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The aim of this research is to summarize and observe how interventions affect
students’ computational thinking (CT) skills through computer technology. Some
common factors predicted to cause students’ heterogeneous CT skills would also
be examined. A meta-analysis was chosen to conduct this study. Finding and
selecting the relevant literature resulted in 43 documents published in the period of
2011 — 2021 which involved 5.088 samples. The formula of Hedges’ g was used to
measure the effect size. The Z test and the Q Cochrane test were also used to
analyze the data. The results of this study revealed that the interventions involving
computer technology on students’ CT skills had modest positive effect in which
computer technology interventions significantly enhanced students’ CT skills. It
indicates that the learning process utilizing computer technology is effective to
enhance students’ CT skills. Furthermore, educational level, geographical location,
group size of intervention, learning tool, and subject did not moderate students’
heterogeneous CT skills. It means that the level of students” CT skills intervened
by using computer technology is not affected by the factors. To improve students’
CT skills, this study suggests teachers to utilize computer technology into their
mathematics teaching-learning process. Specifically, this study suggests teachers to
utilize computer technology in implementing mathematics learning process.
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INTRODUCTION

Computational thinking (CT) is assumed as a key skill to adjust in 215t century because
it helps solve various problems in the life efficiently (Guggemos, 2021; Haseski et al.,
2018; Tabesh, 2017; Yadav et al., 2011). In addition, the existence of CT enables
individual to make systematic and active decisions using information and
communication technology (Haseski et al., 2018). Operationally, Computer Sience
Teachers Association (CSTA) and International Society for Technology Education
(ISTE) (2011) defined CT as a problem-solving process comprising some criteria such
as (1) formulating problems using other tools and computer to solve it, (2) analyzing and
organizing the data logically, (3) representing the data by abstracting such as model and
simulation, (4) automating the solution by algorithm thinking, (5) analyzing, identifying,
and applying the solution to get maximum combination of steps, and (6) transferring and
generalizing the problem-solving process to various problems in which the criteria
become characteristics that have to be required by students in 21%t century. This
indicates that CT is one of the important 215t century skills. Therefore, Hunsaker (2020)
recommended that students’ CT have to be developed and enhanced in every education
level by elaborating it in teaching and learning.

CT-based learning can provide some benefits for students economically and
academically (Hunsaker, 2020). CT is required in many professions such as scientist and
technician (Li et al., 2020). In addition, Yadav et al. (2017) reported that CT can
enhance students’ motivation, self-efficacy, problem-solving skills, communication
skills, and STEM performance. As a consequence, Tabesh (2017) argued that
pedagogical contents officially designed in the curriculum have to involve CT. In
particular, CT has the closest relationship with mathematics in which a lot of studies
regarding the development of CT in mathematics learning have been widely conducted.
Barcelos and Silveira (2012) revealed that some existing characters in CT can be useful
for facilitating students to contextualize mathematical contents. For example, pattern
matching content has the close relationship with mathematical reasoning and numerical
and logical sequence that are identic with algorithm development. In addition,
mathematics learning in primary school involving CT can help abstracting development
skills, so it enhances mathematical understanding and mathematics academic
achievement (Chaabi et al., 2019; Lewis & Shah, 2012). Also, some studies reported
that CT helps enhance mathematical critical thinking and problem-solving skills (Grover
etal., 2015; Maharani et al., 2019). The reports show that CT skills have to be enhanced
for students in learning process particularly in mathematics learning.

The enhancement of CT in each education level utilizes computer technology elaborated
with learning curriculum in which the implementation of learning approach or model
uses computer supported by some learning media such as scratch, website, robot,
computer software, and computer games (Park & Lee, 2015; Peel et al., 2015;
Figueiredo, 2017; Valovicova et al., 2020). The utilization of computer technology in
robotics programming curriculum is carried out to develop CT skills by implementing
coding-based learning (Jeon & Song, 2019; Pérez-Marin et al., 2018; Relkin et al.,
2021). The use of scratch in programming education such as computer programming
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and robotic programming is conducted to enhance CT skills (Constantinou & loannou,
2018; Esteve-Mon et al., 2019; Pellas & Vosinakis, 2018; Rodriguez-Martinez et al.,
2020; Zha et al., 2021). Particularly, website and computer software are also employed
to develop CT skills in mathematics and sciences field (Bedar & Al-Shboul, 2020; S. W.
Chan et al., 2020; Sulistiyo & Wijaya, 2020; Wahyudin et al., 2021). This indicates that
computer technology has been widely utilized to enhance CT skills.

To date, many researches regarding the enhancement of CT skills using the computer
technology in numerous scientific fields such as mathematics and sciences, language,
and computer sciences have been widely studied by some researchers. Some studies
reported that the utilization of computer technology significantly enhances students’ CT
skills (Christian P. Brackmann et al., 2017; Choi et al., 2017; Constantinou & loannou,
2018; Esteve-Mon et al., 2019; Hooshyar et al., 2021; Jeon & Song, 2019; Jun et al.,
2017; Moreno-Lebdn et al., 2015; Noh & Lee, 2020; Pérez-Marin et al., 2018; Relkin et
al., 2021; Zha et al., 2021; J. H. Zhang et al., 2021). Some studies, however, revealed
that the utilization of computer technology significantly does not enhance students’ CT
skills (Atmatzidou & Demetriadis, 2016; Barron-Estrada et al., 2022; Bedar & Al-
Shboul, 2020; Booth, 2013; Christian Puhlmann Brackmann et al., 2019; J. Chan &
Nejat, 2012; Conde et al., 2017; Diago et al., 2021; Jeong & Sung, 2019; Kim, 2021;
Kim & Kim, 2016; Kong et al., 2020; Pellas & Vosinakis, 2018; Sulistiyo & Wijaya,
2020; Sun, Hu, et al., 2021a; Wahyudin et al., 2021; Zhao & Shute, 2019). Moreover, a
few of studies showed that the involvement of computer technology in learning process
has a negative effect in enhancing students’ CT skills (del Olmo-Mufioz et al., 2020;
Felix et al., 2020; Rodriguez-Martinez et al., 2020; Rose et al., 2017). The reports
interpret that the use of computer technology has an inconsistent effect in enhancing
students’ CT skills. The effect of the utilization of computer technology for students’ CT
skills required accurate and coherent data which helpful for teacher and lecturer to
enhance students’ CT skills through mathematics learning process.

Hereinafter, some studies related to the utilization of computer technology for enhancing
students” CT skills showed that using computer technology has given moderate effect to
the enhancement of students’ CT skills (Christian P. Brackmann et al., 2017; Choi et al.,
2017; Esteve-Mon et al., 2019; Felicia et al., 2017; Jenkins, 2015; Jeon & Song, 2019;
Ridlo et al., 2021; Yulin Zhang et al., 2019). Moreover, several studies revealed that the
use of computer technology has strong effect in enhancing students’ CT skills
(Constantinou & loannou, 2018; Jun et al., 2017; Zha et al., 2021; J. H. Zhang et al.,
2021). A few of studies, however, showed that the use of computer technology has
modest effect to the enhancement of students” CT skills (Barrdn-Estrada et al., 2022;
Booth, 2013; S. W. Chan et al., 2020; Diago et al., 2021; Guo et al., 2016; Kim, 2021,
Moreno-Leon et al., 2015; Noh & Lee, 2020; Pérez-Marin et al., 2018; Relkin et al.,
2021; Sun, Hu, et al., 2021a). On the other side, various studies also showed the
opposite results of computer technology in enhancing students” CT skills (Conde et al.,
2017; Jeong & Sung, 2019; Kong et al., 2020; Pellas & Vosinakis, 2018; Zhao & Shute,
2019). In conclusion, the use of computer technology had various effect levels to the
enhancement of students’ CT skills. It indicates that there are students’ heterogeneous
CT skills in which they have various CT skill levels such as low, moderate, or high. As a
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consequence, some potential factors such as educational level, group size of
intervention, geographical location, learning tool, and subject that can be predicted to
vary students’ CT skills have to be investigated comprehensively because Lipsey snd
Wilson (2001) stated that the existence of moderating factors in the given treatment can
vary the resulting effect size.

