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The development of critical thinking as a key 21st-century 

competency is closely linked to computational thinking (CT), 

which requires systematic support through appropriate 

teaching materials. This study aims to analyse research 

trends in CT teaching materials published between 2021 and 

2025 using a systematic review with a bibliometric approach 

following PRISMA guidelines. Data were collected from 

Crossref, Google Scholar, Scopus, and Semantic Scholar, 

resulting in 68 selected articles from an initial pool of 2,050 

publications, which were analysed through content analysis 

and bibliometric mapping using VOSviewer. The findings 

reveal a significant increase in CT teaching material research 

in the post-pandemic period, particularly in 2023, with a 

predominance of empirical and research and development 

(R&D) studies. Most studies focus on computer science 

contexts, elementary education, and interactive digital 

teaching materials, indicating that CT is often positioned as 

an initial technical competency. In contrast, CT teaching 

materials for non-computer science subjects, other 

educational levels, and non-digital or unplugged contexts 

remain underexplored. Furthermore, existing research 

primarily emphasises product development and short-term 

effectiveness, while longitudinal studies examining the 

sustainability of CT learning outcomes are still limited. These 

findings highlight the need for pedagogically grounded, 

context-responsive, and interdisciplinary CT teaching 

materials, as well as future research employing longitudinal 

designs to support the equitable and sustainable 
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development of CT as a core competence in 21st-century 

education. 
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Introduction 

The development of science and technology in the 21st century has had ramifications 

for the educational environment and society. These include increasingly complex social 

changes, rapid technological developments, the proliferation of fake news, and the risk of 

losing control over the development of artificial intelligence (AI) and cyber-physical 

technology [1], [2]. In this context, education assumes a pivotal role in equipping individuals 

with the requisite skills and competencies to navigate the increasingly complex and dynamic 

landscape of Industry 4.0 and Society 5.0. [3]. In this regard, it is imperative for individuals to 

cultivate essential competencies that will equip them to confront the challenges of this era. 

These competencies include critical thinking, problem solving, communication, collaboration, 

creativity, metacognition, and information literacy [4]. 

In the contemporary era, the pertinence of critical thinking skills lies in their capacity 

to assist individuals in the critical analysis of information, the judicious decision-making, the 

effective problem-solving, the discernment of the limitations, biases, and ethical implications 

of AI, while promoting the judicious and responsible utilization of AI [5], [6]. This process 

involves the review of established norms, the comprehension of specific situations, and the 

evaluation of pertinent evidence [7]. Additionally, it encompasses the identification of 

cognitive biases and the modification of thought processes to facilitate the formation of 

suitable and rational decisions, thereby ensuring adaptation to contemporary society [8].  

The integration of computational thinking (CT) has been identified as a pivotal factor 

in the development of critical reasoning skills [9], [10]. CT is a problem-solving oriented way 

of thinking by applying computational concepts [11]. In the field of CT, problem-solving 

methodologies are informed by the use of computer-based problem-solving techniques. These 

techniques encompass decomposition, pattern recognition, abstraction, and algorithms [12]. 

Putri et al [13] explain, students who possess CT will be able to solve problems in a creative, 

critical, algorithmic, and systematic manner, as well as face complex challenges in various fields. 

Consequently, computational thinking serves as the foundational framework for cultivating 

skills and competencies that are pertinent to contemporary challenges. 
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In light of the pivotal role that CT plays in addressing the challenges of the 21st century, 

the development of effective teaching materials to nurture students' computational thinking 

capabilities is imperative. In essence, teaching materials serve as a crucial instrument in the 

pedagogical toolkit, assisting educators in their mission to facilitate learning. These materials 

are meticulously and systematically structured, offering a sequential progression that guides 

students through the educational journey [14]. While instructional materials play a pivotal role 

in facilitating effective learning, in practice, their utilization remains constrained to printed 

books provided by educational institutions. This dynamic has been demonstrated to exert a 

significant influence on the level of interest and enthusiasm exhibited by students [15]. To 

address these challenges, numerous studies have devised printed and non-printed 

instructional materials comprising exercises ranging from simple to complex, accompanied by 

case studies grounded in authentic problems. These materials are characterized by 

interactivity, engagement, and their capacity to streamline processes such as decomposition, 

pattern recognition, abstraction, and algorithmic thinking, which are pivotal in fostering 

computational thinking [15]–[18]. Consequently, a bibliometric analysis is imperative to 

provide a comprehensive overview and serve as a foundation for developing teaching 

materials that are more relevant to current learning needs. 

