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Abstract – This study is a meta-analysis that 
identifies several publications focusing on the effect of 
computational thinking skills (CTS) on the academic 
achievement of engineering education students at the 
higher education level. Publications were sourced from 
Google Scholar and Scopus metadata using the Publish 
or Perish application, with a search time range of 2014-
2023. Initial analysis was carried out using statistical 
formulas with Microsoft Excel, and meta-analysis 
results were generated using JASP software. A total of 
6 publications were analyzed to determine how much 
influence CTS has on students' academic achievement. 
The results of the analysis provide evidence that the 
overall effect is 54%, which falls into the medium 
category. The study highlights that innovation, 
challenge, and opportunity significantly enhance 
student learning outcomes by fostering skill 
development, motivating problem-solving, and 
encouraging the exploitation of new opportunities.  
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These findings offer valuable insights for curriculum 
developers, educators, and policymakers aiming to 
incorporate CTS-focused strategies to bolster academic 
achievement.  
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1. Introduction

In contemporary society, technology has evolved
quickly, having a significant impact on various 
aspects of daily life. This swift development has 
changed the way people communicate, work, and 
learn. Technology simplifies all activities, providing 
quick and easy access that encourages continuous 
use. As a result, its adoption has been rapid and 
widespread globally [1], [2].  

This development impacts various life sectors, 
including social, health, economic, and education [3]. 
In the social sector, technology is applied in various 
capacities to monitor trends and social issues (CCTV 
and smart city technologies). In the health sector, 
advanced medical devices are equipped with sensors 
to automatically and accurately detect internal 
diseases (magnetic resonance imaging, CT scans, 
ultrasonography devices). In the economic sector, 
automatic sensors are used to detect economic trends 
(blockchain, automated trading systems, and mobile 
banking). In the education sector, advanced 
technology is used for student learning access and 
teacher assessments (online collaboration tools, 
immersive learning, e-books and digital resources, 
and learning management systems). 
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Technology now plays a crucial role in all aspects 
of learning, from planning and implementation to 
evaluation. Specifically, in the field of engineering 
education, technology has driven significant changes 
in how students learn, enhancing the quality of 
education. This is evidenced by the widespread use 
of online learning platforms (google classroom, e-
learning, zoom meeting), simulation software for 
practical engineering training (matlab, autocad, 
augmented and virtual reality), and the incorporation 
of electronic devices for collaborative projects and 
assessments (kahoot! and quizziz) [4].  

According to numeorus studies, these 
technological advancements enable more interactive 
and personalized learning experiences, increase 
student engagement, and result in better academic 
outcomes [5]. Furthermore, the ability to access vast 
resources and connect with experts from around the 
world enhances the educational experience and 
prepares students for the demands of today's 
engineering landscape. 

Engineering education is a comprehensive system 
designed to equip students with specific 
competencies for careers in fields such as mechanical 
engineering, automotive engineering, computer 
engineering, and electronics engineering, among 
others. In mechanical engineering classes, students 
apply principles such as fluid dynamics and 
thermodynamics to design complex systems, 
including lathe machines with integrated 
transmission mechanisms. Automotive engineering 
students employ algorithms related to the internal 
combustion cycle such as intake, compression, 
combustion, exhaust, to design and optimize vehicle 
systems, encompassing powertrains, transmission 
systems, cooling mechanisms, and exhaust systems. 
In the realm of computer engineering, students delve 
into programming languages such as C++, 
JavaScript, and Python, subsequently abstracting 
these languages into functional applications. 
Meanwhile, electronics engineering students 
deconstruct components like integrated circuits (ICs), 
resistors, capacitors, and batteries to engineer devices 
such as flip-flop circuits and other advanced 
electronic apparatus. This rigorous approach ensures 
that graduates are well-prepared to meet the demands 
of modern engineering challenges. 

Given these considerations, it is critical that 
students are equipped with the necessary skills to 
excel in their respective fields of engineering. One 
critical skill is computational thinking (CTS). 
Individuals with CTS are distinguished by their 
ability to solve problems methodically, using logical 
and organized steps. Engineering education, by 
providing a solid foundation in computational 
thinking, can prepare students to succeed in an ever-
changing workplace.  

Several previous studies have empirically 
demonstrated that CTS improves students’ academic 
achievement. For example, computational thinking 
has been shown to improve learning outcomes in 
elementary schools [6], [7], middle schools [8], and 
high schools [9]. Furthermore, CTS contributes to 
improved learning outcomes in K-12 education [10], 
technical schools, and higher education institutions 
[11]. However, these studies cover all educational 
levels, making it difficult to determine the 
importance of computational thinking at a specific 
level. We have chosen to focus solely on the impact 
of computational thinking skills in higher education. 
This decision is motivated by universities' critical 
role in preparing students for a broader range of 
opportunities compared to primary, secondary, and 
high school education. Moreover, higher education 
provides a more nuanced and relevant understanding 
of how these skills can improve learning outcomes in 
preparation for the transition to the industrial realm.  

Therefore, this study seeks to uncover the extent 
of this influence, encapsulated within a meta-analysis 
aimed at providing a clearer understanding of how 
computational thinking skills (CTS) impact the 
academic achievement of engineering students at the 
higher education. By analyzing data from various 
previous publications, this study aims to determine 
the magnitude of the effect of CTS on student 
academic achievement. Additionally, we endeavor to 
unveil insights into how innovation, challenge, and 
opportunity within each publication influence student 
learning outcomes. The findings of this study are 
expected to offer deeper insights into the relationship 
between CTS and academic achievement, as well as 
provide recommendations for educational policies to 
be more effective. 

 
1.1. Literature Review  

Seymour Papert introduced the concept of 
“computational thinking” (CT) between 1980 and 
1996  [12]. Papert suggested that all children should 
learn to use computers to improve their intellectual 
abilities. This aims to sharpen their thinking so they 
can think quickly, similar to how computers operate 
[13]. Papert's recommendation stemmed from his 
collaboration with Piaget in 1965, where he observed 
that children develop their intellectual abilities 
through self-directed, structured learning. This is not 
to diminish the value of teacher-led instruction, but 
rather to emphasize that self-initiated learning fosters 
a deeper and more meaningful understanding.    

In March 2006, Jeanette Wing reintroduced the 
concept of computational thinking [14], [15]. This 
abilities involve fundamental computer science 
concepts in order to solve problems, design systems, 
and understand human behavior.  
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Since then, this skill set has evolved in response 
to changing times, and many people now recognize it 
as computational thinking skills (CTS) due to its 
inclusion of various competencies.  