A lot of relevant studies reporting about the inconsistency of the use of computer
technology in enhancing students’ CT skills and heterogeneous students’ CT skills have
to be summarized and synthesized so the process can provide precise and clear
information and investigation. Meta-analysis, a series of quantitative methods that can
summarize and synthesize several relevant studies related to the strength among two
variables or more (Borenstein et al., 2009; Cumming, 2012), can be carried out as an
alternative solution of these problems. A few of meta-analysis studies regarding CT
skills have been widely carried out by a number of researchers. Some researchers have
studied the development of CT skills through games-based learning (Sukirman et al.,
2021; Sun, Guo, et al., 2021), and programming curriculum (Lai & Wong, 2022; Li et
al., 2020; Scherer et al., 2020; Sun, Hu, et al., 2021b). In addition, few researchers have
studied the enhancement of CT skills through scratch web design (Fidai et al., 2020; Lee
& Wong, 2021), and educational robots (Yanjun Zhang et al., 2021). Academics
achievement and Computational skill had been studied to figure out its affinity (Guan et
al., 2021; Lei et al., 2020; Merino-Armero et al., 2020). This meta-analysis study,
however, focuses on all learning media used to enhance students’ CT skills such as
scratch, app inventor, robot programming, website, computer games, and computer
software in which scratch, robot programming, computer games, and computer software
are the potential computer technologies to enhance students’ CT skills.

This recent meta-analysis study aims to summarize and examine few relevant studies
related to the enhancement of students’ CT skills through computer technology, and
investigate and examine a number of moderating factors that can be predicted in varying
students’ CT skills. In particular, some following research questions are addressed to
this current study:

1. How strong is the effect of the use of computer technology in enhancing students’

CT skills? Can the interventions using computer technology enhance students’ CT
skills?

2. Do some moderating factors such as educational level, group size of intervention,
geographical location, learning tool, and subject vary the strength of the effect of
interventions using computer technology in enhancing students’ CT skills so these
factors cause students’ heterogeneous CT skills?

METHOD

Method employed to conduct this study was meta-analysis (Borenstein et al., 2009;
Cumming, 2012). Random effect model was selected as the estimation model applied in
this meta-analysis because the primary studies involved had the heterogeneous
characteristics such as educational level, group size of intervention, geographical
location, instrument, learning tool, and subject (Fuadi et al., 2021; Jaya & Suparman,
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2021; Juandi, Kusumah, Tamur, Perbowo, & Tanu, 2021; Juandi, Kusumah, Tamur,
Perbowo, Siagian, et al., 2021; Suparman, Juandi, & Tamur, 2021a, 2021b). According
to Cooper et al. (2013) and Hunter and Schmidt (2004), there were seven steps
conducted in the meta-analysis process. The steps of meta-analysis are presented in
Figure 1.

Research Problem [ 3{ Inclusion Criteria || Literature Search

¢ Literature

Data Analysis [€ |  Data Coding Selection

\ Interpretation and

Report

Figure 1
Conducting meta-analysis

Inclusion criteria

The search of primary study electronically using the established keywords appeared
many potential documents. As a consequence, some inclusion criteria were established
to limit the research questions. The inclusion criteria were: (1) the document was
published in the period of 2011 — 2021 and indexed by Web of Science, Scopus or
Google Scholar, (2) the document was journal article, conference paper, or dissertation
written in English, (3) the document reported the sufficient statistical data to compute
effect size, (4) population in the document was student in every educational level such
as college/university, secondary school, or primary school, (5) intervention in the
document was a learning process using computer technology supported by learning tool
such as Scratch, robot, code.org, app inventor, computer games or computer software,
(6) there were documents that did not use computer technology (7) outcome in the
document was CT skills, and (8) quasi-experiment research was the design. The
inclusion criteria became the guidelines in searching and selecting the document which
would be analyzed in this study.

Literature search and selection

Some combinational keywords such as ‘“computational thinking” and “robotics
programming curriculum” or “coding-based learning” or “games-based learning” or
“web-based learning” were employed to search the document in few databases such as
Science Direct, Taylor and Francis, SAGE, Semantic Scholar and Google Scholar. The
steps conducted in selecting the document referred to Moher et al. (2009) in which there
were four steps consisting of identification, screening, eligibility, and inclusion. The
process of document selection is presented in Figure 2.
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Figure 2

PRISMA flow-diagram of document selection for the meta-analysis
Data coding

Data coding in the coding sheet contained some information such as author(s), statistics
data, moderating factors, document type, publication year, source, database, and
indexer. Some moderating factors involved in this study were investigated and examined
to make sure their role towards students’ CT skills (See Table 1).

Table 1

The distribution of documents based on moderating factors

Moderating Factors Groups Document Frequency Percentage

Educational Level Primary School 19 44,19
Secondary School 16 37,21
University or College 8 18,60

Geographical Location ~ America 11 25,58
Asia 19 44,19
Europa 13 30,23

Group Size of n <30 21 48,84

Intervention n>31 22 52,16

Learning Tool Scratch 10 23,26
Computer Games 5 11,63
Computer Software 14 32,55
Robot 7 16,28
Code.org 7 16,28

Subject Computer and Programming 33 76,75
Language 2 4,65
Mathematics and Science 8 18,60
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Data coding process involved two experts in meta-analysis study who were statistics
lecturer to make sure that the data coding was credible and valid to be used (Vevea et
al., 2019). Cohen’s Kappa test is used to measure data consistency. McHugh (2012)
proposed the formula of the Cohen’s Kappa as follows:

B Pr(a) — Pr(e)

~ 1—Pr{e)
The test result stated that Kappa value was equal to 0, 98 in which it interprets that the
agreement level of two coders is almost perfect (McHugh, 2012). It means that the data
coding involved in this meta-analysis has been credible and valid to be analyzed.
Data analysis

The Hedge’s equation was employed to calculate effect size because it could
accommodate the studies which had relatively small sample size (Lipsey & Wilson,
2001). Borenstein et al. (2009) formulated the equation as follows:

7 - 7 x(l 3 )
9= T
. . - 4df—1
|'[_1r:|1 —1)s; +(ny— 1)s3 f
\ ny +n,—2

Cohen (2018) classified the results into four categories. Starting from weak to strong, g
= 0,00 - 0,20 is considered weak, g = 0,21 — 0,50 is modest, g = 0,51- 1,00 is moderate,
and finally g > 1,00 is measured as strong. Subsequently, another Z test was also used to
examine the significance of the interventions using computer technology on students’
CT skills (Borenstein et al., 2009). In addition, to examine the significance of
moderating factors in causing students’ heterogeneous CT skills, the Cochran’s Q test
was used (Higgins et al., 2003).

Hereinafter, the statistics data in meta-analysis is said to become publication bias
(Cooper et al., 2013). As a consequence, to ensure that the statistics data was avoided
from the publication bias, funnel plot analysis and the Egger’s regression test were
carried out (Rothstein et al., 2005). The result of funnel plot analysis in Figure 3 shows
that the distribution of the collection of effect size data was symmetrical. It means that
the effect size data from every document involved in this study was resistant to
publication bias. To ensure distributed effect size data was symmetrical, Egger’s
regression test was conducted. The results of Egger’s regression test showed that t-value
was 1,167 and p-value was 0,250. It proved strong evidence that the data was
symmetrical. It interprets that statistics data collected did not indicate a significant
publication bias.
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Funnel Plot of Standard Error by Hedges's g
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Figure 3
The distribution of the collection of effect size data

FINDINGS
Effect Size on Overall Computational Thinking Skill

The reports of document search indicated that from 43 documents, 23 documents came
from google scholar, followed by eight documents from semantic scholar, six documents
from research gate, three documents from Taylor & Francis, two documents from
SAGE, and one document from science direct. In addition, these documents consisted of
one dissertation, nine conference papers, and 33 journal articles (See Figure 4).