The primary objective of this study is to examine research trends on teaching materials 

to enhance computational thinking in the period 2021–2025. The present study utilizes 

bibliometric analysis of select articles to identify the direction of research development, 

ascertain key keywords, and describe the types of teaching materials that can improve CT skills. 

Based on these objectives, the research questions in this study are formulated as follows. 

1. What are the trends and developments in teaching materials to improve CT skills based 

on the year of publication? 

2. Which countries dominate the number of publications related to teaching materials to 

improve computational thinking skills? 

3. What fields of study are most frequently examined in research on the development of 

teaching materials to improve CT skills? 

4. What is the distribution of research on teaching materials to improve CT skills based 

on the education level of the research subjects? 

5. What types of research are used in the study of teaching material development to 

improve CT skills? 

6. What forms of teaching materials are used or developed in research to improve CT 

skills? 

7. What are the keywords/topics that most frequently appear in research on teaching 

materials to improve CT skills, and how do these keywords form a network map? 
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Thus, this research is expected to clarify the patterns, focus, and direction of teaching material 

development that supports computational thinking improvement. It will also provide a basis 

for developing more relevant and effective teaching materials in the future. 

Material and Methods 

This study employs a systematic review method with a bibliometric approach for the 

analysis and mapping of research data, with the objective of comprehending the distribution, 

trends, and relationships between studies [19]. The study adheres to the Preferred Reporting 

Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines, which encompass four 

primary steps: The identification, screening, eligibility and inclusion of subjects is a process 

that has been extensively researched [20].   

 

Fig. 1. Research procedure. 

In the identification stage, researchers conducted a search for relevant articles. The 

data sources were obtained from the Crossref, Google Scholar, Semantic Scholar, and Scopus 

databases, which were searched online using the Publish or Perish (PoP) application. The 

databases were obtained based on searches using the keywords "computational thinking" and 

"teaching materials" for the period 2021 to 2025. The number of articles obtained from the 

Crossref database was 1,000, 993 articles from the Google Scholar database, 44 articles from 

the Semantic Scholar database, and 13 articles from the Scopus database. Consequently, a total 

of 2050 articles were identified. 

The subsequent screening stage was then performed to remove duplicate articles and 

those not authored by the relevant parties. Concurrently, the eligibility stage entails a thorough 

evaluation and selection of articles based on inclusion and exclusion criteria established using 

the SPIDER approach (Sample, Phenomenon of Interest, Design, Evaluation, and Research 

Identification Screening Eligibility Included 

Records identified from: 

• Crossref (n=1000) 

• Google Scholar  (n = 993) 

• Semantic Scholar (n = 44) 

• Scopus (n = 13) 

The total number of articles found 
from the sources (n=2050) 

A total of 102 duplicate articles have 
been removed 

Articles without authors (100) 

The final count of articles remaining 
subsequent to screening (n = 1848) 

Full-text articles excluded (n = 1758) due to 
noncompliance with the inclusion criteria 

The articles submitted for 
analysis totaled 68 
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type). The inclusion criteria for the present study are as follows: the research articles under 

consideration must be of an empirical nature, and must discuss teaching materials or learning 

related to CT skills. In addition, the articles must involve student subjects, and must utilise a 

clear research design. Finally, the articles must evaluate or measure computational thinking 

skills. It is evident that articles which do not align with the specified criteria will be excluded 

from the analysis. The inclusion and exclusion criteria are outlined in Table 1. The final stage, 

entitled inclusion, involved the analysis of articles that met all the specified criteria. The 

analysis was conducted through a content and bibliometric approach, utilising the VOSviewer 

tool. The VOSviewer tool was utilised to visualise the bibliometric network between keywords, 

thereby facilitating the comprehension of trends in teaching material research to enhance CT 

[21]. 

Table 1.  Inclusion and Exclusion Criteria. 

