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ABSTRACT 

This study presents a bibliometric analysis of research focused on computational thinking (CT) in the context of 
Indonesian vocational education, aiming to map its development, thematic focus, and scholarly impact. CT has 
gained recognition as a critical 21st-century skill that supports problem-solving, digital literacy, and adaptability. 
These competencies are essential for vocational learners preparing to enter Industry 4.0 environments. Despite its 
growing importance, the landscape of CT research in Indonesia’s vocational education system remains fragmented 
and underexplored. Using the Dimensions AI database, this study retrieved open access publications from 2014 
to 2025 based on the search query: (“vocational education”) AND (“Indonesia”) AND (“computational thinking”). 
A total of 219 documents were analyzed using Microsoft Excel for data cleaning and VOSviewer for network 
visualization. The findings show a significant increase in publication output beginning in 2019, which aligns with 
national education reforms such as Revitalisasi SMK and Kurikulum Merdeka. The dominant research categories 
include educational technology, STEM education, and curriculum innovation. Key themes identified through 
keyword co-occurrence include CT as a foundational skill, the integration of CT into vocational curricula, and the 
relevance of CT to employability and digital transformation. Influential journals such as Sustainability and IJERE 
appear frequently in the citation network, indicating the interdisciplinary appeal of CT and its relevance to both 
educational policy and practice. This study contributes to the field by offering a structured overview of research 
trends and providing a foundation for future inquiry and curriculum development focused on strengthening CT 
in Indonesian vocational education. 
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INTRODUCTION 

Background and Research Problem 
Indonesia’s transition into a digital economy has made technological literacy and problem-solving 

competencies fundamental for its emerging workforce. In this context, integrating Computational Thinking (CT) 
into vocational education (SMK) is both an educational imperative and a strategic national priority. CT includes 
essential skills such as abstraction, decomposition, algorithmic thinking, and debugging, which are widely 
recognized as critical for preparing students to navigate the complexities of Industry 4.0 and future technological 
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landscapes [1], [2]. For vocational schools that are tasked with equipping students for specific industrial roles, CT 
provides a framework that connects theoretical understanding with practical application, enabling graduates to 
engage in adaptive problem-solving and innovation. 

The urgency of this integration is underscored by the economic potential of digitalization in Indonesia. 
According to Meidyasari (2024), optimizing digital transformation could contribute up to USD 150 billion to the 
country’s GDP by 2025 [3]. However, this economic promise is at risk if the workforce remains underprepared. 
Many vocational schools continue to rely on outdated curricula and teaching practices that fall short of developing 
digital competencies or fostering critical thinking. This gap between education and the needs of the labor market 
raises serious concerns about the nation’s readiness to compete in a rapidly evolving global economy [4], [5]. 
Moreover, employers increasingly seek graduates who possess not only technical skills but also the cognitive 
abilities to engage with digital tools and information effectively. Tee et al. (2024) emphasize that competencies like 
data literacy, digital content creation, and digital communication are now considered essential by employers across 
sectors. 

Despite policy-level encouragement for innovation in vocational education, there is often a disconnect 
between strategic aspirations and on-the-ground implementation. Pratama and Diwyarthi (2024) argue that without 
aligning vocational education closely with technological advances, Indonesia risks creating a workforce that is 
technically trained but not digitally empowered [6]. Even where curricular adaptations are being made, these often 
fail to systematically embed CT across learning domains. Rahmawati et al. (2021) highlight that while some 
vocational programs have embraced adaptive curriculum models, the emphasis tends to be on surface-level updates 
rather than on deep structural integration of higher-order thinking skills [7]. 

Although individual studies have explored CT-related themes in vocational settings such as the use of TPACK 
approaches to enhance problem-solving [1], collaborative learning for digital competencies [8], and higher-order 
thinking challenges these studies remain fragmented [9]. There is no comprehensive synthesis of research trends, 
key contributors, dominant themes, or the overall scope of CT in Indonesian vocational education. Without such 
an overview, it is difficult to evaluate the effectiveness of existing efforts, identify best practices, or determine 
where further research and intervention are needed. 