2%

L

= Dissertation = Conference Paper = Journal Article

Figure 4
Document type

Figure 5 shows that the development of the number of documents related to the
utilization of computer technology on students’ CT skills tended to soar from 2013 to
2021. In particular, the number of documents moderately increased in the period of
2013 — 2017. Moreover, the number of documents sharply jumped in the period of 2018
— 2019 and 2020 — 2021. Meanwhile, the number of documents slightly decreased in the
period of 2017 — 2018. Moreover, the number of documents sharply fallen in the period
of 2019 — 2020.
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Figure 5
Number of documents based on publication year
Study name Statistics for each study Hedges's g and 95% C1
Hedges's  Standard Lower Upper
g error  Variance limit limit Z-Value p-Value
Noh & Lee, 2019 0427 0115 0013 0203 0652 3728 0,000
Atmatzidou & Demetriadis, 2016 0 27 0,150 -
Junetal., 2016 1,23 0,236 ——
Moreno-Leon, 2015 0,465 0,152
Pérez-Marin et al., 2018 0406 0201
ak’r, 2021 0,000 0,140
& Kim, 2016 0272 0341
Zhan%el al, 2021 1,061 0301 e —
Kim, 202 033 0275
Constantinou & Ioannou, 2018 1214 0,377 &
Esteve-Mon et al., 2019 0,747 0,141
Sulistiyo & Wijaya, 2019 0,264 0217
Kongetal, 2020 0,102 0267
Relkn et al,, 2021 0485 085
Choi et al,, 2016 0,626 0,225 o
Jeon & Song, 2019 0,746 0307 —
Pellas & Vostnakis, 2018 0,146 0,279
Zhaetal, 2020 1288 0319 —l—
Hooshyar et al., 2021 0,550 0228
Olmo-Mu~noz et al., 2020 -0.496 0,220 ——
Brackmann et al., 2019 0,357 0,320
Witherspoon et al., 2017 0,184 0,074
Witherspoon & Schunn, 2019 0375 0,156
Zhao & Shute, 2019 0,025 0,300
Rodriguez-Martinez et al, 2019 -0,034 0,287
Brackmann et al., 2017 0,863 0,242 oo
Diago et al., 2021 0464 0400 o
Chan et al,, 2020 0224 0204
Conde et a., 2017 0,085 0,191
Wahyudin et al,, 2021 0,565 0363 s
Ridlo et al., 2020 0,734 0,239 -
Félix et al., 2020 0,026 0211
Zhang et al., 2019 0,600 0285 -
Rose, 2017 <0168 0311
Barron?Estrada et al., 2021 0,258 0331
Jeong & Sun§ 2019 0,011 0306
Lopez ¢ al, 2021 0,531 0,190
Booth, 2013 0,204 0,284
Felicia etal 2017 0,614 0261 -
Tenkins, 2015 0,679 0,284 -
Guo etal,, 2016 0352 0,168
Sun et al, 2021 0444 0250
Bedar, 2020 0,672 0.361
0400 0050 200 1500 oo ® b 250
Figure 6

Forest plot of effects of interventions using computer technology on students” CT skills

Effect size of each document in Figure 6 was categorized by the classification of effect
size. The classification is presented in Figure 7.
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Figure 7
The number of documents based on the level of effect size

Figure 6 shows that overall, the various interventions utilizing computer technology in
learning process had modest effect size (g = 0,401) on students’ CT skills. In addition,
Figure 7 also shows that most of documents had modest effect size. In the overall effect
size, the significant value of the Z test was less than 0,05. It means that a lot of
interventions using computer technology in learning process significantly enhance
students’ CT skills. This indicates that the utilization of computer gave huge positive
impact on students’ CT skills.

Hereinafter, there were four documents authorized by del Olmo-Mufioz et al. (2020),
Rodriguez-Martinez et al. (2020), Félix et al. (2020), and Rose et al. (2017) reporting
that some interventions using computer technology in learning process had negative
effect size on students’ CT skills. Particularly, they revealed some reasons regarding the
use of computer technology having negative effect size on students’ CT skills (See
Table 2).

Table 2
Some reasons of the low CT skills in intervention class

Documents/Authors Reasons

Rodriguez-Martinez = Students’ low experience on CT
etal. (2019) The development of students’” computational concept that is not applied in the
elementary education

Félix et al. (2020)

Short intervention periods
A minimum time to practice CT skills

Rose et al. (2017) Scratch Jr application needs more time to finish every mission than Lightbot
application

Scratch Jr application is more difficult than Lightbot application

Students’ low CT skills
There is impact of some factors such as motivation and gender difference in the class

Olmo-Munoz et al.
(2020)

Analysis of moderating factors

This study investigated and examined some moderating factors which had potency to
cause students’ heterogeneous CT skills. Table 3 shows that the significant value of the
Q Cochrane test for each moderating factor was more than 0,05. These results mean that
educational level, group size of intervention, geographical location, learning tool, and
subject are not moderating factors causing the heterogeneity of students’ CT skills. It
indicates that the levels are not moderated by those factors.
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Heterogeneity analysis results using Q Cochrane test on the moderating factors are
shown in Table 3.

Table 3

The results of heterogeneity analysis

Moderating Group Studies Effect Heterogeneity

Factors Number Size Qb df P-value

Educational Primary School 19 0,437

Level Secondary School 16 0,384 0,384 2 0,825
University or College 8 0,359

Geographical America 11 0,325

Location Asia 19 0,499 2,421 2 0,298
Europe 13 0,347

Group Size of n<30 21 0,436

Intervention n>31 22 0,382 0,258 1 0,612

Learning Tool Computer Games 5 0,449
Computer Software 14 0,425
Robot 7 0,310 6.912 4 0,141
Scratch 10 0,581
Code.org 7 0,175

Subject Computer and Programming 33 0,389
Language 2 0,961 4,709 2 0,095
Mathematics and Science 8 0,343

DISCUSSION

Effectiveness of the utilization of computer technology on students’ CT skills

This study found that the use of computer technology in learning process had modest
positive effect on students’ CT skills in which the utilization of computer technology
significantly enhanced students’ CT skills through learning process. Some meta-analysis
studies also revealed that the interventions using Scratch in learning process
significantly enhanced students’ CT skills (Fidai et al., 2020; Lee & Wong, 2021). Fidai
et al. (2020) reported that Scratch interventions have moderate positive effect (g = 0,67;
p-value < 0,05) on students’ CT skills. Yanjun Zhang et al. (2021) also revealed that the
interventions of educational robots significantly improve students’ CT skills in which
educational robots have modest positive effect (g = 0,48; p-value < 0,05) on students’
CT skills.

Some meta-analysis reports also revealed that the interventions using computer
programming in learning process significantly enhanced students’ CT skills (Guan et al.,
2021; Lai & Wong, 2022; Merino-Armero et al., 2020; Scherer et al., 2020; Sun, Hu, et
al., 2021b). Scherer et al. (2020) reported that computer programming interventions
have moderate positive effect (g = 0,814; p-value < 0,001) on students’ CT skills.
Meanwhile, Lai and Wong (2022) reported that programming interventions have
moderate positive effect (g = 0,562; p-value < 0,01) on students’ CT skills. On the other
hand, Sun, Hu, et al. (2021b) reported that programming activities have moderate
positive effect (g = 0,601; p-value < 0,001) on students’ CT skills.