Type of Criteria Inclusion Exclusion 

Sample (S) Students at pre-school, elementary, 
junior high, and high school students 

Participants other than students 

Phenomenon of 
Interest (PI) 

Teaching materials or learning 
related to CT skills 

Topics unrelated to CT or teaching 
materials 

Design (D) 
Empirical studies with clear research 
designs (experimental, R&D, 
descriptive, mixed methods) 

Other 

Evaluation (E) 
Studies evaluating or measuring CT 
skills 

Studies without evaluation of CT 
skills 

Research Type (R) Empirical research articles Non-empirical studies 

Publication Type Journals and conferences Disertation, book, other 

Language English Other 

Publication Year 2021–2025  Outside the specified period 

Results and Discussions 

The results of the analysis of scientific articles on the subject of teaching materials 

research to improve computational thinking skills include the number of articles per year, 

country of origin, field of study, research methods used, research subjects, types of teaching 

materials, and frequently used keywords. Scientific articles focusing on the use of teaching 

materials to improve CT skills from 2021 to 2025 are shown in Fig. 2.  

As illustrated in Fig. 2, the number of articles published during the 2021–2025 period 

exhibits fluctuations. At the onset of the period under consideration, a decline in the number 

of publications was observed, a phenomenon that was likely associated with shifts in the 

research context during and following the emergence of the novel Coronavirus (SARS-CoV-2) 

pandemic.  The advent of the SARS-CoV-2 in 2021 precipitated the necessity for educational 

institutions to adopt online learning modalities, thereby prompting researchers to undertake 

an examination of the integration of CT in digital learning [22]. This has given rise to a plethora 

of studies that are exploring the integration of CT through digital approaches, including 



JPES Vol. 5, No. 01, April 2026, pp. 334-354  

 Research Trends in Teaching Materials to Improve Computational Thinking Skills… (Dewa et al.) 339  

storytelling-based learning, games and programming, and robotics [23]–[26]. This surge in 

publications can be attributed to the growing demand for digital teaching materials in online 

learning during the pandemic. However, in 2022, there was a decline in the number of 

publications, as the focus of research shifted to instrument validation and the application of CT 

in specific contexts, such as comparisons of computer-based and non-computer-based 

teaching materials [27]–[30]. 

 

Fig. 2. Number of scientific articles on teaching materials improving CT skills 

A substantial surge in article publications was observed in 2023. This finding suggests 

a notable degree of academic enthusiasm for the development and application of innovative 

teaching materials aimed at enhancing CT skills. One of the research foci examined was the 

effectiveness of various teaching materials based on project-based learning, game-based 

learning, and unplugged activities in improving CT [31]–[33]. Research on analogous subjects 

has undergone rapid expansion in Indonesia. This finding aligns with the data presented in Fig. 

3, which indicates that Indonesia holds the distinction of being the nation with the most 

significant contribution in this domain. 

An examination of the graph depicting the distribution of countries of origin of research 

(Fig. 3) reveals that Indonesia is the leading contributor to publications concerning the 

development of teaching materials aimed at enhancing computational thinking skills. It is 

followed by China and Turkey, which are also significant contributors to this field. A review of 

the extant scientific literature reveals a focus on the development of digital teaching materials 

integrated with active learning models and new technology-based learning for CT 

development in Indonesia. Furthermore, there is a growing inclination to incorporate local 

wisdom into the design of teaching materials with the aim of enhancing CT. A multitude of 

factors have contributed to the surge in research on teaching materials for cultivating CT skills 

in Indonesia. One of these is that conventional learning media have not been effective in 

stimulating students' CT skills. The demand for the integration of 21st-century learning models, 

post-pandemic digital transformation, and the Merdeka Belajar policy have also strengthened 

the use of technology in designing adaptive learning that is relevant to student characteristics. 
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Fig. 3. Number of teaching materials to improve CT skills publications by country 

Research in China on teaching materials for computational thinking development 

focuses on developing innovative learning models based on digital platforms and creative 

activities (e.g., visual, games, stories, and unplugged) that are tailored to diverse educational 

contexts.  Furthermore, endeavors aimed at equalizing access in rural regions and validating 

CT assessment instruments have demonstrated that the research focus extends beyond the 

innovation of teaching materials to encompass the effectiveness, measurement, and 

inclusiveness of CT education. Concurrently, research in Turkey has centered on the 

implementation of coding activities (plugged and unplugged) and their impact on students' 

competencies and self-efficacy.  Research conducted in China and Turkey is predominantly 

characterized by the field of computer science, which has contributed substantially to the 

increase in the number of publications in the field of informatics, as illustrated in Fig. 4. 
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Fig. 4. Number of teaching materials to improve CT skills publications by field of study.  

