), Alice (1), App Inventor (1), MakeCode (1), Bomberbot
(1), ScratchThAI (1), and CodeMonkey (1),

Secondary School

Scratch (12), Blockly (3), Code.org (3), Alice (3), LEGO (2), Arduino
(2), Python (1), Kodu (1), R (1), Logo (1), C/C++ (1), Minecraft (1),
Sonic Pi (1), ChoiCo (1), Parsons Puzzles (1), Pencil Code (1),
Visual Basic (1), ModKit (1), and RobotC (1)

Higher Education

Scratch (6), Python (5), LEGO (3), App Inventor (2), R (1),
Code.org (1), Arduino (1), Matlab (1), Hopscotch (1), mBlock (1),
Thunkable (1), Sprego (1), and NEPO (1)

Primary and
Secondary School

Scratch (2), Blockly (2), Alice (1), MakeCode (1), and Kodetu (1)

Community

Scratch (3)

Table 6 shows that two programming tools were used at the kindergarten/preschool
level, namely Scratch Jr and TangiBlek. For the primary school level, there were 12
programming tools, including Scratch, Scratch Jr, LEGO, Blockly, Code.org, Alice, App
Inventor, Kodu, MakeCode, Bomberbot, ScratchThAl, and CodeMonkey. For the secondary
school level, there were 19 programming tools employed, namely Scratch, LEGO, Blockly,
Python, Code.org, Alice, Kodu, R, Arduino, Logo, C/C++, Minecraft, Sonic Pi, ChoiCo,
Parsons Puzzles, Pencil Code, Visual Basic, ModKit, and RobotC. Thirteen programming
tools were utilized in the higher education group, there were 13 programming tools
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utilized, including Scratch, LEGO, Python, Code.org, App Inventor, R, Arduino, MATLAB,
Hopscotch, mBlock, Thunkable, Sprego, and NEPO. In the community group, only one
program, Scratch, was used. Scratch Jr. is the most widely used programming tool at the
kindergarten/preschool level. Scratch is the most commonly used tool at the primary,
secondary, higher education, and community levels. Various programming tools
predominantly consist of block-based visual programming. Python is the most widely
used programming language in higher education, followed by R, C/C++, and Visual Basic.

2. Discussions

The utilization of programming to promote CT has experienced a significant increase since
2015. This result aligns with Tekdal's research, where CT has been a rapidly growing field
since 2013 (Tekdal, 2021). In a similar manner, Chen etal. (2023) mentioned that since 2017,
CT has quickly developed as a popular topic in various fields, particularly in education. The
development of this research is expected to continue and mature further (Chen etal., 2023).
The increasing interest in CT-related research contributes to advancing CT research,
including integration aspects, programming tools, assessment, and strategies to promote CT.
The use of different research approaches indicates the diversity of CT research. CT
development is carried out from multiple aspects and perspectives. Several experimental
(1X17) studies using quantitative methods have been conducted to ensure the effectiveness of
different breakthroughs in the development of CT. Furthermore, CT is a new research field

still evolving (Tekdal, 2021).

Based on the comprehensive tally of authors, totaling 270 individuals from 27 distinct
countries, the utilization of programming to promote CT has emerged as a captivating
research theme of global prominence. Articles in educational technology and computer
science are largely dominated by scholarly journals. Moreover, the United States is the most
productive nation in terms of publishing articles on the utilization of programming to

O promote CT. This outcome resonates with other findings that position the United States at
the forefront of CT research (Tekdal, 2021).

Through the identification of all articles, 33 programming tools were identified to promote
and develop CT. Scratch was the most widely used programming tool, followed by Blockly,
LEGO, Scratch Jr, Code.org, Python, Alice, App Inventor, Kodu, R, MakeCode, Arduino,
Bomberbot, C/C++, ChoiCo, CodeMonkey, Hopscotch, Kodetu, Logo, Matlab, mBlock,
Minecraft, ModKit, NEPO, Parsons Puzzles, Pencil Code, RobotC, ScratchThAl, Sonic Pj,
Sprego, TangiBlek, Thunkable, and Visual Basic. These findings contribute to previous
research conducted by Hsu et al. (2018) who identified 14 teaching tools, and Chan et al.
(2023) who placed 21 programming teaching tools for CT development.

