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 Purpose of the study: Despite the growing number of Teaching Factory studies, 
a comprehensive synthesis of its research development remains limited. 

Therefore, this study systematically reviews Teaching Factory research in 

vocational education published between 2017 and 2026 to identify publication 

trends, methodological characteristics, major research themes, research gaps, and 

future research directions. 

Methodology: This study employed a Systematic Literature Review (SLR) 

following the PRISMA 2020 guidelines. Literature was retrieved exclusively 

from the Scopus database using predefined search terms related to Teaching 
Factory and vocational education. Of 64 identified records, 20 peer-reviewed 

journal articles meeting the inclusion criteria were analyzed using descriptive 

and thematic synthesis. 

Main Findings: The findings revealed a fluctuating but increasing publication 
trend, with quantitative studies representing the dominant research approach. Six 

major research themes were identified: Teaching Factory implementation and 

evaluation, employability and work readiness, industry collaboration, 

entrepreneurship and industrial work culture, model development, and digital 
transformation. Several research gaps were also identified, particularly regarding 

empirical validation, longitudinal research, industry partnership evaluation, and 

Digital Teaching Factory development. 

Novelty/Originality of this study: Unlike previous reviews that examined 
specific aspects of Teaching Factory, this study provides an integrated evidence-

based synthesis of publication trends, methodological characteristics, thematic 

evolution, research gaps, and future research directions. It also proposes a future 

research agenda highlighting the shift from implementation-focused studies 

toward impact-oriented and digitally driven vocational education research. 
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1. INTRODUCTION 

Vocational education plays a strategic role in preparing a skilled workforce capable of meeting the 

rapidly evolving demands of industry [1]-[3]. As technological advancements and industrial transformation 

continue to reshape the world of work, vocational education institutions are expected not only to equip students 

with technical competencies but also with employability skills, problem-solving abilities, adaptability, and 
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professional work ethics [4], [5]. Nevertheless, a growing body of research indicates that vocational education 

systems still face persistent challenges related to the mismatch between graduates’ competencies and industry 

requirements. This issue is reflected in the existence of qualification gaps and skills gaps, as well as the 

continuing need to strengthen the integration between education and industry [6]-[8]. These challenges have 

encouraged educational institutions and policymakers to develop learning models that can enhance the relevance 

of vocational education to labor market needs [9]-[11]. 

One approach that has been widely adopted to address these challenges is the Teaching Factory (TeFa) 

model [11]-[14]. Teaching Factory integrates learning activities with real production processes and industrial 

work culture, allowing students to gain authentic workplace experience while still studying in an educational 

setting [15], [16]. Through this approach, vocational institutions can bridge the gap between classroom learning 

and industrial practice while enhancing students’ technical and professional competencies [17]-[19]. 

Consequently, Teaching Factory has become an important strategy for strengthening the link and match between 

vocational education and industry needs [20]-[23]. 

Numerous empirical studies have shown that the implementation of Teaching Factory has a positive 

impact on both the learning process and educational outcomes in vocational education [19], [24], [25], [26], [27]. 

Research findings indicate that Teaching Factory helps improve students’ technical competencies, employability 

skills, work readiness, and entrepreneurial capabilities, while also strengthening collaboration between 

vocational education institutions and industry partners [28]-[31]. In addition, recent studies have highlighted the 

integration of Industry 4.0 technologies, digital manufacturing systems, and innovative learning approaches 

within Teaching Factory environments, further demonstrating the growing relevance of this model in addressing 

the demands of modern industry [32]-[34]. 

As the number of publications on Teaching Factory continues to grow, several review studies have been 

conducted from different perspectives. Handito et al., [35] examined the relationship between Teaching Factory 

and Computational Thinking through a bibliometric analysis, while Pratama et al., [12] reviewed the 

implementation of Teaching Factory in vocational education. Rifai et al., [36] mapped the Teaching Factory 

research landscape using a Systematic Literature Review approach combined with bibliometric analysis. Other 

review studies have focused on more specific aspects, including the development of a Green Campus-based 

Teaching Factory [37], the integration of quality management within Teaching Factory environments in the 

Industry 4.0 era [38], and the development of an Integrated Teaching Factory framework aimed at enhancing 

competencies aligned with industry standards [39]. 