As illustrated in Fig. 4, the research on the development of teaching materials to 

enhance CT skills in mathematics, science, and language remains comparatively limited in 

scope when viewed in contrast to the research activity observed within the field of computer 

science. Mathematics and science are the most prominent fields in Indonesia. This 

phenomenon may be attributed to Indonesia's substandard performance in science and 

mathematics as evidenced by international assessments such as the Program for International 

Student Assessment (PISA). These findings have prompted researchers and educators to 

devise learning strategies that emphasize logical and systematic thinking through the use of 

computer-based technology [34]. Research on the development of teaching materials to 

improve skills in mathematics is predominantly conducted on elementary school students, as 

illustrated in Table 2. 

Table 2.  Distribution of Research Based on Research Subjects. 

Research Subject 
Mathemat

ics 
Computer 

Science 
Science Language 

Total 
Publication 

Preschool students - 3 - - 3 
Elementary school students 9 19 4 1 33 

Junior high school students 6 14 3 - 23 

High school students 2 7 3 - 12 

As illustrated in Table 2, elementary school students are the most frequently 

researched subjects, with a total of 33 studies, followed by junior high school students with 23 

studies, senior high school students with 12 studies, and preschool students with 3 studies. 

Conversely, elementary school students are frequently utilized as subjects in teaching material 

research aimed at enhancing CT skills in the domains of computer science, mathematics, and 

science. A thorough examination of the data presented in Table 2 reveals that elementary 

school students are the most frequently researched subjects in the context of CT. This finding 

underscores the significance of incorporating CT integration into the elementary school 
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curriculum. This tendency aligns with the methodological approach employed, wherein the 

majority of studies adopt an empirical design, as illustrated in Fig. 5. 

 

Fig. 5. Distribution of teaching materials based on research type 

Preliminary analysis suggests that the majority of research in this field was conducted 

using an empirical approach. This type of empirical research frequently utilizes experimental 

or quasi-experimental designs, subsequently accompanied by research and development (R&D) 

and educational interventions, as illustrated in Fig. 5. A comprehensive review of the extant 

literature reveals a marked tendency towards experimental and developmental approaches, 

with a concomitant emphasis on the validation of the efficacy and innovation of teaching 

materials in facilitating learning. A variety of teaching materials are employed to substantiate 

the efficacy and innovation in the enhancement of CT skills, as illustrated in Fig. 6. 

 

Fig. 6. Distribution of teaching materials based on the type of teaching material. 

In the learning process, teaching materials come in various forms that are tailored to 

the characteristics of the material and media used to make learning more interesting and 

effective. Astuti & Ismail [35] classify teaching materials into four forms, including printed 

teaching materials, audio teaching materials, audio-visual teaching materials, and interactive 

teaching materials. Based on Fig. 6, the dominant form of teaching material used to improve 
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CT skills is interactive. This type of teaching material includes various digital media such as e-

worksheets [36] and e-modules [37]–[39] integrated with the PBL learning model [32], [40], 

PJBL [31], [41], [42], and linked to local wisdom [13], [17], [43], [44]. 

A plethora of interactive teaching materials have been developed, including learning 

animations [29], educational games [26], [33], [45]–[48], Scratch [23], [49], [50]–[53], 

PowerPoint [54], [55],  augmented reality (AR)-based learning media [56], [57], Android-

based applications,[58]–[64], learning platform [65], [66] dan programming-based learning 

media  [25], [28], [67]–[76]. 

In addition to the utilization of interactive teaching materials, the employment of 

printed teaching materials is also a prevalent practice, particularly in the form of worksheets 

[24], [77], [78], printed modules [79], and media that facilitate Unplugged activities, including 

instruction cards, logic boards, and manipulative blocks [27], [30], [80]–[86], as well as 

questions about the Bebras story type [87]–[89]. Notwithstanding their physical form, these 

types of teaching materials nevertheless play an important role because they enable active 

student engagement through exploratory and collaborative activities. The results of this 

analysis demonstrate a prevailing trend in teaching materials research to enhance CT, 

characterized by a shift towards digitalization and interactivity. This shift is primarily driven 

by the objective of increasing student engagement and fortifying higher-order thinking skills. 

The predominance of interactive teaching materials aligns with the demands of 21st-century 

learning. 

To identify the most dominant keywords and their relevance in teaching material 

research to improve CT skills, VOSviewer analysis was used, as shown in Fig.  7. 