A few of meta-analysis literatures also revealed that the interventions of computer
games in learning process significantly enhanced students’ CT skills (Guan et al., 2021;
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Merino-Armero et al., 2020; Sun, Guo, et al., 2021). Sun, Guo, et al. (2021) reported
that the interventions of educational games have moderate positive effect (g = 0,766; p-
value < 0,05) on students’ CT skills. Meanwhile, Merino-Armero et al. (2020) reported
that the interventions of game-based learning have moderate positive effect (g = 0,709;
p-value < 0,01) on students’ CT skills. On the other hand, Guan et al. (2021) reported
that the interventions of game-based learning have strong positive effect (g = 1,781; p-
value < 0,03) on students’ CT skills.

These reports provide strong evidence that the interventions using computer technology
such as Scratch, robotic programming, computer programming, and computer games can
enhance students” CT skills. Students who have high CT skills can support them to
obtain the highest academic achievement. H. Lei et al. (2020) revealed that there was a
significant relationship between computational thinking and academic achievement. It
means that students can get high academic achievements when they have high CT skills.
As a consequence, students who still have low CT skills have to be intervened by
learning process using computer technology.

The interventions conducted on the documents in this study use some learning tools such
as computer games, computer software, robot, Scratch, and code.org to enhance
students’ CT skills. It shows that the use of computer technology in learning process is
able to enhance students’ CT skills. The fast development of computer technology
provides digitalization and computerization in the modern society life in the 215t century
(Sanabria & Ardmburo-Lizarraga, 2017; Silber-Varod et al., 2019). The enhancement of
students” CT skills utilizing computer technology can support students to adapt with the
rapid development of information and computer technology in the society life (Hsu et
al., 2018).

The development of computer technology in the 21t century extremely enables students
to enhance their CT skills through learning process, especially in mathematics learning.
Mathematics is a scientific field requiring students to have problem-solving skills
(NCTM, 2000), in which problem-solving skills facilitate students to get the best
academic achievement. ISTE and CSTA (2011) defined CT as a problem-solving
process comprising some criteria such as (1) formulating problems using computer and
other tools to solve it, (2) organizing and analyzing the data logically, (3) representing
the data by abstracting such as model and simulation, (4) automating the solution by
algorithm thinking, (5) identifying, analyzing, and applying the solution to get maximum
combination of steps, and (6) generalizing and transferring the problem-solving process
to various problems. It means that by learning mathematics, students’ CT skills should
be enhanced to obtain the best mathematics academic achievement. This indicates that
the interventions using computer technology in mathematics learning can support
students to achieve the best mathematics learning outcomes by enhancing their CT
skills.

Hereinafter, some documents reported that few interventions using computer technology
in learning process had negative effect on students’ CT skills. Rodriguez-Martinez et al.
(2020) revealed that students who have not carried out some problems related to
computational thinking will be difficult to finish the problems. In addition, students’ CT
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skills in the elementary education have not developed. To enhance CT skills, students
need the long intervention period in which the intervention conducted in long time will
provide the chance for teacher and student to optimize the learning process (Félix et al.,
2020). Félix et al. (2020) also revealed that teachers and students still have difficulties
when they use technology-based learning media. As a consequence, the use of computer
technology in learning process will appear new problems for teachers and students (Galy
etal., 2011).

Students do not have early knowledges, so they can’t understand and solve the problems
related to previous materials (Dunlosky et al., 2013). As a result, they can’t solve the
problems even if they have high CT skills. del Olmo-Mufioz et al. (2020) reported that
female students’ CT skills are lower than male students’ CT skills because male students
are more intensive in playing games than female students. Some literatures also showed
that the interventions of game-based learning can significantly enhance students’ CT
skills (Guan et al., 2021; Merino-Armero et al., 2020; Sun, Guo, et al., 2021). In
addition, Buitrago Florez et al. (2017) revealed that motivation have the crucial role in
learning process. Students will be difficult to understand work-flow and thinking step in
CT when they have low motivation (lversen et al., 2018; Suparman, Juandi, & Herman,
2021). Therefore, teachers as facilitators in learning process have to consider the factors
that can make students to be difficult to enhance their CT skills.

Moderating factors
Educational level

The results revealed that educational level was not moderating factor causing students’
heterogeneous CT skills. Some meta-analysis studies have proven that the heterogeneity
of students’ CT skills were not moderated by the factor of education level (Fidai et al.,
2020; Merino-Armero et al., 2020). Meanwhile, other meta-analysis studies revealed
that there were different CT skills between elementary students, secondary students, and
college students in which elementary students had more high CT skills than secondary
students and college students (Lai & Wong, 2022; Lei et al., 2020; Sun, Hu, et al.,
2021b; Yanjun Zhang et al., 2021). The findings of this study indicate that students” CT
skills in every educational level are not different in which the cognitive development of
students in every grade level is suitable to the requirement of learning materials which
students have to mastery in enhancing their CT skills.

For educational level factor, the use of computer technology in the primary school,
secondary school, and college had modest positive effect on students’ CT skills. As a
result, the interventions effect size for primary students was higher compared to
secondary students and college students’ CT skills. This indicates that the interventions
using computer technology on primary students’ CT skills are more effective than the
interventions using computer technology on secondary or college students’ CT skills.

Geographical location

The results also revealed that the students’ heterogeneous CT skills was not moderated
by the factor of geographical location. It indicates that the development of computer
technology in America, Asia, and Europe has prevalent deployment, so teachers and
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students can use it to enhance students’ CT skills in learning process. Whereas several
meta-analysis studies revealed that geographical location significantly moderated the
heterogeneity of students’ CT skills (Guan et al., 2021; Lei et al., 2020). Lei et al.
(2020) reported that there were different CT skills between eastern students and western
students, which reported eastern students had higher. In contrast, Guan et al. (2021)
reported the exact opposite.

For geographical location factor, the interventions using computer technology among
America, Asia and Europe were varied. The report said that Asia had the highest effect
size among America and Europe. It indicated that the implementation of intervention
using computer technology was more successful in Asia.

Group size of intervention

The results revealed that group size of intervention was not moderating factor causing
students’ heterogeneous CT skills. It indicates that teachers have a sufficient
pedagogical and professional skills, so they can accommodate student needs in learning
process utilizing computer technology in small classroom or large classroom. A few of
meta-analysis reports, however, revealed that group size of intervention significantly
moderated students’ heterogeneous CT skills (Sun, Guo, et al., 2021; Sun, Hu, et al.,
2021b). There were different CT skills between students who learnt in the small
classroom dan students who learnt in the large classroom in which students who learnt in
the small classroom had more high CT skills than students who learnt in the large
classroom (Sun, Guo, et al., 2021; Sun, Hu, et al., 2021b).

For group size of intervention factor, the use of computer technology in the small
classroom (n < 30 participants) and large classroom (n > 31 participants) had modest
positive effect on students’ CT skills. However, the effect size of interventions using
computer technology on students’ CT skills in the small classroom was higher than the
effect size of interventions using computer technology on students’ CT skills in the large
classroom. It indicates that the interventions using computer technology on students’ CT
skills in the small classroom are more effective than the interventions using computer
technology on students’ CT skills in the large classroom.

Learning tool

The results also revealed that the students’ heterogeneous CT skills was not moderated
by the factor of learning tool. It indicates that there are not different CT skills between
students who learnt using Scratch and students who learnt using robot, computer games,
code.org, and computer software. In contrast, some meta-analysis literatures revealed
that learning tool significantly moderated the heterogeneity of students CT skills
(Merino-Armero et al., 2020; Sun, Hu, et al., 2021b). Sun, Hu, et al. (2021b) reported
that students who learnt using website such as code.org had more high CT skills than
students who learnt using another learning tool such as Scratch, robot, and unplugged
programming. On the other hand, Merino-Armero et al. (2020) reported that students
who learnt using physical programming had more high CT skills than students who
learnt using video games, puzzle, and simulation.