Although these review studies have contributed to understanding specific dimensions of Teaching 

Factory, several important limitations remain. Existing reviews primarily focus on particular aspects, such as 

Computational Thinking integration, implementation practices, quality management, sustainability, conceptual 

model development, or bibliometric mapping [35]-[39]. Consequently, they provide only a partial understanding 

of the development of Teaching Factory research. To date, no review has comprehensively synthesized 

publication trends, methodological characteristics, dominant research themes, research gaps, and future research 

directions within a single integrated review. 

To address this gap, a comprehensive synthesis is needed to provide a clearer understanding of the 

development of Teaching Factory research and to identify priorities for future studies. Therefore, the present 

study conducts a comprehensive Systematic Literature Review (SLR) of Teaching Factory research in vocational 

education published between 2017 and 2026. Unlike previous review studies that have focused on specific 

dimensions of Teaching Factory, this review provides an integrated synthesis of publication trends, 

methodological characteristics, emerging research themes, and future research opportunities. By doing so, the 

study offers a broader understanding of the development of Teaching Factory research while identifying areas 

that warrant further investigation. 

Therefore, this study aims to systematically review the development of Teaching Factory research in 

vocational education by analyzing publication trends, methodological characteristics, major research themes, 

research gaps, and future research directions. Specifically, this study seeks to answer the following research 

questions: (1) How have publication trends in Teaching Factory research evolved during the 2017–2026 period? 

(2) What methodological approaches have been most frequently employed in Teaching Factory research? (3) 

What are the major themes emerging from the Teaching Factory literature? and (4) What research gaps and 

future research directions can be identified from the existing literature? The findings of this study are expected to 

contribute to the advancement of Teaching Factory scholarship and provide valuable insights for researchers, 

practitioners, and policymakers involved in the development of vocational education. 

 

 

2. RESEARCH METHOD 

This study employed a Systematic Literature Review (SLR) approach to comprehensively synthesize 

research on Teaching Factory (TEFA) in vocational education. The SLR approach was selected because it 

enables the identification, selection, evaluation, and synthesis of relevant studies to be conducted in a systematic, 
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transparent, and replicable manner, thereby enhancing methodological rigor and the credibility of the review 

findings. To ensure consistency and transparency throughout the review process, this study followed the 

Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA 2020) framework developed by 

[40]. The PRISMA framework consists of four main stages: identification, screening, eligibility assessment, and 

study inclusion. Applying the PRISMA framework provided a structured procedure for selecting relevant 

literature while minimizing potential bias throughout the review process. 

The literature search was conducted on June 7, 2026, using the Scopus database as the sole source of 

literature. Scopus was selected because it is one of the largest and most comprehensive bibliographic databases, 

indexing high-quality international journals across a wide range of disciplines, including vocational education 

and Technical and Vocational Education and Training (TVET). This review focused on studies published 

between 2017 and 2026 to capture the development of Teaching Factory research in vocational education over 

the past decade. The search strategy was designed to include a range of terms related to Teaching Factory and 

vocational education. The following search string was applied in Scopus: TITLE-ABS-KEY (“teaching factory” 

OR “tefa”) AND TITLE-ABS-KEY (vocational OR TVET OR “vocational education” OR SMK) 

The initial search yielded 64 documents. After applying filters for publication year (2017–2026) and 

language (English), the number of records was reduced to 61 articles. A subsequent title and abstract screening 

resulted in 26 articles being selected for full-text assessment. Following the eligibility evaluation, six articles 

were excluded because they did not meet the inclusion criteria, leaving 20 studies to be included in the final 

synthesis. 