 

Fig. 7. Visualization of the teaching materials research network (2021-2025) 

A subsequent analysis of keyword mapping using VOSviewer in Fig. 7. reveals that the 

most dominant keywords with the strongest correlation are computational thinking and 
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student. The prevalence of these two keywords suggests that research on teaching material 

development consistently prioritizes CT skills as the primary learning objective, with students 

as the central subject. The strong correlation between these two keywords forms the network 

core that connects various other research topics, thereby forming an integrated network map 

structure. 

The red cluster signifies the focal point of instructional material development research 

endeavors aimed at enhancing CT skills. The analysis of dominant keywords reveals a focus on 

the learning product development process, the selection of development models, and the 

evaluation of product quality through validity, practicality, and effectiveness tests. Keywords 

such as "development," "R&D," "ADDIE model," "product," "e-module," "Android," 

"effectiveness," and "practicality" are indicative of this focus. The interrelationship between 

keywords in this cluster is formed because instructional material development research 

generally follows a systematic flow, starting from the design stage, implementation, to the 

evaluation of learning products. 

The green cluster illustrates the relationship between CT skills and learner 

characteristics and learning contexts. The emergence of keywords such as "student," 

"elementary school," "junior high school," "instruction," and "motivation" indicates that a 

significant portion of the research examines the application of teaching materials at various 

levels of education, particularly primary and secondary education. The interconnectedness of 

keywords in this cluster is formed because the research focuses not only on the product, but 

also on how the teaching materials are used in the learning process to increase student 

engagement, learning motivation, and CT skills. 

The blue cluster underscores the integration of CT skills through programming-based 

learning activities and hands-on experiences. A close examination of the extant literature 

reveals an intricate interrelationship among the terms "programming," "activity," 

"curriculum," and "classroom." This observation is primarily driven by the fact that the 

research in this particular cluster is centered on the integration of computational activities into 

the existing curriculum and classroom learning practices. The relationship between keywords 

reflects efforts to develop logical and systematic thinking skills through active and 

collaborative learning activities. 

Concurrently, the yellow cluster signifies pedagogical approaches and scientific 

domains that facilitate the cultivation of CT competencies. The correlation between keywords 

such as "education," "approach," "computer science," and "teaching materials" indicates an 

inherent interconnectedness in the development of CT teaching materials, emphasizing the 

significance of learning approaches and scientific foundations in this process. The relationship 
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between keywords in this cluster is formed because CT research is multidisciplinary and 

combines pedagogical approaches with computer science concepts. 

The analysis of the keyword network map reveals a close interconnection among 

computational thinking skills, learners, teaching material development, and learning 

approaches. The formation of this network is predicated on the observation of a consistent 

pattern in research on CT teaching materials. Specifically, the focus of this research has been 

on the development of learning products, their application to learners, and the evaluation of 

their impact on computational thinking skills. Utilizing VOSviewer, we are able to obtain an 

overview of teaching materials intended to enhance CT for the 2021 to 2025 period, as 

illustrated in Fig. 8. 

 

Fig. 8. Visualization of overlapping research on teaching materials (2021-2025) 

As demonstrated in Fig. 8, the overlay visualization illustrates the evolution of research 

on teaching materials designed to enhance computational thinking skills during the period 

from 2021 to 2025. The blue color represents keywords that were dominant in 2021, such as 

"programming," "coding," "algorithm," and "activity." These keywords indicate that the initial 

research focused on introducing the basic concepts of computational thinking through 

programming activities. As the new academic year began, research shifted its focus to the 

themes of education, students, curriculum, and integration, indicating an ongoing effort to 

incorporate computational thinking skills into learning. In the 2023–2024 period, keywords 

such as "development," "e-module," "mathematics," and "effectiveness" witnessed a marked 

increase in prevalence, suggesting an escalated emphasis on the development and evaluation 

of the efficacy of digital teaching materials. Concurrently, from 2024 to 2025, the emergence 

of terms such as "android," "addie model," "product," and "high school student" signaled the 
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latest trends in the development of digital products based on research and development (R&D) 

models. A comprehensive analysis of the data reveals a discernible shift in the direction of 

research from fundamental activities and programming concepts towards the development of 

digital teaching materials that are more integrated with technology and applied at various 

levels of education. 