 Academics worldwide have extensively 
researched CTS, particularly within the realm of 
engineering education. These investigations seek to 
identify the various factors that contribute to the 
enhancement of these skills among students. 
Furthermore, they aim to ascertain the most effective 
pedagogical strategies for fostering the development 
of computational thinking abilities in this discipline. 
The findings reveal that critical factors for improving 
these skills in students include digital literacy and 
metacognitive awarness [16],  [17].  Furthermore, the 
most efficacious teaching methodologies for 
fostering CTS are problem-based learning (PBL) and 
project-based learning (PjBL) [18], [19]. Problem-
based learning underscores the importance of 
problem-solving throughout the educational journey, 
encouraging students to independently tackle and 
resolve issues. Conversely, project-based learning 
requires students to develop innovative products 
pertinent to their specific fields of study.  

 
 
 

 
 

Both methodologies promote critical thinking and 
practical application, which are indispensable for 
mastering computational thinking skills in 
engineering education. 

These skills are inextricably linked to engineering 
education because it requires students to solve 
problems, develop innovations, design and build 
complex systems, analyze and evaluate data, and 
apply theoretical knowledge to real-world scenarios 
[20].  

This principle transcends the confines of 
computer engineering, extending its relevance across 
the spectrum of engineering disciplines, including 
mechanical, automotive, civil, electrical, electronics, 
and beyond. This demand emphasizes the importance 
of students in engineering education having the 
necessary skills to complete these tasks. Generally, 
CTS consist of several key components, including 
abstraction, algorithms, decomposition, and pattern 
recognition [21], [22], [23]. These components are 
frequently regarded as fundamental to the 
development of computational skills, constituting the 
core of skills that must be mastered. CTS's scope 
expands over time. According to Ha Chu Chang) 
[25] individuals with strong CTS master 19 different 
skills. 

 
  

 
 

Figure 1.  Basic components of CTS [24] 
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Table 1.  Classification of (CTS) based on  

 

No. Category Skills Definition Resources 

1 Data 
management 

Data analysis Examining, interpreting, and transforming data to 
extract meaningful insights. 

[26], [27] 

Data collection Gathering information or data from various sources to 
use for analysis. 

[28] 

Data representation Representing information or data in a format that is 
easy for humans to understand and interpret. 

[29], [30] 

2 Problem 
solving and 
strategy 

Algorithm design Creating efficient methods for solving problems. [31] 

Modelling Creating abstract representations of real-world 
systems, processes, or phenomena. 

[32], [33] 

Problem solving Identifying, analyzing, and finding solutions to 
complex challenges. 

[34], [35], [7] 

Simulation Creating a model or virtual representation of a real-
world system, process, or phenomenon. 

[36] 

Transformation Thinking refers to the process of converting data from 
one format, structure, or state to another. 

[37], [38] 

3 Logical 
thinking and 
pattern 

Conditional logic Making decisions based on specific conditions. [39], [40] 

Error detection  Identifying and flagging mistakes, inconsistencies, or 
anomalies in data or code. 

[41] 

Pattern 
generalization  

Identifying common patterns or trends in specific 
examples and apply them more broadly to new or 
different situations. 

[42] 

Pattern recognition  Observing and interpreting data to find consistent 
features or similarities across different sets of 
information. 

[43], [44] 

3 Abstraction 
and 
decomposition 

Abstraction Reducing complexity by focusing on the essential 
characteristics of something while ignoring the 
irrelevant details. 

[45], [46] 

Decomposition  Breaking down complex problems or tasks into 
smaller, more manageable parts. 

[47], [48], 
[49] 

Parallelization  Dividing a problem into smaller, independent tasks 
that can be executed simultaneously. 

[47] 

4 Automation 
and efficiency 

Automation Using technology to perform tasks with minimal 
human intervention. 

[50], [51] 

Efficiency Optimization of processes, algorithms, and code to 
achieve desired outcomes with minimal resource 
usage, such as time, memory, and computing power. 

[52] 

5 Connection 
and 
visualization 

Connection Establishing links or relationships between different 
data sets, concepts, or systems to gain insights or 
create integrated solutions. 

[53], [54] 

Visualization Representing data or information in graphical or visual 
formats, such as charts, graphs, maps, or diagrams. 

[55] 

 
Table 1 presents specific categories of CTS, 

offering a broader perspective on the scope and 
complexity of these skills. Each category is 
interrelated. Data management involves processing 
raw data into meaningful information, problem-
solving and strategy focus on resolving and 
predicting relationships within specific and complex 
problems to find optimal solutions, logical thinking 

and pattern prioritizes logical and rational thinking in 
every task, abstraction and decomposition group 
problems into descriptive forms for easier analysis, 
automation and efficacy aim for effectiveness and 
efficiency in tasks, while connection and 
visualization relate to the ability to link various 
datasets or concepts and represent them visually. 
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2. Methodology  
 

The methodology of this study consists of three 
main components. Firstly, formulating the research 
questions that will serve as the central focus in 
guiding the objectives and contributions of this study. 
Secondly, conducting a thorough and comprehensive 
literature review of publications relevant to the 
research topic. This process entails identifying, 
selecting, and evaluating information sources related 
to the analyzed theme. Lastly, it involves the 
application of precise and meticulous statistical 
analysis techniques to interpret the collected data and 
reveal significant findings related to the research 
questions. 

 
2.1. Reserach Question 

 
Based on the background previously outlined, we 

formulated the research question using the PICO 
framework [56]: students in engineering education 
(P), the implementation of computational thinking 
skills (CTS) integrated with learning technologies (I), 
methods of instruction without the integration of 
computational thinking skills (CTS) or traditional 
teaching methods (C), and student academic 
achievement (O). 
RQ1: Is an instructional method focused on the 
development of computational thinking skills (I) 
more effective for engineering education students (P) 
compared to traditional methods (C), as measured by 
student learning outcomes (O)? 

Additionally, to understand the impact of 
innovations, challenges, and opportunities on 
academic achievement, we propose the following 
research question: 
RQ2: How do innovations, challenges, and 
opportunities (C) in the development of 
computational thinking skills (I) influence the 
academic achievement (O) of engineering education 
students (P)? 
 