To ensure the relevance and quality of the studies included in this review, predefined inclusion and 

exclusion criteria were applied. The inclusion criteria were as follows: (1) peer-reviewed journal articles; (2) 

studies published between 2017 and 2026; (3) research focusing on Teaching Factory within the context of 

vocational education; (4) articles written in English; and (5) studies available in full-text format. Conversely, 

studies were excluded if they were conference proceedings, book chapters, review articles, editorials, published 

before 2017, unrelated to Teaching Factory in vocational education, or unavailable in full-text form. 

 

Table 1. Inclusion and Exclusion Criteria 

Category Inclusion Criteria Exclusion Criteria 

Publication Type Peer-reviewed journal articles 
Conference proceedings, book chapters, 

review articles, and editorials 

Publication Year 2017–2026 Before 2017 

Topic 

Teaching Factory (TEFA) in 

vocational education (Vocational 

Education, TVET, or Vocational 

High School/SMK) 

Topics unrelated to Teaching Factory or 

vocational education 

Language Articles published in English Non-English articles 

Educational Context 

Vocational education, TVET, 

vocational high schools (SMK), or 

vocational training 

Non-educational or non-vocational 

contexts 

Document Availability 
Full-text articles available and 

accessible 
Articles unavailable in full-text format 

Research Focus 

Teaching Factory implementation, 

models, research trends, outcomes, 

challenges, success factors, industry 

collaboration, or Teaching Factory 

development 

Studies focusing solely on specific 

technologies, products, or systems 

without an explicit focus on Teaching 

Factory 

 

The study selection process followed the PRISMA 2020 guidelines. The initial search identified 64 

records from the Scopus database. After applying restrictions based on publication year (2017–2026) and 

language (English), three records were excluded, leaving 61 articles for the screening process. During the title 

and abstract screening stage, 35 articles were excluded because they did not align with the focus of the study, did 

not address Teaching Factory within the context of vocational education, or failed to meet the objectives of the 

review. As a result, 26 articles were retained for full-text assessment. 

Following the eligibility assessment, six articles were excluded because they did not meet the inclusion 

criteria or showed limited relevance to the research questions. Consequently, a total of 20 studies were included 

in the final synthesis. A summary of the identification, screening, and study selection process is presented in 

Figure 1. 
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Figure 1. PRISMA 2020 Flow Diagram 

 

A total of 20 selected studies were analyzed using descriptive analysis and thematic synthesis. Data 

were extracted systematically using a predefined data extraction form. The information collected included 

publication year, research methodology, research focus, main findings, and research gaps identified in each 

study. The analysis was conducted based on the four research questions formulated in this review. First, 

descriptive synthesis was used to identify publication trends in Teaching Factory research during the 2017–2026 

period (RQ1). Second, descriptive synthesis was employed to examine the methodological characteristics of 

studies on Teaching Factory (RQ2). Third, thematic synthesis was used to identify and interpret the major 

themes emerging from the Teaching Factory literature (RQ3). Finally, thematic analysis was conducted to 

synthesize research gaps and formulate future research directions in the field of Teaching Factory (RQ4). To 

enhance the reliability of the review findings, all studies included in the analysis were systematically examined 

using the same coding framework and thematic categories. This approach ensured consistency in the data 

extraction and interpretation processes while reducing the potential for researcher bias during the synthesis 

process. 

 

 

3. RESULTS AND DISCUSSION 

3.1 Publication Trends in Teaching Factory Research in Vocational Education 

The publication trend of Teaching Factory (TEFA) research in vocational education during the 2017–

2025 period will illustrates in figure 2. 
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Figure 2. Publication Trend 

 

Figure 2 illustrates the publication trend of Teaching Factory (TEFA) research in vocational education 

during the 2017–2025 period. Overall, the number of publications exhibited a fluctuating pattern but showed an 

upward trend toward the end of the review period. The earliest study identified in this review was published in 

2017, with only one article meeting the inclusion criteria. No eligible articles were identified in 2018. The 

number of publications then increased substantially in 2019, reaching six articles (30%), the highest number 

recorded during the review period. In 2020, the number declined to three articles (15%) and remained relatively 

stable between 2021 and 2023, with one article (5%) published each year. Publication activity increased again in 

2024, with three articles (15%), and reached four articles (20%) in 2025. 