 

Fig. 9. Visualization of the density of research data on teaching materials (2021-2025) 

Based on Fig. 9, research on computational thinking, students, education, and 

development exhibits the highest density, indicating that this subject is the primary focus in 

the development of teaching materials to enhance computational thinking skills. Medium 

density (green zone) is observed in keywords such as programming, activity, curriculum, 

mathematics, e-module, and effectiveness, which indicate a research focus on the application 

of learning activities and the development of digital teaching materials to support 

computational learning. Concurrently, the low density (blue zone) emerges in terms such as 

"Android," "addie model," "high school student," and "development research," which denote 

subjects that are in the nascent stages of evolution toward the development of technology-

based teaching materials and digital products that are adaptive to the needs of students. A 

future research direction that merits exploration is the enhancement of teaching material 

innovation to cultivate computational thinking skills in a contextual manner and in alignment 

with the diverse characteristics of students across various educational levels. 

Implications and Recommendations 

A review of research publication trends for the 2021–2025 period reveals a substantial 

surge in publications following the pandemic, particularly in 2023, which corresponds with 

the increased demand for digital-based adaptive teaching materials. This condition 

underscores the necessity for teaching materials to be adapted to changes in the learning 

situation and the diverse characteristics and environments of learners. The preponderance of 
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empirical research and development (R&D) signifies a shift in the paradigm of CT teaching 

materials, which is now characterized by a focus on validating the effectiveness and innovation 

of learning products. Consequently, the development of future instructional materials must 

prioritize innovation in learning products that are adaptable to learner characteristics and 

learning contexts. This encompasses learning environment conditions and resource 

availability. The emphasis should be on systematic and evidence-based pedagogical design. 

This approach ensures that instructional materials function not only as learning support tools 

but also effectively strengthen CT skills, which are pivotal 21st-century competencies. 

The focus of CT research is predominantly oriented towards the fields of computer 

science, elementary education, and the utilization of digital interactive teaching materials. This 

orientation persists, despite the advancements in other disciplines and the evolution of 

educational methodologies. This pattern indicates that CT is often positioned as an initial 

technical competency, while its potential as a cross-disciplinary thinking skill has not been 

fully utilized. These findings suggest the necessity for curriculum policies and the development 

of teaching materials that facilitate the integration of CT into non-computer science subjects, 

such as mathematics, science, and language. Furthermore, these findings emphasize the 

importance of ensuring the continuity of CT development at higher levels of education, thereby 

ensuring its progressive development in accordance with students' cognitive development 

stages. Furthermore, the predominance of digital teaching materials underscores the 

persistent reliance on technological resources in the implementation of CT. Consequently, the 

development of CT teaching materials must be accompanied by the enhancement of teacher 

competencies, the support of learning infrastructure, and the creation of non-digital or 

unplugged teaching materials as a strategic alternative to ensure the equitable implementation 

of CT in various learning contexts, not limited to the field of computer science. 

Moreover, an analysis of keyword mapping and research trends reveals that the 

primary focus of CT teaching material research remains centered on product development and 

short-term effectiveness measurement. Consequently, further research is recommended to 

adopt a longitudinal design to examine the sustainability of the impact of CT teaching materials 

on the development of students' CT abilities. Furthermore, there is a need to prioritize the 

exploration of teaching materials to enhance CT in educational levels that are currently under-

researched and in non-computer science subjects. This initiative is crucial to ensure that CT 

development is not only partial but rather is thoroughly integrated into the education system. 

Future research is also advised to explore cultural contexts and local wisdom in the 

development of CT teaching materials, as well as to conduct comparative studies across 

countries and educational contexts to obtain a more comprehensive picture of best practices. 
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Conclusion 

This bibliometric analysis corroborates the pivotal function of instructional materials 

in cultivating computational thinking (CT) competencies across diverse educational strata. The 

findings indicate an escalating trend in research, particularly in 2023, with Indonesia emerging 

as the predominant contributor to the development of interactive digital teaching materials, 

including e-modules, educational games, and Android-based applications integrated with 

project-based learning and problem-based learning models. The field of computer science 

received the most research attention, with elementary school students being the most 

prevalent subjects in these studies. The study's findings underscore the pivotal role of 

technologically advanced, innovative teaching materials in enhancing students' computational 

thinking abilities. However, it is imperative to note that further research is necessary to assess 

their long-term efficacy and to determine their integration into 21st-century educational 

practices. 
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