3. Data Collection and Review Process 

The entire set of publications was collected from 
Google Scholar and Scopus metadata using the 
keywords "computational thinking skills" AND 
"technology" AND "engineering education" with the 
assistance of the Publish or Perish software. The 
search for articles was conducted using inclusion 
criteria, which comprised articles that aligned with 
predetermined requirements and research objectives. 
Exclusion criteria were also applied, focusing on 
articles that did not meet specific requirements [57]. 
The criteria in the inclusion process include: 

I1: All articles discussing the application of 
computational thinking skills in engineering 
education published between 2014 and 2023. 
I2: Articles with experimental methods that include 
both experimental and control groups, as well as pre-
test and post-test scores available for each group. 
I3: Articles providing sample size (N), mean (M), 
and standard deviation (SD) values. 
I4: Articles integrating technology with 
computational thinking skills. 

Following the selection of the chosen 
publications, we proceeded with exclusions:  
E1: Articles not written in English. 
E2: Articles lacking the required data completeness 
for analysis. Additionally, articles with unclearly 
presented methods and data analysis were excluded. 

To facilitate the retrieval and screening of articles 
according to the aforementioned criteria, we utilized 
the PRISMA method. This method enabled us to 
organize and report the search results more 
transparently, thereby ensuring that the analyzed 
articles met the established inclusion criteria. 

 

 
 

Figure 2.  Research procedures using the PRISMA method 
 
4. Data Analysis 

 
The analysis was conducted using the meta-

analysis method with a random-effects model, 
employing JASP software. Prior to analysis, the data 
were organized in terms of sample size (N), mean 
(M), and standard deviation (SD). Initial analysis was 
performed using Microsoft Excel to calculate 
additional details such as effect size and standard 
error.  
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Specific mathematical formulas were utilized to 
compute the effect size and standard error.  

  

 
 

Description: 
g = effect size 
Seg = standar error 
xe  and xc  = mean of experimental and control group 
Se and Sc = standar deviation of experimental and 
control group 

n, ne and nc = total of samples, and number of 
samples in the experimental and control group. 
 
5. Results 
 

After adhering to the PRISMA guidelines, which 
encompass the stages of identification, screening, 
eligibility assessment, and inclusion (Figure 2), we 
excluded 9 duplicate articles. Subsequently, we 
meticulously reviewed each of the remaining 227 
articles. Our screening process involved a thorough 
examination of the titles and abstracts, followed by a 
detailed assessment of the data pertinent to our study. 
Consequently, from the initial 227 articles, we 
selected 6 that aligned with the criteria and objectives 
of this research. 

 
Table 2.  Data recapitulation 

 

Study Author (year) 
Experiment Group Control Group 

g SEg 
N M SD N M SD 

1 Shell, et al., (2015), [58] 90 7,47 2,56 90 6,14 3,01 0,47 0,15 

2 Magana, et al., (2016), [59] 14 58,92 23,22 14 35,71 25,41 0,93 0,39 

3 Mendoza et al, (2023), [60] 88 7,38 2,44 88 5,62 2,45 0,72 0,16 

4 Wang, et al., (2022), [61] 65 3,87 0,66 39 3,77 0,60 0,16 0,20 

5 Congo, et al., (2021) , [62] 15 47,53 12,66 16 46,06 8,24 0,13 0,36 

6 Liu, et al., (2023), [63] 176 4,35 0,55 165 3,93 0,66 0,69 0,11 

 
Table 2 compiles data extracted from the 

reviewed articles, presenting details such as sample 
size (N), mean (M), and standard deviation (SD) for 
both experimental and control groups, along with 
effect size (g) and standard error (SEg) for each 
article. This dataset facilitates a thorough analysis to 
ascertain whether the implementation of a learning 
intervention in the experimental group yielded 
statistically significant outcomes compared to the 
control group without the intervention. The dataset 
derived from Microsoft Excel analysis, 
encompassing effect size and standard error, serves 
as the primary dataset for subsequent meta-analysis 
using the JASP framework. The overarching aim is 
to discern the substantial influence of computational 
thinking skills on student learning outcomes. 

5.1. Heterogeneity Test 

In this study, a random-effects model was 
employed to address the heterogeneity present among 
the studies under analysis. This model recognizes 
that the true effect size may differ across various 
studies due to differences in conditions, populations, 
or methodologies.  

 

By accounting for this variability in the analysis, 
the random-effects model offers a more inclusive 
estimate of the effect size, capturing the wider 
spectrum of potential outcomes across the included 
studies [64]. Additionally, it evaluates the significant 
variation between the groups or conditions being 
compared [65]. A random-effects hedge model was 
utilized in this study. 

Table 3.  Heterogeneity test 
 

Fixed and Random Effects Q df P 

Omnibus test of model 
coefficients 

26.689 1 <0.001 

Test of residual heterogeneity 9.062 5 <0.107 

The results of the meta-analysis test indicate a 
statistically significant effect based on the Omnibus 
test of model coefficients. The value of Q is 26.689 
with 1 degree of freedom (df), and the p-value is less 
than 0.001, indicating strong evidence to support the 
model used. 

Meanwhile, the test of residual heterogeneity 
shows no significant heterogeneity among the 
analyzed studies.  
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The value of Q is 9.062 with 5 degrees of freedom 
(df), and the p-value is 0.107, which is greater than 
the significance threshold of 0.05 [66]. These results 
indicate that the studies are sufficiently consistent, 
and their findings can be validly combined in the 
meta-analysis. 

5.2. Summary Effect 

RQ1: Is an instructional method focused on the 
development of computational thinking skills (I) 
more effective for engineering education students (P) 
compared to traditional methods (C), as measured by 
student learning outcomes (O)? 

The summary effect size test in a meta-analysis 
aims to provide a single, synthesized estimate of the 
average impact of an intervention or relationship 
between variables across a sample of studies. This 
offers a comprehensive view of the overall effect of 
the measured variable, accounting for differences in 
study contexts and methodologies. By utilizing a 
random-effects model, the meta-analysis 
acknowledges potential variations among the studies 
and seeks to generalize findings beyond individual 
results [67], [68]. 

 

 In the context of this meta-analysis, the random-
effects model was employed to determine whether 
there is a significant positive relationship between 
the implementation of computational thinking skills 
and the enhancement of students' learning outcomes 
in engineering education. The results of the analysis 
are presented in Table 4. 

 
Table 4.  Summary effect 

 

 95% 
Confidence 
Interval 

Estimate Standard 
Error 

z p Lower Upper 

0.587 0.104 5.166 < .001 0.333 0.741 

Based on Table 4, the random-effects model 
demonstrated a statistically significant positive 
impact between computational thinking skills (CTS) 
and students' academic achievement. The effect size 
of CTS fell into the medium category (rRE = 0.537). 
This interpretation was based on Cohen (2013), 
where effect sizes of 0.1 are considered small, 0.5 
medium, and 0.8 large. The forest plot illustrating 
these findings is presented in Figure 3. 
 