For learning tool factor, positive marks were noted in the interventions using computer
games, computer software, and robot in learning process. Meanwhile, the interventions
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using Scratch in learning process had moderate positive effect on students’ CT skills. On
the other hand, the interventions using code.org in learning process had weak positive
effect on students’ CT skills. As a consequence, the effect size of interventions using
Scratch on students’ CT skills was higher than the effect size of interventions using
computer games, computer software, robot, and code.org. It indicates that the
interventions using Scratch on students’ CT skills are more effective than the
interventions using computer games, computer software, robot, and code.org.

Subject

The results revealed that subject was not moderating factor causing students’
heterogeneous CT skills. It indicates that the enhancement of students’ CT skills using
computer technology in mathematics and sciences, language, and computer and
programming is not different. Lei et al. (2020) also revealed that subject did not
moderate the heterogeneity of students” CT skills. A few of meta-analysis reports,
however, revealed that students’ heterogencous CT skills were moderated by the factor
of subject (Merino-Armero et al., 2020; Sun, Hu, et al., 2021b). Sun, Hu, et al. (2021b)
revealed that students’ CT skills in the field of STEM were higher than students” CT
skills in some subjects such as computer sciences, mathematics, music, language,
biology, and physics. Meanwhile, Merino-Armero et al. (2020) revealed that students’
CT skills in the subject of social sciences and art were higher than students’ CT skills in
several subjects such as programming, sciences, robotics, mathematics, English,
STEAM, informatics, and dance.

For subject factor, the interventions using computer technology in the language had
moderate positive effect. However, the interventions using computer technology in the
computer and programming, and mathematics and sciences had modest positive effect
on students’ CT skills. It shows that the effect size of interventions using computer
technology on students’ CT skills in the language was higher than the effect size of
interventions using computer technology on students’ CT skills in the computer and
programming, and mathematics and sciences. It indicates that the interventions using
computer technology on students’ CT skills in the language are more effective than the
interventions using computer technology on students’ CT skills in the computer and
programming, and mathematics and sciences.

CONCLUSION

This study provides some information related to the interventions using computer
technology in learning process on students’ CT skills. The interventions utilizing
computer technology have modest positive effect on students’ CT skills in which the
interventions using computer technology significantly enhance students’ CT skills (g =
0,401; p-value < 0,05). It means that the involvement of computer technology in
mathematics learning can support teachers or lecturers in enhancing students’ CT skills.
In addition, some factors such as educational level, geographical location, group size of
intervention, learning tool, and subject do not moderate the heterogeneity of students’
CT skills. It means that the level of students’ CT skills enhanced by using computer
technology is not caused by the factors. It indicates that there are other moderating
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factors that should be investigated and examined in which they extremely enable to
moderate students’ heterogeneous CT skills.

IMPLICATION

Problem-solving is one of the important skills that students have to mastery in solving
math problems, so they can achieve the high mathematics academic outcome.
Meanwhile, CT skills are defined as problem-solving process. It means that students
must have high CT skills to get the best mathematics academic achievement. The fast
development of technology in the 215t — century extremely enables teacher and student
to use computer technology in enhancing their CT skills. This study also reveals that the
interventions using computer technology such as Scratch, robot, code.org, computer
games, and computer software significantly enhance students’ CT skills. It means that
the computer technologies can be utilized in conducting the interventions in
mathematics learning to enhance students’ CT skills.

LIMITATION AND RECOMMENDATION

There are some limitations in this study. This study has not investigated and examined
other moderating factors such as intervention period, number of users in using a
computer, and learning approach or model because researchers have some difficulties to
get access of the information of the moderating factors. The moderating factors
extremely enable to cause the heterogeneity of students’ CT skills. In addition,
researchers only can get some documents in which its primary studies are conducted in
Asia, America, and Europe, but primary studies related to the interventions using
computer technology on students” CT skills conducting in Africa and AuStralia have not
been found. As a consequence, the documents obtained in this study have not
represented the reports regarding the effect of interventions utilizing computer
technology on students’ CT skills in the world. Therefore, for further relevant meta-
analysis studies, researchers have to investigate and examine other moderating factors
such as intervention period, number of users using a computer, and learning approach or
model. Researchers also should involve the documents which can represent the reports
regarding the interventions using computer technology on students’ CT skills in the
world.

ACKNOWLEDGEMENT

This study is partially funded by department of innovation and research of Universitas
Negeri Padang. In addition, this study is also partially funded by the program of World
Class University of Universitas Pendidikan Indonesia.

REFERENCES

Atmatzidou, S., & Demetriadis, S. (2016). Advancing students’ computational thinking
skills through educational robotics: A study on age and gender relevant differences.
Robotics and Autonomous Systems, 75, 661-670.
https://doi.org/10.1016/j.robot.2015.10.008

Barcelos, T. S., & Silveira, I. F. (2012). Teaching computational thinking in initial
series: An analysis of the confluence among mathematics and computer sciences in

International Journal of Instruction, April 2023 e Vol.16, No.2



Helsa, Superman, Juandi, Turmudi & Ghazali 751

elementary education and its implications for higher education. 38th Latin America
Conference on Informatics, CLElI 2012 - Conference Proceedings, 1-8.
https://doi.org/10.1109/CLEI.2012.6427135

Barrén-Estrada, M. L., Zatarain-Cabada, R., Romero-Polo, J. A., & Monroy, J. N.
(2022). Patrony: A mobile application for pattern recognition learning. Education and
Information Technologies, 27(1), 1237-1260. https://doi.org/10.1007/s10639-021-
10636-7

Bedar, R. A. H., & Al-Shboul, M. (2020). The effect of using STEAM approach on
developing computational thinking skills among high school students in Jordan.
International Journal of Interactive Mobile Technologies, 14(14), 80-94.
https://doi.org/10.3991/1JIM.V14114.14719

Booth, W. A. (2013). Mixed-methods study of the impact of a computational thinking
course on student attitudes about technology and computation. Baylor University.
https://baylor-ir.tdl.org/handle/2104/8726

Borenstein, M., Hedges, L. V., Higgins, J. P. T., & Rothstein, H. R. (2009).
Introduction to meta-analysis. John Willey and Son Ltd. https://doi.org/10.1007/978-3-
319-14908-0_2

Brackmann, Christian P., Moreno-Leén, J., Roman-Gonzélez, M., Casali, A., Robles,
G., & Barone, D. (2017). Development of computational thinking skills through
unplugged activities in primary school. ACM International Conference Proceeding
Series, November, 65-72. https://doi.org/10.1145/3137065.3137069

Brackmann, Christian Puhlmann, Barone, D. A. C., Boucinha, R. M., & Reichert, J.
(2019). Development of computational thinking in Brazilian schools with social and
economic vulnerability. International Journal for Innovation Education and Research,
7(4), 79-96. https://doi.org/10.31686/ijier.vol7.iss4.1390

Buitrago Flérez, F., Casallas, R., Hernandez, M., Reyes, A., Restrepo, S., & Danies, G.
(2017). Changing a generation’s way of thinking: Teaching computational thinking
through programming. Review of Educational Research, 87(4), 834-860.
https://doi.org/10.3102/0034654317710096

Chaabi, H., Azmani, A., & Dodero, J. M. (2019). Analysis of the relationship between
computational thinking and mathematical abstraction in primary education. ACM
International Conference Proceeding Series, 981-986.
https://doi.org/10.1145/3362789.3362881

Chan, J., & Nejat, G. (2012). Social intelligence for a robot engaging people in
cognitive training activities. International Journal of Advanced Robotic Systems, 9, 1—
13. https://doi.org/10.5772/51171

Chan, S. W.,, Looi, C. K., Ho, W. K., Huang, W., Seow, P., Wu, L., & Kim, M. S.
(2020). Computational thinking activities in number patterns: A study in a Singapore
secondary school. ICCE 2020 - 28th International Conference on Computers in
Education, 1(November), 171-176.