This lack of a consolidated knowledge base reveals several critical research gaps. Questions remain unanswered 
regarding the volume of CT-related research in vocational education, how the body of literature has evolved over 
time, and which authors, institutions, or regions are contributing most significantly. There is also limited 
understanding of how researchers collaborate, what themes dominate the discourse, and which studies are most 
influential. Without these insights, stakeholders are left without the evidence base needed to make informed 
decisions on curriculum development, teacher training, or policy formulation. 

This study addresses these gaps by conducting the first bibliometric analysis focused on Computational 
Thinking in Indonesian vocational education. It provides a systematic map of the existing research, offering a 
bird’s-eye view of the field's development. For researchers, the analysis highlights leading scholars, collaborative 
networks, and emerging themes, thereby supporting more targeted and impactful future studies. For policymakers 
and school leaders, the findings offer evidence that can support curriculum updates, investment decisions, and the 
design of professional development programs. For educators, the study identifies instructional approaches and 
content areas where CT is being successfully implemented, which can be adapted for broader classroom use. 

In practical terms, this research contributes to aligning educational strategies with national economic goals. 
Mahfud et al. (2022) emphasize the importance of industry engagement in vocational education, noting that 
effective programs require alignment between educational objectives and workplace expectations [10]. Meanwhile, 
studies like that of Sucipto et al. (2020) point to the importance of evaluating alumni outcomes to assess whether 
CT skills translate into job readiness [11]. A bibliometric mapping of the field allows these micro-level findings to 
be contextualized within a broader, data-driven understanding of the national research landscape. 

Ultimately, Indonesia’s ability to harness the potential of its digital economy depends on its success in 
reforming vocational education to meet 21st-century challenges. Integrating Computational Thinking into 
vocational training is a promising and necessary step. However, the absence of a comprehensive overview of 
existing research has hindered progress. This study fills that void by offering a structured analysis of how CT is 
being studied and applied within Indonesia’s SMK system. By identifying research patterns, gaps, and 
opportunities, the study provides a foundation for more informed educational policymaking, research 
collaboration, and pedagogical innovation. 

Research Objectives 

1. To identify and analyze publication trends. 
2. To identify leading contributors (authors, institutions, countries). 
3. To map and visualize core research themes and their relationships. 
4. To analyze collaboration networks. 
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LITERATURE REVIEW 

Computational Thinking (CT) 

Computational Thinking (CT) is a structured approach to problem-solving that incorporates concepts derived 
from computer science, but its application extends well beyond the field. Wing (2006) introduced CT as the ability 
to formulate problems and represent their solutions in a way that can be effectively carried out by a computer or 
a person [12]. This foundational definition has been expanded by scholars such as Brennan and Resnick (2012), 
who categorized CT into four primary components: decomposition, pattern recognition, abstraction, and algorithm 
design [13]. These skills are now widely acknowledged as core competencies for learners in the digital age [14], 
[15]. 

Decomposition involves breaking down complex problems into smaller, more manageable parts. This 
cognitive process is essential in vocational fields where systems must be understood at both component and 
operational levels, such as in automotive repair or electronic diagnostics [16]. Pattern recognition enables 
individuals to identify recurring issues or trends, which is valuable in maintaining industrial machinery or 
troubleshooting technical faults [17]. Abstraction allows learners to focus on essential features of a problem while 
omitting unnecessary details, helping them identify generalized solutions that can be reused across contexts [18]. 
Algorithm design, or the development of a logical sequence of steps to solve a problem, is critical for process 
optimization and efficiency across vocational tasks [19]. 

In addition to these core components, evaluation and debugging are frequently cited as integral to the CT 
process. These involve testing, refining, and iterating on solutions to ensure functionality and efficiency. This is 
particularly relevant in technical and vocational settings where quality control and real-time adjustments are part 
of routine operations [15], [20]. CT, therefore, provides a mental model for structured reasoning that aligns well 
with vocational education goals, particularly in fields influenced by digital technologies and automation. 