 
 

Figure 3.  Forest plot 
 

Figure 3 displays the results of the analysis of 6 
publications on computational thinking skills (CTS) 
and student learning outcomes, indicating an 
estimated effect size of 0.54 or 54%. This finding 
suggests a significant relationship between CTS and 
student learning outcomes. The effect size of 0.54 
reflects a moderate impact, indicating that 
improvements in students' CTS abilities have the 
potential to substantially enhance their learning 
outcomes. 

 
 

6. Publication Bias 

The funnel plot, Egger's regression, and fail-safe 
N were utilized to evaluate publication bias. The 
funnel plot (Figure 4) serves as a graphical tool to 
illustrate the relationship between effect size and 
study precision. Ideally, in the absence of publication 
bias, the plot should resemble an inverted funnel, 
with studies symmetrically distributed around the 
overall effect size. Any asymmetry in the plot may 
indicate potential publication bias.  
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Egger's regression, on the other hand, is a 
statistical test that examines the relationship between 
effect size and study precision . A significant result 
in this test may suggest the presence of publication 
bias, quantifying the extent of bias by analyzing the 
degree of asymmetry in the funnel plot.  

 

Additionally, fail-safe N is a calculation used to 
estimate the number of unpublished or missing 
studies with null results that would need to be added 
to significantly alter the overall effect size. A high 
fail-safe N indicates that the meta-analysis results are 
robust and less likely to be influenced by potential 
missing studies. 

 

 
 

Figure 4.  Funnel plot 
 

Figure 4 depicts that the funnel plot derived from 
the analysis exhibited a tendency towards symmetry 
[70]. The distribution of the analyzed studies 
appeared to be even, indicating no publication bias in 
the meta-analysis. Fail-safe N and Egger's Test were 
conducted to further enhance the comprehensiveness 
of the data and complement the findings.  

According to the fail-safe N criteria (N > 5k + 10, 
where k = number of original studies) [66],  with k = 
6, the threshold for N was 40. The results indicated 
that N = 107, surpassing the threshold of 40 
significantly. The significance level was set at 0.05, 
with an observed p-value of less than 0.001. This 
high fail-safe N suggests that the findings of the 
meta-analysis are robust and unlikely to be 
overturned [71]. 

 
 
 
 
 
 
 
 

 
Egger's regression was also conducted to enhance 

the comprehensiveness of the data [72], [70], [73]. 
The test necessitated a p-value greater than 0.05, and 
the observed p-value was 0.922, confirming the 
absence of publication bias in these studies. These 
results collectively bolster the reliability and validity 
of the meta-analysis findings, indicating that the 
overall conclusions drawn from the studies are robust 
and trustworthy. 
 
7. Innovations, Challenges, and Opportunities 
 

RQ2: How do innovations, challenges, and 
opportunities (C) in the development of 
computational thinking skills (I) influence the 
academic achievement (O) of engineering education 
students (P)? 
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Table 5.  Innovation, challenge, and opportunity in the implmentation of CTS 
 

Study Author (year) Innovation Callenge Oportunity 
1 Shell, et al., 

(2015), [58] 
Implementation of 
computational creativity 
exercises (CCE) 
integrated into the 
IC2Think project. 

• Some students still have low 
competencies. 

• Students hindered in 
completing their projects. 

• Students require more 
practice and courses for 
projects. 

Improvement and 
optimization of better 
project outcomes.    

2 Magana, et al., 
(2016), [59] 

Introduction of 
authentic learning 
integrated with 
computational modules. 

• Resistance to curriculum 
changes. 

• Lack of support from faculty 
unfamiliar with this teaching 
approach. 

• Insufficient resources to 
support the implementation of 
relevant modules. 

• Enhancement of students' 
abilities in solving real-
world problems. 

• Improvement of 
understanding and balance 
between theoretical 
concepts and practical 
application. 

3 Mendoza & 
Sotomayor, 
(2023), [60] 

Implementation of 
educational 
interventions informed 
by computational 
thinking design (CTD). 

• Existence of a gap in 
students' understanding of 
CTD. 

• Need for appropriate 
assessment tools for teachers 
to measure students' 
academic achievements. 

• Enhancement of learning 
quality with the CTD 
system. 

• Recognition of the 
importance of 
computation in education. 

4 Wang, et al., 
(2022), [61] 

Implementation of 
computational thinking 
concepts with visual 
artificial intelligence in 
education. 

• It requires a significant 
amount of time to implement 
AI conceptualized with 
computational thinking skills. 

• The complexity of AI is 
difficult to comprehend. 

• Reducing dropout rates for 
students. 

• Facilitating students from 
different educational 
backgrounds to learn AI 
more easily. 

5 Congo, et al., 
(2021), [62]  

Integration of 
computational thinking 
skills concepts with 
scratch programming. 

• Limited time for project 
introduction and 
understanding. 

• Students' difficulty in 
visualizing abstract concepts. 

• Utilizing scratch 
programming enhances 
students' critical thinking 
skills. 

• Improvement in 
understanding visual 
materials. 

6 Liu, et al., 
(2023), [63] 

Integration of 
educational technology 
and artificial 
intelligence in 
education. 

• The complexity of technology 
with tools that are difficult for 
students to understand. 

• Tools that are difficult to 
comprehend in technology 
and artificial intelligence lead 
to students' lack of 
concentration and 
involvement in learning. 

• Increased patience and 
concentration of students 
to understand a new 
technology. 

• Creation of an interactive 
learning environment. 

 
Table 5 illustrates several innovations that have 

been implemented and integrated with the concept of 
CTS. Innovations are predominantly dominated by 
the integration of CTS and artificial intelligence. 
Additionally, there are several challenges to be faced 
in integrating CTS with technology, such as a lack of 
resources in terms of both teaching skills and 
facilities, the complexity of technology that is 
difficult for students to grasp, and the time-
consuming nature of implementation.  

 

Alongside these challenges, there are also 
opportunities to be gained.  

For instance, the complexity of technology can 
encourage students to learn and base their problem-
solving skills on complex issues, seeking ways to 
resolve them. This is also part of CTS. If this skill is 
continuously nurtured, it will make students more 
critical. This, indirectly, will also impact their 
academic achievements. 
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8. Discussion 
 

This study aims to statistically depict the 
influence of computational thinking skills (CTS) on 
students' learning outcomes at the higher education 
level. Although CTS has been introduced for the past 
40 years [74], we conducted a search for publications 
covering the last 10 years in the hope of providing a 
current report on the topic. Furthermore, focusing on 
topics discussed in recent years will offer a more 
relevant understanding of the current situation. 