Choi, J., Lee, Y., & Lee, E. (2017). Puzzle based algorithm learning for cultivating

International Journal of Instruction, April 2023 e Vol.16, No.2



752 A Meta-Analysis of the Utilization of Computer Technology ...

computational thinking. Wireless Personal Communications, 93(1), 131-145.
https://doi.org/10.1007/s11277-016-3679-9

Computer Sience Teachers Association (CSTA), & International Society for
Technology Education (ISTE). (2011). Operational definition of computational thinking
for K-12 education. http://www.iste.org/docs/ct-documents/computational-thinking-
operational-definition-flyer.pdf

Conde, M. A., Fernandez-Llamas, C., Rodriguez-Sedano, F. J., Guerrero-Higueras, A.
M., Matellan-Olivera, V., & Garcia-Pefialvo, F. J. (2017). Promotng computatonal
thinking in K-12 students by applying unplugged methods and robotcs. ACM
International Conference Proceeding Series, 1-6.
https://doi.org/10.1145/3144826.3145355

Constantinou, V., & loannou, A. (2018). Development of computational thinking skills
through educational robotics. CEUR Workshop Proceedings, 2193, 1-11.

Cooper, H. M., Patall, E. A., & Lindsay, J. J. (2013). Research synthesis and meta-
analysis. In L. Bickman & D. J. Rog (Eds.), The SAGE handbook of applied social
research methods (pp. 344-370). Sage Publications Inc.
https://doi.org/https://dx.doi.org/10.4135/9781483348858

Cumming, G. (2012). Understanding the new statistics: Effect sizes, confidence
intervals, and meta-analysis. Routledge  Taylor &  Francis  Group.
https://doi.org/10.1111/j.1751-5823.2012.00187_26.x

del Olmo-Mufioz, J., Cézar-Gutiérrez, R., & Gonzélez-Calero, J. A. (2020).
Computational thinking through unplugged activities in early years of Primary
Education. Computers and Education, 150(January), 1-19.
https://doi.org/10.1016/j.compedu.2020.103832

Diago, P. D., Gonzélez-Calero, J. A., & Yafiez, D. F. (2021). Exploring the
development of mental rotation and computational skills in elementary students through
educational robotics. International Journal of Child-Computer Interaction, 11, 1-11.
https://doi.org/10.1016/j.ijcci.2021.100388

Dunlosky, J., Rawson, K. A., Marsh, E. J., Nathan, M. J., & Willingham, D. T. (2013).
Improving students’ learning with effective learning techniques: Promising directions
from cognitive and educational psychology. Psychological Science in the Public
Interest, Supplement, 14(1), 4-58. https://doi.org/10.1177/1529100612453266
Esteve-Mon, F. M., Adell-Segura, J., Nebot, M. A. L., Novella, G. V., & Aparicio, J. P.
(2019). The development of computational thinking in student teachers through an
intervention with educational robotics. Journal of Information Technology Education:
Innovations in Practice, 18, 139-152. https://doi.org/10.28945/4442

Felicia, A., Sha’rif, S., Wong, W., & Mariappan, M. (2017). Computational thinking
and tinkering: Exploration study of primary school students’ in robotic and graphical
programming. Asian Journal of Assessment in Teaching and Learning, 7, 44-54.
https://doi.org/10.37134/ajatel.vol7.5.2017

Feélix, J. M. R., Cabada, R. Z., Estrada, M. L. B., & Vara, J. F. (2020). An intelligent

International Journal of Instruction, April 2023 e Vol.16, No.2



Helsa, Superman, Juandi, Turmudi & Ghazali 753

learning environment for computational thinking. Computacion y Sistemas, 24(3),
1199-1210. https://doi.org/10.13053/CY S-24-3-3480

Fidai, A., Capraro, M. M., & Capraro, R. M. (2020). “Scratch”-ing computational
thinking with Arduino: A meta-analysis. Thinking Skills and Creativity, 38(September),
1-14. https://doi.org/10.1016/j.tsc.2020.100726

Fuadi, D. S., Suparman, S., Juandi, D., & Avip Priatna Martadiputra, B. (2021).
Technology-assisted problem-based learning against common problem-based learning in
cultivating mathematical critical thinking skills: A meta-analysis. ACM International
Conference Proceeding Series, 162—-168. https://doi.org/10.1145/3510309.3510335

Galy, E., Downey, C., & Johnson, J. (2011). The effect of using e-learning tools in
online and campus-based classrooms on student performance. Journal of Information
Technology Education:Research, 10(1), 209-230. https://doi.org/10.28945/1503

Grover, S., Pea, R., & Cooper, S. (2015). Designing for deeper learning in a blended
computer science course for middle school students. Computer Science Education,
25(2), 199-237. https://doi.org/10.1080/08993408.2015.1033142

Guan, X., Wei, G., Jiang, B., & Feng, X. (2021). Exploring the differences in the
cultivation of computational thinking in primary through meta-analysis based on the
perspective of the contrast between the east and the west. 29th International Conference
on Computers in Education Conference, ICCE 2021, 436-447.

Guggemos, J. (2021). On the predictors of computational thinking and its growth at the
high-school ~ level.  Computers and  Education,  161(October),  1-15.
https://doi.org/10.1016/j.compedu.2020.104060

Guo, Y., Wagh, A., Brady, C., Levy, S. T., Horn, M. S., & Wilensky, U. (2016). Frogs
to think with-improving students’ computational thinking and understanding of
evolution in a code-first learning environment. Proceedings of IDC 2016 - The 15th
International Conference on Interaction Design and Children, 246-254.
https://doi.org/10.1145/2930674.2930724

Haseski, H. I., llic, U., & Tugtekin, U. (2018). Defining a new 21st century skill-
computational thinking: Concepts and trends. International Education Studies, 11(4),
29-42. https://doi.org/10.5539/ies.v11n4p29

Higgins, J. P. T., Thompson, S. G., Deeks, J. J., & Altman, D. G. (2003). Measuring
inconsistency in  meta-analysis.  British Medical Journal, 327, 557-560.
https://doi.org/10.1007/s10844-006-2974-4

Hooshyar, D., Malva, L., Yang, Y., Pedaste, M., Wang, M., & Lim, H. (2021). An
adaptive educational computer game: Effects on students’ knowledge and learning
attitude in computational thinking. Computers in Human Behavior, 114(March), 1-13.
https://doi.org/10.1016/j.chb.2020.106575

Hsu, T. C., Chang, S. C., & Hung, Y. T. (2018). How to learn and how to teach
computational thinking: Suggestions based on a review of the literature. Computers and
Education, 126, 296-310. https://doi.org/10.1016/j.compedu.2018.07.004

Hunsaker, E. (2020). Computational thinking. In The K-12 Educational Technology

International Journal of Instruction, April 2023 e Vol.16, No.2



754 A Meta-Analysis of the Utilization of Computer Technology ...

Handbook (pp. 1-16). EdTech Books. https://doi.org/10.1145/1118178.1118215

Hunter, J. E., & Schmidt, F. L. (2004). Methods of meta-analysis: Correcting error and
bias in research  findings  (2nd ed.). Sage  Publications Inc.
http://libraryl.nida.ac.th/termpaper6/sd/2554/19755.pdf

Iversen, O. S., Smith, R. C., & Dindler, C. (2018). From computational thinking to
computational empowerment: a 21st century PD agenda. PDC ’18: Proceedings of the
15th Participatory Design Conference, 1-11.