Relevance to Vocational Education 

The integration of CT into vocational education is increasingly seen as necessary to prepare learners for rapidly 
evolving industries. As vocational training moves toward more complex and digitized systems, learners must 
develop not only hands-on skills but also analytical and cognitive competencies that support adaptability and 
innovation [21] CT contributes to this by enhancing students’ ability to analyze problems, plan and execute 
solutions, and evaluate outcomes. These are skills that are transferable across trades. 

For example, in mechanical engineering or logistics, CT supports troubleshooting and workflow optimization. 
In digital fabrication or design, abstraction and algorithmic thinking are fundamental to using modeling software 
or programming automated equipment. These competencies are also vital for interpreting sensor data, managing 
smart technologies, and maintaining systems that interact with digital networks. Therefore, CT does not merely 
support technical proficiency but also cultivates a mindset of logical and systematic thinking necessary for long-
term career adaptability. 

Vocational Education and Training (VET) in Indonesia 

Structure and Significance 

Indonesia's vocational education and training system plays a strategic role in national economic and workforce 
development. SMK (Sekolah Menengah Kejuruan) are the main institutions delivering vocational education at the 
secondary level. They offer specialized programs in sectors such as electronics, hospitality, creative industries, and 
agribusiness. These institutions are expected to supply industry-ready graduates who can contribute to national 
productivity and economic equity. 

The government has prioritized SMK reform in response to shifting labor market demands and the broader 
goals of Indonesia's digital economy strategy. Programs like the Revitalisasi SMK and Kurikulum Merdeka 
emphasize curriculum updates, industry engagement, and alignment with global competencies. These reforms are 
intended to enhance the relevance of vocational education, strengthen partnerships with private sectors, and 
prepare learners for the demands of Industry 4.0 [22], [23]. 

Challenges and Reform Needs 

Despite these efforts, the SMK system continues to face significant challenges. Skills mismatches persist 
between what is taught in schools and what is required in the workplace. Many graduates lack digital competencies 
and higher-order thinking skills necessary for thriving in automated and data-driven environments [24], [25]. 
Employers increasingly demand not only technical expertise but also soft skills such as communication, 
collaboration, and problem-solving [26]. 
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Curriculum modernization is therefore a key issue. Traditional instructional models do not always incorporate 
digital literacy or CT explicitly. This results in graduates who are competent in routine tasks but unprepared for 
new technologies and non-linear problem-solving. Integrating CT into vocational education could bridge this gap 
by cultivating logical reasoning and adaptive skills that support job readiness and lifelong learning [27]. 

The Role of Bibliometric Analysis in Mapping Emerging Fields 

Bibliometric analysis refers to the application of quantitative methods to the study of scholarly publications. 
It enables researchers to assess the development, scope, and structure of a research field by examining publication 
patterns, co-authorship networks, citation trends, and thematic clusters. This methodology has proven effective in 
evaluating fragmented or rapidly evolving domains, such as digital education and computational thinking [28], [29]. 

Applying bibliometric analysis to the intersection of CT and Indonesian vocational education offers several 
advantages. First, it provides an objective overview of the volume and distribution of existing research. Second, it 
helps identify the most influential authors, institutions, and themes in the field. Third, it reveals knowledge gaps 
and underrepresented topics, guiding future research agendas. Finally, bibliometric mapping supports strategic 
planning for curriculum developers, policymakers, and teacher educators who seek evidence-based directions for 
innovation [30], [31]. 

Studies in adjacent areas have demonstrated the utility of bibliometric methods. For example, Aispuro et al. 
(2023) conducted a global analysis of CT research [32], while Li et al. (2020) mapped the evolution of computational 
thinking literature over a decade [17]. In Indonesia, bibliometric studies are emerging in education research but 
remain rare in vocational or CT-specific contexts [29]. This underscores the novelty and value of applying 
bibliometrics to this underexplored intersection. 