After undergoing a rigorous selection process for 
the chosen publications, out of the 236 articles 
considered, 6 articles were deemed fitting for the 
scope and context of this research. Subsequently, an 
analysis was conducted to obtain the statistical 
results of this study, revealing that the influence of 
CTS on the academic achievement of engineering 
students in higher education is 54%. This result is 
considered significant, as more than half of the 
factors affecting academic achievement from the 
contribution of CTS. This indicates that the higher 
the level of computational thinking among students 
in managing and synthesizing learning, the higher 
their academic achievement. Additionally, no 
publication bias was found in the selected articles, 
ensuring the robustness and reliability of the study's 
findings. This emphasizes the critical importance of 
incorporating CTS into engineering curricula to 
improve student success and academic performance. 

Furthermore, each publication was analyzed to 
gather information regarding the innovations, 
challenges, and opportunities (Table 5) influencing 
the implementation of CTS on academic 
achievement. The analysis revealed that CTS is 
predominantly integrated with various cutting-edge 
technologies [75]. Innovations proposed include the 
implementation of computational creativity exercises 
(CCE) integrated into the IC2Think project, the 
introduction of authentic learning integrated with 
computational modules, the implementation of 
education interventions informed by computational 
thinking design (CTD), the application of 
computational thinking concepts with visual artificial 
intelligence in learning, the integration of 
computational thinking skills with scratch 
programming, and the integration of educational 
technology and artificial intelligence in education. 
Additionally, several challenges were identified, both 
from students themselves and from educators and 
faculties. These challenges include difficulties in 
understanding the complexity of technology 
combined with CTS (using AI-based technology with 
too many confusing features and tools). Some studies 
stade that the more complex the technology, the more 
difficult its adoption by users [76], [77].  

This may hinder the adoption of new technology 
by students. Furthermore, educators still lack mastery 
of existing technology. They require extensive 
practice to learn and understand the innovations they 
teach, resulting in wasted time. Moreover, 
institutions and governments still inadequately 
facilitate the need for this integration. The lack of 
support from faculties unfamiliar with this teaching 
approach will impede the acceleration of 
understanding and the improvement of CTS. 
However, amidst the myriad challenges, there are 
numerous opportunities to be seized. These 
opportunities include learning more from the 
complexity of technology, optimizing project 
outcomes, enhancing students' ability to solve real-
world problems, improving the understanding and 
balance of theoretical concepts with practice, 
recognizing the importance of computation in 
education, increasing students' patience and 
concentration to understand new technology, and 
creating an interactive learning environment.  

The integration of innovations with CTS will 
encourage students to think and strive for further 
advancement [78]. Creative students will not be 
content with stagnation in the innovations they use; 
instead, they will continually strive to enhance them 
[79], [80]. For instance, if the educational application 
they are using only presents topics through static 
images and abstract text, students with computational 
thinking skills will endeavor to make the application 
more concrete. They might transform it into a virtual 
reality experience with animations, making the 
learning material more tangible and interactive. This 
exemplifies the essence of computational thinking, 
where innovations are designed to facilitate a deeper 
understanding of a subject. This will provide impetus 
to continuously engage in critical thinking and 
complete projects within the innovations they create. 
At this stage, they employ computational thinking: 
abstraction, decomposition, pattern recognition, 
logical thinking, and other skills to solve and dissect 
challenges faced, seeking optimal solutions. Behind 
every challenge lies curiosity, compelling students to 
persistently question and search for answers. This not 
only tests students' abilities but also ignites and 
reveals their latent capabilities, acquired through 
perseverance and consistent effort.  

Furthermore, the integration of CTS with cutting-
edge innovations creates opportunities for students to 
envision future goals and strive to achieve them. This 
fosters ambition and competition among students to 
attain these objectives, resulting in a sense of 
fulfillment upon accomplishment. Consequently, it 
also boosts satisfaction and confidence in their 
abilities.  
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Therefore, CTS contributes to all aspects of 
innovation, challenges, and opportunities in 
enhancing student academic outcomes and 
achievements. CTS plays a role in fostering 
innovation, navigating challenges, and leveraging 
opportunities to strengthen ambitions and achieve 
satisfying results in learning. This situation is 
expected to create a positive and sustainable cycle, 
impacting academic outcomes as evidenced by the 
analysis of the influence of CTS on learning 
outcomes, which yields a positive effect. 

 
9. Conclusion 

 
This study has analyzed 6 publications related to 

computational thinking skills (CTS) and student 
academic achievement. Overall, CTS has a 54% 
influence on student academic achievement, falling 
into the medium category. This means that these skills 
significantly contribute to students' academic 
performance, although other factors, accounting for 
46%, also play a role, although they are not 
specifically detailed in this study. Furthermore, the 
integration of CTS presents various impacts in terms 
of innovation, challenges, and opportunities. 
Innovation leads students to adapt to new 
technologies, challenges ignite a fighting spirit to 
solve existing problems, and opportunities serve as 
targets to strive for and capitalize on. 

We recommend that future research explore other 
potential factors influencing the implementation of 
computational thinking skills on academic 
achievement, such as government policy factors, 
environmental factors, and students' readiness to 
accept innovation and technology at the engineering 
education level. 
 
Acknowledgements  
 

The author is deeply grateful to the Institute for 
Research and Innovation at Universitas Negeri Padang, 
particularly the esteemed Faculty of Engineering, for their 
invaluable support throughout the course of this study.   

 
References: 
  
[1]. Xiang, H., et al. (2023). Sustainable Development of 

Employee Lifecycle Management in the Age of 
Global Challenges: Evidence from China, Russia, and 
Indonesia. Sustainability (Switzerland), 15(6). 

[2]. Allioui, H., & Mourdi, Y. (2023). Exploring the Full 
Potentials of IoT for Better Financial Growth and 
Stability: A Comprehensive Survey. Sensors, 23(19). 

[3]. Bortoló, G. M., Valdés, J. Á., & Nicolas-Sans, R. 
(2023). Sustainable, technological, and innovative 
challenges post Covid-19 in health, economy, and 
education sectors. Technological Forecasting and 
Social Change, 190, 122424.  

 
 

[4]. Hidayat, H., et al. (2024). The Impact of the Learning 
Mobile Application on Student Performance Using the 
Technology Acceptance Model. International Journal 
of Information and Education Technology, 14(5), 657-
667.  