Jaya, A., & Suparman, S. (2021). The use of CABRI software in mathematics learning
for cultivating geometrical conceptual understanding: A meta-analysis. ACM
International Conference Proceeding Series, 37-44.
https://doi.org/10.1145/3510309.3510316

Jenkins, C. (2015). A work in progress paper: Evaluating a microworldsbased learning
approach for developing literacy and computational thinking in cross-Curricular
contexts. ACM International Conference Proceeding Series, November, 61-64.
https://doi.org/10.1145/2818314.2818316

Jeon, L., & Song, K. S. (2019). The effect of learning analytics system towards learner’s
computational thinking capabilities. ACM International Conference Proceeding Series,
12-16. https://doi.org/10.1145/3313991.3314017

Jeong, Y. S., & Sung, Y. H. (2019). The effect of network-based PUMA teaching-
learning model on information literacy, computational thinking, and communication
skills.  Universal Journal of Educational Research, 7(5), 103-113.
https://doi.org/10.13189/ujer.2019.071512

Juandi, D., Kusumabh, Y. S., Tamur, M., Perbowo, K. S., Siagian, M. D., Sulastri, R., &
Negara, H. R. P. (2021). The effectiveness of dynamic geometry software applications
in learning mathematics: A meta-analysis study. International Journal of Interactive
Mobile Technologies, 15(2), 18-37. https://doi.org/10.3991/ijim.v15i02.18853

Juandi, D., Kusumah, Y. S., Tamur, M., Perbowo, K. S., & Tanu, T. (2021). A meta-
analysis of Geogebra software decade of assisted mathematics learning : what to learn
and where to go ? Heliyon, 7(April), 1-8. https://doi.org/10.1016/j.heliyon.2021.e06953

Jun, S. J.,, Han, S. K., & Kim, S. H. (2017). Effect of design-based learning on
improving computational thinking. Behaviour and Information Technology, 36(1), 43—
53. https://doi.org/10.1080/0144929X.2016.1188415

Kim, Y. M. (2021). The effects of pbl-based data science education program using app
inventor on elementary students’ computational thinking and creativity improvement.
Ilkogretim Online, 20(1), 1305-1316. https://doi.org/10.17051/ilkonline.2021.01.124

Kim, Y. M., & Kim, J. H. (2016). Application of a software education program
developed to improve computational thinking in elementary school girls. Indian Journal
of Science and Technology, 9(44), 1-9. https://doi.org/10.17485/ijst/2016/v9i44/105102

Kong, S. C., Lai, M., & Sun, D. (2020). Teacher development in computational
thinking: Design and learning outcomes of programming concepts, practices and
pedagogy. Computers and Education, 151(March), 1-109.

International Journal of Instruction, April 2023 e Vol.16, No.2



Helsa, Superman, Juandi, Turmudi & Ghazali 755

https://doi.org/10.1016/j.compedu.2020.103872

Lai, X., & Wong, G. K. wai. (2022). Collaborative versus individual problem solving in
computational thinking through programming: A meta-analysis. British Journal of
Educational Technology, 53(1), 150-170. https://doi.org/10.1111/bjet.13157

Lee, C.-S., & Wong, K. D. (2021). Comparing computational thinking in Scratch and
Non-Scratch web design projects: A meta-analysis on framing and refactoring. 29th
International Conference on Computers in Education Conference, ICCE 2021, 457-
462.

Lei, H., Chiu, M. M., Li, F., Wang, X., & Geng, Y. jing. (2020). Computational thinking
and academic achievement: A meta-analysis among students. Children and Youth
Services Review, 118(September), 1-8.
https://doi.org/10.1016/j.childyouth.2020.105439

Lewis, C. M., & Shah, N. (2012). Building upon and enriching grade four mathematics
standards with programming curriculum. SIGCSE’12 - Proceedings of the 43rd ACM
Technical Symposium on Computer Science Education, 57-62.
https://doi.org/10.1145/2157136.2157156

Li, Y., Schoenfeld, A. H., DiSessa, A. A., Graesser, A. C., Benson, L. C., English, L. D.,
& Duschl, R. A. (2020). Computational thinking is more about thinking than computing.
Journal for STEM Education Research, 3(1), 1-18. https://doi.org/10.1007/s41979-020-
00030-2

Lipsey, M. W., & Wilson, D. (2001). Applied social research methods series. Sage
Publications Inc. https://psycnet.apa.org/record/2000-16602-000

Maharani, S., Kholid, M. N., Pradana, L. N., & Nusantara, T. (2019). Problem-solving
in the context of computational thinking. Infinity: Journal of Mathematics Education,
8(2), 109-116.

McHugh, M. L. (2012). Interrater reliability : the kappa statistic. Biochemica Medica,
22(3), 276-282. https://hrcak.srce.hr/89395

Merino-Armero, J. M., Gonzalez-Calero, J. A., & Cozar-Gutiérrez, R. (2020).
Computational thinking in K-12 education. An insight through meta-analysis. Journal of
Research on Technology in Education, 0(0), 1-26.
https://doi.org/10.1080/15391523.2020.1870250

Moher, D., Liberati, A., Tetzlaff, J., & Altman, D. G. (2009). Preferred reporting items
for systematic reviews and meta-analyses: The PRISMA statement. BMJ (Online),
339(7716), 332-336. https://doi.org/10.1136/bmj.b2535

Moreno-Ledn, J., Robles, G., & Roman-Gonzalez, M. (2015). Dr. Scratch: Automatic
analysis of Scratch projects to assess and foster computational thinking. Revista de
Educacion a Distancia (RED), 46, 1-23. https://doi.org/10.6018/red/46/10

NCTM. (2000). Principles and standards for school mathematics. The National Council
of Teachers of Mathematics, Inc.

Noh, J., & Lee, J. (2020). Effects of robotics programming on the computational

International Journal of Instruction, April 2023 e Vol.16, No.2



756 A Meta-Analysis of the Utilization of Computer Technology ...

thinking and creativity of elementary school students. Educational Technology Research
and Development, 68(1), 463—484. https://doi.org/10.1007/s11423-019-09708-w

Olmo-Mu~noz, J. del, C@ozar-Guti@errez, R., & Gonz€alez-Calero, J. A. (2020).
Computational thinking through unplugged activities in early years of Primary
Education. Computers & Education, 150, 1-19.
https://doi.org/10.1016/j.compedu.2020.103832

Park, K.-E., & Lee, S.-G. (2015). Improving computational thinking abilities through
the teaching of mathematics with sage. Communications of Mathematical Education,
29(1), 19-33. https://doi.org/10.7468/jksmee.2015.29.1.19

Peel, A., Fulton, J., & Pontelli, E. (2015). DISSECT: An experiment in infusing
computational thinking in a sixth grade classroom. Proceedings - Frontiers in Education
Conference, FIE, 1-8. https://doi.org/10.1109/FIE.2015.7344240

Pellas, N., & Vosinakis, S. (2018). The effect of simulation games on learning computer
programming: A comparative study on high school students’ learning performance by
assessing computational problem-solving strategies. Education and Information
Technologies, 23(6), 2423-2452. https://doi.org/10.1007/s10639-018-9724-4

Pérez-Marin, D., Hijon-Neira, R., Bacelo, A., & Pizarro, C. (2018). Can computational
thinking be improved by using a methodology based on metaphors and scratch to teach
computer programming to children? Computers in Human Behavior, 105, 1-25.
https://doi.org/10.1016/j.chb.2018.12.027

Quitério Figueiredo, J. A. (2017). How to improve computational thinking: A case
study. Education in the Knowledge Society (EKS), 18(4), 35-51.
https://doi.org/10.14201/eks20171843551