In conclusion, CT and vocational education are increasingly interconnected, particularly in economies 
transitioning toward digital industries. However, research on their intersection in the Indonesian context remains 
fragmented. Bibliometric analysis offers a robust tool to synthesize this body of knowledge, providing clarity on 
who is contributing to the field, what themes are most prominent, and where opportunities for growth lie. This 
review lays the conceptual foundation for such a mapping effort, supporting the broader goal of strengthening 
Indonesia’s vocational education system for the digital age. 

METHODOLOGY 

This study applies bibliometric analysis to examine the research landscape of Computational Thinking (CT) 
within the context of Indonesian vocational education. Bibliometric methods enable the quantitative mapping of 
research trends, influential works, and scholarly networks, making them suitable for identifying knowledge gaps in 
emerging interdisciplinary fields. 

Data Source and Search Strategy 

Data were retrieved from the Dimensions AI database, selected for its broad coverage of multidisciplinary 
scholarly publications and robust metadata. The search used the Boolean query: ("vocational education") AND 
("Indonesia") AND ("computational thinking"), filtered for publications from 2014 to 2025 which resulted in 218 
literatures. This period aligns with the increasing policy and academic focus on digital skills and curriculum reform 
in Indonesian vocational education. 

Inclusion Criteria and Data Processing 

The study included only open access publications such as journal articles, conference papers, and book 
chapters published from 2014 to 2025. 

The metadata were exported and cleaned using Microsoft Excel. Duplicates were removed, and inconsistencies 
in author names, institutional affiliations, and keywords were standardized to ensure consistency in subsequent 
analyses. 

Analysis and Visualization Tools 

The cleaned data were analyzed using VOSviewer, a tool for constructing and visualizing bibliometric 
networks. Analyses included: 

1. Co-authorship networks to map collaboration among researchers, 
2. Keyword co-occurrence to identify dominant research themes, 
3. Citation analysis to highlight influential publications. 
The resulting visual maps illustrate the structure and dynamics of CT research in Indonesian vocational 

education 
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FINDINGS AND DISCUSSION 

Publication Trends 

The bibliometric analysis shows that scholarly interest in computational thinking (CT) within Indonesian 
vocational education increased steadily from 2014 to 2025. Initial publication numbers were low, but a marked rise 
occurred from 2019 onward. This growth corresponds with national policy shifts emphasizing digital 
competencies, such as the Revitalisasi SMK initiative and the implementation of Kurikulum Merdeka. The highest 
number of publications appeared between 2021 and 2024, reflecting heightened academic attention on integrating 
CT into the vocational education system. 

 
Figure 1. Publication Trends from 2014-2024 

The Research Categories 

Publications in this domain span several academic fields. Most belong to categories such as educational 
technology, vocational education, and curriculum innovation, while others intersect with STEM education and 
computer science. This categorization reveals that CT is viewed both as a technical skill and as a cross-cutting 
cognitive framework. It also indicates the interdisciplinary nature of CT and its relevance across vocational 
domains, particularly in preparing students for technology-enhanced workplaces. 

 
Figure 2. Research Categories 

Key Themes 

Keyword co-occurrence analysis highlighted dominant themes in the literature. Frequently appearing terms 
include computational thinking, STEM, vocational education, problem-solving, and curriculum development. 
These keywords clustered around three major research focuses: 

1. CT as a core 21st-century skill, 
2. CT integration into vocational curricula, 
3. The role of CT in employability and Industry 4.0 readiness. 
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Emerging keywords such as project-based learning, digital literacy, and automation suggest a shift in research 
interest toward the development of future-oriented, transferable competencies in SMK students. 
 

 
Figure 3. Analyzed Using VOSviewer 

Most Cited Sources 

Citation analysis identified influential sources shaping this field. Sustainability ranked highest with 98 citations 
across 7 documents, reflecting the growing connection between CT and sustainable development goals. Other 
leading sources include: 

1. International Journal of Evaluation and Research in Education (IJERE) – 51 citations, 

2. European Journal of Educational Research – 30 citations, 

3. International Journal of Information and Education Technology – 27 citations, 

4. Journal of Education Technology – 21 citations. 
These sources collectively emphasize digital competence, pedagogical innovation, and vocational training 

reform. 
 