[5]. Yang, C. C., & Ogata, H. (2023). Personalized 
learning analytics intervention approach for enhancing 
student learning achievement and behavioral 
engagement in blended learning. Education and 
Information Technologies, 28(3), 2509-2528.  

[6]. Merino-Armero, J. M., González-Calero, J. A., Cózar-
Gutiérrez, R., & del Olmo-Muñoz, J. (2022). 
Unplugged activities in cross-curricular teaching: 
Effect on sixth graders’ computational thinking and 
learning outcomes. Multimodal Technologies and 
Interaction, 6(2), 13.  

[7]. Stewart, W. H., Baek, Y., Kwid, G., & Taylor, K. 
(2021). Exploring factors that influence computational 
thinking skills in elementary students’ collaborative 
robotics. Journal of Educational Computing 
Research, 59(6), 1208-1239.  

[8]. Boulden, D. C., et al. (2018). Computational Thinking 
Integration into Middle Grades Science Classrooms: 
Strategies for Meeting the Challenges. Middle Grades 
Review, 4(3), 5. 

[9]. Guggemos, J. (2021). On the predictors of 
computational thinking and its growth at the high-
school level. Computers & Education, 161, 104060.  

[10]. Kong, S. C., Lai, M., & Sun, D. (2020). Teacher 
development in computational thinking: Design and 
learning outcomes of programming concepts, practices 
and pedagogy. Computers & Education, 151, 103872.  

[11]. Yin, Y., Khaleghi, S., Hadad, R., & Zhai, X. (2022). 
Developing effective and accessible activities to 
improve and assess computational thinking and 
engineering learning. Educational technology 
research and development, 70(3). 

[12]. Papert, S. A. (2020). Mindstorms: Children, 
computers, and powerful ideas. Basic books. 

[13]. Lodi, M., & Martini, S. (2021). Computational 
thinking, between Papert and Wing. Science & 
education, 30(4), 883-908.  

[14]. Zhang, S., Wong, G. K., & Chan, P. C. (2023). 
Playing coding games to learn computational thinking: 
What motivates students to use this tool at 
home?. Education and Information 
Technologies, 28(1), 193-216.  

[15]. De Jong, I., & Jeuring, J. (2020). Computational 
Thinking Interventions in Higher Education: A 
Scoping Literature Review of Interventions Used to 
Teach Computational Thinking. Proceedings of the 
20th Koli Calling International Conference on 
Computing Education Research. 

[16]. Menon, D., Sowmya, B. P., Romero, M., & Viéville, 
T. (2020). Going beyond digital literacy to develop 
computational thinking in K-12 education. 
Epistemological Approaches to Digital Learning in 
Educational Contexts, 17–34. 

[17]. Markandan, N., Osman, K., & Halim, L. (2022). 
Integrating computational thinking and empowering 
metacognitive awareness in STEM 
education. Frontiers in Psychology, 13, 872593. 

 

https://dl.acm.org/doi/proceedings/10.1145/3428029
https://dl.acm.org/doi/proceedings/10.1145/3428029
https://dl.acm.org/doi/proceedings/10.1145/3428029


TEM Journal. Volume 13, Issue 4, pages 3454-3467, ISSN 2217-8309, DOI: 10.18421/TEM134-78, November 2024. 
 

TEM Journal – Volume 13 / Number  4 / 2024.                                                                                                                     3465 

[18].  Ma, H., Zhao, M., Wang, H., Wan, X., Cavanaugh, 
T. W., & Liu, J. (2021). Promoting pupils’ 
computational thinking skills and self-efficacy: A 
problem-solving instructional approach. Educational 
Technology Research and Development, 69(3), 1599-
1616. 

[19]. Hidayat, H., et al. (2021). The Empirical Analysis of 
Industrial Work Challenges in the Industrial 
Revolution 5.0 Towards a Grade Point Average (GPA) 
for Electronic Engineering Education Students. 
International Journal of Online and Biomedical 
Engineering, 17(9), 21–34.  

[20]. Hidayat, H., et al. (2024). Importance of 
Metacognitive Awareness in Learning and Instruction 
for Engineering Students’ Education. Journal of 
Social Studies Education Research, 15(1), 149–186. 

[21]. Shute, V. J., Sun, C., & Asbell-Clarke, J. (2017). 
Demystifying computational thinking. Educational 
research review, 22, 142-158.  

[22]. Voon, X. P., Wong, S. L., Wong, L. H., Khambari, 
M. N. M., & Syed-Abdullah, S. I. S. (2022). 
Developing Computational Thinking Competencies 
through Constructivist Argumentation Learning: A 
Problem-Solving Perspective. International Journal of 
Information and Education Technology, 12(6), 529–
539. 

[23]. Tang, X., Yin, Y., Lin, Q., Hadad, R., & Zhai, X. 
(2020). Assessing computational thinking: A 
systematic review of empirical studies. Computers & 
Education, 148, 103798.  

[24]. Kadijevich, D. M., Stephens, M., & Rafiepour, A. 
(2023). Emergence of Computational/Algorithmic 
Thinking and Its Impact on the Mathematics 
Curriculum. Mathematics Curriculum Reforms 
Around the World. 

[25]. 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 & Education, 126, 296-310.  

[26]. Youjun, T., & Xiaomei, M. (2022a). Computational 
thinking: A mediation tool and higher-order thinking 
for linking EFL grammar knowledge with 
competency. Thinking Skills and Creativity, 
46(September), 101143. 

[27]. Amrina, Z., Desfitri, R., Zuzano, F., Wahyuni, Y., 
Hidayat, H., & Alfino, J. (2018). Developing 
instruments to measure students’ logical, critical, and 
creative thinking competences for Bung Hatta 
University Students. International Journal of 
Engineering and Technology, 7(4.9), 128–131. 

[28]. Stieglitz, S., Mirbabaie, M., Ross, B., & Neuberger, 
C. (2018). Social media analytics – Challenges in 
topic discovery, data collection, and data preparation. 
International Journal of Information Management, 39, 
156–168. 

[29]. Gaonkar, A., Chukkapalli, Y., Raman, P. J., 
Srikanth, S., & Gurugopinath, S. (2021). A 
Comprehensive Survey on Multimodal Data 
Representation and Information Fusion Algorithms. 
2021 International Conference on Intelligent 
Technologies, CONIT 2021. 

 

[30]. Jalinus, N., Ganefri, Zaus, M. A., Wulansari, R. E., 
Nabawi, R. A., & Hidayat, H. (2022). Hybrid and 
Collaborative Networks Approach: Online Learning 
Integrated Project and Kolb Learning Style in 
Mechanical Engineering Courses. International 
Journal of Online and Biomedical Engineering, 
18(15), 4–16. 