Research on programming tools has been predominantly conducted in secondary schools,
followed by primary schools, higher education, and the community. This finding supported
and strengthened the results of other research, such as Tang et al. (2020), where CT research
in secondary schools was more dominant. Scratch, a block-based visual programming
language, is relatively easier to use, making it widely adopted in primary and secondary
schools, higher education, and the community. Different results indicate that the use of

” @ Scratch develops students' CT skills (Chiazzese et al,, 2018; Huang et al., 2023; Irawan et al.,
2023; Ma et al., 2021; Maraza-Quispe et al,, 2021; Oluk et al,, 2018; Pou et al., 2022; Xing,
2021). However, these results differed from other findings, where Alice had a more positive
effect on students' CT skills than Scratch (Yildiz Durak, 2020). Scratch does not significantly
affect problem-solving or algorithmic thinking skills (Jiang & Li, 2021). Meanwhile, Scratch
O Jr. are mainly used in kindergarten/preschool settings (Chou, 2020; Kyza et al., 2022; Rose
etal, 2017). Coding-based programming languages are commonly used in higher education
and secondary schools. Research has shown that its use in higher education enhances
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students' CT skills (Bai et al., 2021; Laura-Ochoa & Bedregal-Alpaca, 2022; Song et al., 2021).
The same applies to R, which integrates CT into calculus, probability, and data analysis
(Benakli et al.,, 2017). Other research has indicated that R instilled CT while improving
students’' mathematical abilities (Wiedemann et al., 2020).

3. Implication and Limitation
a. Implication for Practice, Policy, and Future Research

This study has several implications. First, it has practical implications. These findings
indicate that the utilization of programming to promote CT has increased significantly
since 2015. Therefore, educators should consider utilizing various programming tools,
such as Scratch, Blockly, Code.org, Python, and R, in curricula designed to improve
students' CT skills. Furthermore, educators can leverage various programming tools to
design engaging activities and projects that promote CT across multiple subjects including
mathematics, science, language, and other social topics.

Second, policy implications. his research highlights the global interest in and
dissemination of research related to the utilization of programming to promote CT.
Policymakers must recognize the significance of CT in education and consider its
integration into curricula at different educational levels. In addition, policies can be
supported through training and professional development for educators to effectively
integrate CT into their teaching practices. Policymakers must also encourage innovation
to develop programming designed explicitly to promote CT.

Third, implications for future research. The identified research trends demonstrate
the diverse approaches and perspectives for studying CT. Future research should explore
instructional strategies and designs for the systematic and practical development of CT.
Meanwhile, comparative research should be conducted to investigate the impact of
different programming languages, such as Scratch, Python, and R, on promoting CT at
different educational levels. Longitudinal research is required to examine the long-term
effects of CT integration into the curriculum and its influence on students' academic
achievement and career paths. Further research is required to explore innovative
methods to accurately evaluate and measure CT skill.

b. Limitations

This study has several limitations. First, there is a limitation regarding the literature
sources, and this research is limited to literature sourced from the Scopus database only.
This research does not include other studies indexed in the Web of Science or other
indexing institutions. Second, there are limitations to the scope of the data analysis. The
data analysis was conducted based on the formulated research questions. Therefore,
other aspects, such as the types of CT skills, duration of the research, instruments used
for data collection, and approaches employed, need to be explored in depth. Third, the
analysis was limited to a systematic review and did not perform a meta-analysis because
the number of eligible articles was limited.

D. CONCLUSION AND SUGGESTIONS

Several conclusions were drawn regarding the utilization of programming to promote CT.
First, there has been a trend of increasing publications related to the utilization of programming
to promote CT since 2011, with an annual growth rate of 17.6%. This increase demonstrates a
growing interest in the use of programming tools to support the development of CT skills in
various educational contexts. Second, the most commonly used approach is quantitative,
followed by qualitative and mixed methods. Third, the publication of articles related to the
utilization of programming to promote CT involved 270 authors from 27 countries, with the
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United States being the most productive. Fourth, 33 programming tools are identified. Scratch
was the most widely used programming tool, followed by Blockly, LEGO, Scratch Jr, Code.org,
Python, Alice, App Inventor, Kodu, R, MakeCode, and Arduino. Penggunaan berbagai alat
pemrograman ini menunjukkan fleksibilitas dan beragamnya pendekatan yang dapat
diterapkan untuk mengembangkan CT pada siswa. Fifth, this study indicated a distribution of
research based on educational levels. Scratch is most commonly used in primary, secondary,
higher education, and community settings. Meanwhile, Scratch Jr was predominantly used in
kindergarten/preschool education, while programming languages such as Python, R, and
MATLAB were more commonly utilized in higher education. This research provides valuable
insights into understanding trends, approaches, types of programming tools, and the
distribution of research related to the utilization of programming to promote CT. The
significance of these findings in the context of education is enormous, especially in efforts to
develop students' critical thinking, problem-solving, and creative skills through programming.
The results of this study have practical implications that can encourage curriculum
development that is more adaptive to the use of programming tools as well as help educators
design teaching strategies that are more innovative and relevant to the needs of students in the
digital era.

Recommendations for future research include further exploration of the effectiveness of
different programming languages in promoting CT at different educational levels. Comparative
research is required to compare the impact of different programming tools, such as Scratch,
Python, and R, in different teaching contexts. In addition, longitudinal research should be
conducted to examine the long-term effects of integrating programming into the curriculum on
students' academic achievement and career development. Future research could also explore
innovative methods to measure CT skills more accurately and develop programming tools
specifically designed to support the development of CT skills in students from different
educational backgrounds.
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