Table 1. Cited Sources 

Source Citations Documents 

Sustainability 98 7 

International Journal of Evaluation and Research In Education (IJERE) 51 7 

European Journal of Educational Research 30 6 

International Journal of Information and Education Technology 27 16 

Journal of Education Technology 21 5 

Discussion 

The findings of this bibliometric analysis offer a comprehensive view of how research on computational 
thinking (CT) in Indonesian vocational education has evolved and where it currently stands. The steady increase 
in publications since 2019 corresponds with national education reforms focused on integrating digital 
competencies into the vocational curriculum [7]. This growth reflects a broader recognition of CT not only as a 
technical skill but also as a necessary cognitive framework for preparing vocational students for Industry 4.0 
environments [27]. 

The dominant research categories, which include educational technology, STEM education, and vocational 
pedagogy, confirm that CT is being understood as both content and method. This dual nature supports earlier 
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findings that CT encompasses skills such as decomposition, abstraction, and algorithmic thinking. These skills are 
highly relevant for problem-solving in technical fields [15], [16]. For instance, in automotive or electronics 
programs, students apply decomposition to diagnose systems effectively. Abstraction and pattern recognition help 
them generalize procedures for troubleshooting across different models and tools [18]. 

The recurring themes of employability and Industry 4.0 readiness highlight the practical importance of CT in 
vocational education. CT enables learners to manage data, understand automation, and interact with digital systems. 
These competencies are increasingly demanded by employers [21], [26]. This is particularly relevant given 
Indonesia’s current efforts to modernize its vocational education system through initiatives such as the Revitalisasi 
SMK and the Link and Match program. These initiatives aim to address the mismatch between vocational training 
and labor market demands [24]. 

Moreover, the emergence of research focused on pedagogical strategies that support CT, including project-
based learning and digital literacy, aligns with current curriculum modernization efforts. These strategies resonate 
with the goals of Kurikulum Merdeka, which promotes student-centered learning, interdisciplinary approaches, and 
the development of higher-order thinking skills [23]. CT naturally complements these approaches by offering 
structured, logical reasoning frameworks that enhance both academic and vocational competencies. 

The citation analysis further reveals that influential journals such as Sustainability and IJERE frequently publish 
on CT, vocational training, and digital transformation. This suggests that the integration of CT in vocational 
education is not merely a pedagogical trend. It is also a response to broader educational and policy challenges, 
including sustainable development and technological equity [22]. These findings indicate that CT is positioned at 
the intersection of educational innovation and socio-economic development. 

In conclusion, the increasing research output, thematic diversity, and growing presence in leading journals 
reflect the academic significance of CT in Indonesian vocational education. At the same time, the analysis highlights 
the need for more context-specific research and stronger collaborative networks among local scholars. 
Strengthening these areas can enhance both the theoretical development and practical implementation of CT, 
ultimately supporting Indonesia’s broader education and workforce goals. 

CONCLUSION 

This bibliometric analysis provides a comprehensive overview of the growing body of research on 
computational thinking (CT) in Indonesian vocational education between 2014 and 2025. The findings reveal an 
increasing trend in publication activity, particularly in response to national reforms such as Kurikulum Merdeka 
and Revitalisasi SMK, highlighting CT’s emerging role as both a technical skill and cognitive framework in 
vocational learning. Dominant themes in the literature include CT integration in curricula, employability, and 
Industry 4.0 readiness, with research largely concentrated in interdisciplinary areas such as STEM, educational 
technology, and vocational pedagogy. Influential sources indicate that CT research is aligned with broader goals of 
educational innovation and sustainable development. Despite this momentum, gaps remain in localized studies 
and collaboration among Indonesian scholars. This study contributes by mapping the intellectual and thematic 
structure of the field, offering evidence to guide policy, curriculum development, and future research. 
Strengthening CT integration in vocational education is essential to equipping learners with the problem-solving 
and digital competencies needed for a dynamic, technology-driven workforce. 
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