[31]. Kant, E., & Newell, A. (1984). Problem solving 
techniques for the design of algorithms. Information 
Processing and Management, 20(1–2), 97–118. 

[32]. Recker, J., Lukyanenko, R., Jabbari, M., Samuel, B. 
M., & Castellanos, A. (2021). From representation to 
mediation: A new agenda for conceptual modeling 
research in a digital world. MIS Quarterly: 
Management Information Systems, 45(1), 269–300. 

[33]. Hidayat, H., Hidayah, N., Rusmana, N., Afdal, 
Hariko, R., & Tririzky, R. (2024). The Effect of Using 
Smart Application on Critical Literacy of Engineering 
Education Students. International Journal of 
Information and Education Technology, 14(6), 834–
844. 

[34]. Chang, L. C., & Lin, W. C. (2022). Improving 
Computational Thinking and Teamwork by Applying 
Balanced Scorecard for Sustainable Development. 
Sustainability (Switzerland), 14(18), 1–16.  

[35]. Csernoch, M., Biró, P., & Máth, J. (2021). 
Developing computational thinking skills with 
algorithm-driven spreadsheeting. IEEE Access, 9, 
153943-153959. 

[36]. Sengupta, P., Kinnebrew, J. S., Basu, S., Biswas, G., 
& Clark, D. (2013). Integrating computational 
thinking with K-12 science education using agent-
based computation: A theoretical framework. 
Education and Information Technologies, 18, 351–
380. 

[37]. Bibri, S. E., Allam, Z., & Krogstie, J. (2022). The 
Metaverse as a virtual form of data-driven smart 
urbanism: platformization and its underlying 
processes, institutional dimensions, and disruptive 
impacts. Computational Urban Science, 2(1).  

[38]. Hidayat, H., Isa, M. R. M., Tanucan, J. C. M., 
Rahmawati, Y., Anwar, M., Saputra, H. K., & Sabrina, 
E. (2024). Metacognitive Awareness Determination 
through Technology: A Problem-Solving Android 
Gamification App. International Journal of 
Information and Education Technology, 14(8), 1099–
1108. 

[39]. S. Goswami et al. (2021). Decision trees within a 
molecular memristor. Nature, 597(7874), 51-56. 

[40]. Anwar, M., Hidayat, H., Yulistiowarno, I. P., 
Budayawan, K., Zulwisli, O. A. O., Osumah, O. A., & 
Ardi, Z. (2022). Blended Learning Based Project In 
Electronics Engineering Education Courses: A 
Learning Innovation after the Covid-19 Pandemic. Int. 
J. Interact. Mob. Technol., 16(14), 107-122.  

[41]. Flannery‐Sutherland, J. T., Raja, N. B., Kocsis, Á. 
T., & Kiessling, W. (2022). Fossilbrush: An r package 
for automated detection and resolution of anomalies in 
palaeontological occurrence data. Methods in Ecology 
and Evolution, 13(11), 2404-2418.  

[42]. Fry, K., Makar, K., & Hillman, J. (2023). M in 
CoMputational thinking: How long does it take to read 
a book? Teaching Statistics, 45(S1), S30–S39. 



TEM Journal. Volume 13, Issue 4, pages 3454-3467, ISSN 2217-8309, DOI: 10.18421/TEM134-78, November 2024. 
 

3466                                                                                                                           TEM Journal – Volume 13 / Number 4 /  

[43].  Samad, N. A., Osman, K., & Nayan, N. A. (2023). 
Computational Thinking through the Engineering 
Design Process in Chemistry Education. International 
Journal of Educational Methodology, 9(4), 771-785. 

[44]. Vahldiek, K., & Klawonn, F. (2024). Cluster-
Centered Visualization Techniques for Fuzzy 
Clustering Results to Judge Single Clusters. Applied 
Sciences, 14(3), 1102. 

[45]. Zhao, W., & Shute, V. J. (2019). Can playing a video 
game foster computational thinking skills?. Computers 
& Education, 141, 103633.  

[46]. Mirolo, C., Izu, C., Lonati, V., & Scapin, E. (2022). 
Abstraction in computer science education: An 
overview. Informatics in Education, 20(4), 615-639.  

[47]. Youjun, T., & Xiaomei, M. (2022). Computational 
thinking: A mediation tool and higher-order thinking 
for linking EFL grammar knowledge with 
competency. Thinking Skills and Creativity, 46, 
101143.  

[48]. Amri, S., Budiyanto, C. W., Fenyvesi, K., Yuana, R. 
A., & Widiastuti, I. (2022). Educational Robotics: 
Evaluating the Role of Computational Thinking in 
Attaining 21st Century Skills. Open Education 
Studies, 4(1), 322–338. 

[49]. Hidayat, H., et al. (2024). Analysis of Computational 
Thinking Skill Through Technology Acceptance 
Model Approach Using Augmented Reality in 
Electronics Engineering Education. TEM Journal, 
13(2), 1423–1431. 

[50]. Srivastava, A., et al. (2022). Imperative Role of 
Technology Intervention and Implementation for 
Automation in the Construction Industry. Advances in 
Civil Engineering. 

[51]. Yadav, A., Good, J., Voogt, J., & Fisser, P. (2017). 
Computational thinking as an emerging competence 
domain. Competence-based vocational and 
professional education: Bridging the worlds of work 
and education, 1051-1067.  

[52]. Stanley-Marbell, P., et al. (2020). Exploiting Errors 
for Efficiency: A Survey from Circuits to 
Applications. ACM Computing Surveys, 53(3). 

[53]. Fatimah, A. T., Isyanto, A. Y., & Toto. (2023). 
Science, technology, engineering, agriculture, 
mathematics, and health in agribusiness curriculum. 
International Journal of Evaluation and Research in 
Education, 12(4), 2316–2326. 

[54]. Ganefri, H. H., Yulastri, A., & Yondri, S. (2019). 
Design of production-based entrepreneurship 
technology training model to improve the skills of 
engineering students. International Journal of 
Innovative Technology and Exploring 
Engineering, 8(11), 2042-2047.  

[55]. Zhu, S., Sun, G., Jiang, Q., Zha, M., & Liang, R. 
(2020). A survey on automatic infographics and 
visualization recommendations. Visual Informatics, 
4(3), 24–40. 

[56]. de Oliveira Limírio, et al. (2022). Mechanical 
properties of polymethyl methacrylate as a denture 
base: Conventional versus CAD-CAM resin – A 
systematic review and meta-analysis of in vitro 
studies. Journal of Prosthetic Dentistry, 128(6), 1221–
1229. 
 