Relkin, E., de Ruiter, L. E., & Bers, M. U. (2021). Learning to code and the acquisition
of computational thinking by young children. Computers and Education,
169(September), 1-15. https://doi.org/10.1016/j.compedu.2021.104222

Ridlo, Z. R., Indrawati, Afafa, L., Bahri, S., Kamila, I. S., & Rusdianto. (2021). The
effectiveness of research-based learning model of teaching integrated with computer
simulation in astronomy course in improving student computational thinking skills.
Journal of Physics: Conference Series, 1839(1), 1-14. https://doi.org/10.1088/1742-
6596/1839/1/012027

Rodriguez-Martinez, J. A., Gonzalez-Calero, J. A., & Séez-Lopez, J. M. (2020).
Computational thinking and mathematics using Scratch: an experiment with sixth-grade
students. Interactive Learning Environments, 28(3), 316-327.
https://doi.org/10.1080/10494820.2019.1612448

Rose, S. P., Jacob Habgood, M. P., & Jay, T. (2017). An exploration of the role of
visual programming tools in the development of young children’s computational
thinking. Electronic Journal of E-Learning, 15(4), 297-309.
https://doi.org/10.34190/ejel.15.4.2368

Rothstein, H. R., Sutton, A. J., & Borenstein, M. (2005). Publication bias in meta-
analysis: Prevention, assessment and adjustments. John Willey and Son Ltd.

International Journal of Instruction, April 2023 e Vol.16, No.2



Helsa, Superman, Juandi, Turmudi & Ghazali 757

https://doi.org/10.1002/0470870168

Sanabria, J. C., & Aramburo-Lizarraga, J. (2017). Enhancing 21st century skills with
AR: Using the gradual immersion method to develop collaborative creativity. Eurasia
Journal of Mathematics, Science and Technology Education, 13(2), 487-501.
https://doi.org/10.12973/eurasia.2017.00627a

Scherer, R., Siddiq, F., & Sanchez Viveros, B. (2020). A meta-analysis of teaching and
learning computer programming: Effective instructional approaches and conditions.
Computers in Human Behavior, 109, 1-18. https://doi.org/10.1016/j.chb.2020.106349

Silber-Varod, V., Eshet-Alkalai, Y., & Geri, N. (2019). Tracing research trends of 21st-
century learning skills. British Journal of Educational Technology, 50(6), 1-20.
https://doi.org/10.1111/bjet.12753

Sukirman, S., Ibharim, L. F. M., Said, C. S., & Murtiyasa, B. (2021). A strategy of
learning computational thinking through game based in virtual reality: Systematic
review and conceptual framework. Informatics in Education, 21(1), 179-200.
https://doi.org/10.15388/infedu.2022.07

Sulistiyo, M. A. S., & Wijaya, A. (2020). The effectiveness of inquiry-based learning on
computational thinking skills and self-efficacy of high school students. Journal of
Physics:  Conference  Series, 1581(1), 1-10. https://doi.org/10.1088/1742-
6596/1581/1/012046

Sun, L., Guo, Z., & Hu, L. (2021). Educational games promote the development of
students’ computational thinking: a meta-analytic review. Interactive Learning
Environments, 0(0), 1-15. https://doi.org/10.1080/10494820.2021.1931891

Sun, L., Hu, L., & Zhou, D. (2021a). Single or combined? A study on programming to
promote junior high school students’ computational thinking skills. Journal of
Educational Computing Research, 60(2), 283-321.
https://doi.org/10.1177/07356331211035182

Sun, L., Hu, L., & Zhou, D. (2021b). Which way of design programming activities is
more effective to promote K-12 students’ computational thinking skills? A meta-
analysis. Journal of Computer Assisted Learning, 37(4), 1048-1062.
https://doi.org/10.1111/jcal.12545

Suparman, Juandi, D., & Tamur, M. (2021a). Review of problem-based learning trends
in 2010-2020: A meta-analysis study of the effect of problem-based learning in
enhancing mathematical problem-solving skills of Indonesian students. Journal of
Physics: Conference Series, 1722(012103), 1-9. https://doi.org/10.1088/1742-
6596/1722/1/012103

Suparman, Juandi, D., & Tamur, M. (2021b). Does problem-based learning enhance
students’ higher order thinking skills in mathematics learning? A systematic review and
meta-analysis. The 4th International Conference on Big Data and Education, 44-51.
https://doi.org/https://doi.org/10.1145/3451400.3451408

Suparman, S., Juandi, D., & Herman, T. (2021). Achievement emotions of female
students in mathematical problem-solving situations. Journal of Physics: Conference

International Journal of Instruction, April 2023 e Vol.16, No.2



758 A Meta-Analysis of the Utilization of Computer Technology ...

Series, 1806(1), 1-7. https://doi.org/10.1088/1742-6596/1806/1/012106

Tabesh, Y. (2017). Computational thinking: A 21st century skill. Olympiads in
Informatics, 11, 65-70. https://doi.org/10.15388/i0i.2017.special.10

Valovicova, L., Ondruska, J., Zelenicky, L., Chytry, V., & Medova, J. (2020).
Enhancing computational thinking through interdisciplinary steam activities using
tablets. Mathematics, 8(12), 1-15. https://doi.org/10.3390/math8122128

Vevea, J. L., Zelinsky, N. A. M., & Orwin, R. G. (2019). Evaluating coding decisions.
In The handbook of research synthesis and meta-analysis (3rd ed., pp. 174-201).
Russel Sage Foundation. https://doi.org/https://doi.org/10.7758/9781610448864

Wahyudin, W., Rishanty, A. M., Nursalman, M., Nazir, S., & Riza, L. S. (2021).
Learning through computer science unplugged on team assisted individualization on the
computational thinking ability. Linguistics and Culture Review, 5(3), 1442-1452.
https://doi.org/10.21744/lingcure.v5ns3.1841

Yadav, A., Stephenson, C., & Hong, H. (2017). Computational thinking for teacher
education. Communications of the ACM, 60(4), 55-62. https://doi.org/10.1145/2994591

Yadav, A., Zhou, N., Mayfield, C., Hambrusch, S., & Korb, J. T. (2011). Introducing
computational thinking in education courses. SIGCSE’11 - Proceedings of the 42nd
ACM Technical Symposium on Computer Science Education, 2, 465-470.
https://doi.org/10.1145/1953163.1953297

Zha, S., Morrow, D. A. L., Curtis, J., & Mitchell, S. (2021). Learning culture and
computational thinking in a Spanish course: A development model. Journal of
Educational Computing Research, 59(5), 844-869.
https://doi.org/10.1177/0735633120978530

Zhang, J. H., Meng, B., Zou, L. C., Zhu, Y., & Hwang, G. J. (2021). Progressive
flowchart development scaffolding to improve university students’ computational
thinking and programming self-efficacy. Interactive Learning Environments, 0(0), 1-18.
https://doi.org/10.1080/10494820.2021.1943687

Zhang, Yanjun, Luo, R., Zhu, Y., & Yin, Y. (2021). Educational robots improve K-12
students’ computational thinking and STEM attitudes: Systematic review. Journal of
Educational Computing Research, 59(7), 1450-1481.
https://doi.org/10.1177/0735633121994070

Zhang, Yulin, Wang, M., Nie, Y., & Zhang, L. (2019). Exploratory research on
graphical programming to improve pupils * computational thinking ability: Taking a
programming cat as an example. 1st International Education Technology and Research
Conference, letrc, 498-502. https://doi.org/10.25236/ietrc.2019.104

Zhao, W., & Shute, V. J. (2019). Can playing a video game foster computational
thinking skills? Computers and Education, 141, 1-40.
https://doi.org/10.1016/j.compedu.2019.103633

International Journal of Instruction, April 2023 e Vol.16, No.2