[57]. Ismail, N., & Yusof, U. K. (2023). A systematic 
literature review: Recent techniques of predicting 
STEM stream students. Computers and Education: 
Artificial Intelligence, 5, 100141. 

[58]. Shell, D. F., et al. (2014). Improving learning of 
computational thinking using computational creativity 
exercises in a college CSI computer science course for 
engineers. Proceedings - Frontiers in Education 
Conference.  

[59]. Magana, A. J., Falk, M. L., Vieira, C., & Reese, M. 
J. (2016). A case study of undergraduate engineering 
students’ computational literacy and self-beliefs about 
computing in the context of authentic practices. 
Computers in Human Behavior, 61, 427–442. 

[60]. Mendoza Diaz, N. V., & Sotomayor, T. (2023). 
Effective teaching in computational thinking: A bias-
free alternative to the exclusive use of students’ 
evaluations of teaching (SETs). Heliyon, 9(8), e18997. 

[61]. Wang, C. J., Zhong, H. X., Chiu, P. S., Chang, J. H., 
& Wu, P. H. (2022). Research on the Impacts of 
Cognitive Style and Computational Thinking on 
College Students in a Visual Artificial Intelligence 
Course. Frontiers in Psychology, 13. 

[62]. Chongo, S., Osman, K., & Nayan, N. A. (2021). 
Impact of the Plugged-in and Unplugged Chemistry 
Computational Thinking Modules on Achievement in 
Chemistry. Eurasia Journal of Mathematics, Science 
and Technology Education, 17(4).  

[63]. Liu, S., Peng, C., & Srivastava, G. (2023). What 
influences computational thinking? A theoretical and 
empirical study based on the influence of learning 
engagement on computational thinking in higher 
education. Computer Applications in Engineering 
Education, 31(6), 1690-1704.  

[64]. Bryk, A. S., & Raudenbush, S. W. (1988). 
Heterogeneity of variance in experimental studies: A 
challenge to conventional 
interpretations. Psychological bulletin, 104(3), 396.  

[65]. Tamakloe, R., Adanu, E. K., Atandzi, J., Das, S., 
Lord, D., & Park, D. (2023). Stability of factors 
influencing walking-along-the-road pedestrian injury 
severity outcomes under different lighting conditions: 
a random parameters logit approach with 
heterogeneity in means and out-of-sample predictions. 
Accident Analysis & Prevention, 193, 107333. 

[66]. Akbar, S. A., & Fazli, R. R. (2023). Meta-Analysis: 
The effectiveness of artificial diets to increase on 
survival rate of vannamei shrimp ( Litopenaeus 
vannamei). IOP Conference Series: Earth and 
Environmental Science, 1221(1). 

[67]. Kant, S. (2023). Meta Analysis of Marketing 
Innovation on Firm’s Performance of Small & 
Medium Enterprises with the Moderating effect of 
Government Support Program: In case of Selected 
Sub-Cities of Addis Ababa, Ethiopia. OPSearch: 
American Journal of Open Research, 2(2), 152–164. 

[68]. Hidayat, H., Tamin, B. Y., Herawati, S., Hidayati, 
A., & Muji, A. P. (2019). Implementation of 
technopreneurship scientific learning for produce 
electronic product prototypes in engineering 
education. International Journal of Innovative 
Technology and Exploring Engineering, 8(11), 2842-
2846.  



TEM Journal. Volume 13, Issue 4, pages 3454-3467, ISSN 2217-8309, DOI: 10.18421/TEM134-78, November 2024. 
 

TEM Journal – Volume 13 / Number  4 / 2024.                                                                                                                     3467 

[69]. Cohen, J. (2013). Statistical power analysis for the 
behavioral sciences. Routledge. 

[70]. Egger, M., Smith, G. D., Schneider, M., & Minder, 
C. (1997). Bias in meta-analysis detected by a simple, 
graphical test. bmj, 315(7109), 629-634.  

[71]. Lei, H., Chiu, M. M., Li, F., Wang, X., & Geng, Y. J. 
(2020). Computational thinking and academic 
achievement: A meta-analysis among 
students. Children and Youth Services Review, 118, 
105439.  

[72]. Egger, M., Smith, G. D., & Phillips, A. N. (1997). 
Meta-analysis: Principles and procedures. British 
Medical Journal, 315(7121), 1533–1537. 

[73]. Muche, A. A., Olayemi, O. O., & Gete, Y. K. (2019). 
Prevalence and determinants of gestational diabetes 
mellitus in Africa based on the updated international 
diagnostic criteria: A systematic review and meta-
analysis. Archives of Public Health, 77(1), 1–20. 

[74]. Bobowik, P. Ż. (2019). Effectiveness of 
physiotherapy in carpal tunnel syndrome 
(CTS). Advances in Rehabilitation, 33(2), 47-58. 

[75]. Samala, A. D., & Rawas, S. (2024). Generative AI as 
Virtual Healthcare Assistant for Enhancing Patient 
Care Quality. International Journal of Online and 
Biomedical Engineering, 20(5), 174–187. 

 
 
 

[76]. Douthwaite, B., Keatinge, J. D. H., & Park, J. R. 
(2001). Why promising technologies fail: the 
neglected role of user innovation during 
adoption. Research policy, 30(5), 819-836.  

[77]. Zhi, R., Wang, Y., & Wang, Y. (2023). The Role of 
Emotional Intelligence and Self-efficacy in EFL 
Teachers’ Technology Adoption. he Asia-Pacific 
Education Researcher. 

[78]. Abulibdeh, A., Zaidan, E., & Abulibdeh, R. (2024). 
Navigating the confluence of artificial intelligence and 
education for sustainable development in the era of 
industry 4.0: Challenges, opportunities, and ethical 
dimensions. Journal of Cleaner Production, 140527.  

[79]. Praherdhiono, H., Adi, E. P., Prihatmoko, Y., 
Abidin, Z., Nindigraha, N., Hidayati, A., & Muttaqin, 
A. (2022). Synchronization of virtual and real learning 
patterns in e-learning systems with Metaverse concept. 
2022 8th International Conference on Education and 
Technology (ICET), 185–189. 

[80]. Saari, E. M., Azmi, N. H., Ibrahim, N., & 
Novaliendry, D. (2024). Development of Energy 
Saving Application through Gamification-Factors: A 
Systematic Review. Journal of Advanced Research in 
Applied Sciences and Engineering Technology, 33(3), 
341–350. 
 

 

 