Based on this pattern, the development of Teaching Factory research can be divided into three major 

phases. The first phase, referred to as the introduction and early development phase (2017–2020), was 

characterized by growing scholarly interest in Teaching Factory as a production-based learning model in 

vocational education. During this period, most studies focused on model development, implementation 

evaluation, and the identification of factors supporting the successful implementation of Teaching Factory in 

vocational schools. The sharp increase in publications in 2019 reflects the growing attention given to Teaching 

Factory, driven by vocational education revitalization initiatives and efforts to strengthen the link and match 

between education and industry [41], [42]. In addition, Teaching Factory was increasingly recognized as a 

learning model capable of bridging the gap between graduates’ competencies and industry needs [15]. 

The second phase, referred to as the research slowdown phase (2021–2023), was characterized by a 

relatively low and stable number of publications. This trend may be associated with the impact of the COVID-19 

pandemic, which affected the implementation of practical training, laboratory activities, and collaboration with 

industry partners across many vocational education institutions [43], [44]. In addition, research attention during 

this period appears to have shifted toward issues related to online learning, digital transformation in education, 

and the adaptation of educational systems during the pandemic [45], [46]. As a result, research on Teaching 

Factory progressed at a slower pace compared to the previous phase. 

The third phase, referred to as the revival and diversification phase (2024–2025), was marked by a 

renewed increase in publication output alongside a broader range of research topics. While earlier studies 

primarily focused on implementation and model development, recent research has increasingly examined the 

impact of Teaching Factory on employability skills, graduate work readiness, industrial work culture, 

partnerships with industry stakeholders, and the integration of digital technologies in vocational education. This 

shift suggests that Teaching Factory research is gradually moving beyond implementation-related issues toward 

the evaluation of educational outcomes and their relevance to labor market needs and the challenges of Industry 

4.0. 

 

3.2 Research Methods Used in Teaching Factory Studies  

The characteristics of the research methods employed in Teaching Factory (TEFA) studies are 

presented in Table 2. The analysis revealed that quantitative research was the most frequently used approach, 

accounting for six articles (30%). Qualitative research was identified in five articles (25%), followed by mixed-

methods studies in four articles (20%). In addition, three articles (15%) employed literature review or conceptual 
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approaches, while one article (5%) used a Research and Development (R&D) methodology and another one 

article (5%) adopted a program evaluation approach. 

 

Table 2. Characteristics of Research Methods in Teaching Factory Studies 

Category Subcategory n % 

Research Method Qualitative 5 25  
Quantitative 6 30  
Mixed Methods 4 20  
Research and Development (R&D) 1 5  
Literature Review / Conceptual 

Study 

3 15 

 
Program Evaluation 1 5 

Total 
 

20 100 

 

The predominance of quantitative research suggests that Teaching Factory scholarship is increasingly 

moving toward the empirical assessment of program outcomes. The quantitative studies identified in this review 

primarily focused on measuring employability skills, work readiness, program effectiveness, and factors 

influencing the successful implementation of Teaching Factory. The use of diverse analytical techniques, 

including surveys, SEM-PLS, multivariate analysis, and pre-test–post-test designs, reflects ongoing efforts to 

generate stronger empirical evidence regarding the effectiveness of Teaching Factory in vocational education. 

Nevertheless, qualitative research still accounted for a substantial proportion of the reviewed studies. 

Most qualitative investigations focused on exploring Teaching Factory implementation, institutional readiness, 

management systems, enabling and constraining factors, as well as the dynamics of school–industry 

relationships. The prominence of qualitative approaches during the early stages of Teaching Factory research 

suggests that researchers were primarily concerned with understanding the implementation context before 

undertaking broader evaluations of program outcomes. 

Another notable finding is the increasing use of mixed-methods approaches. This approach enables 

researchers to combine the strengths of quantitative and qualitative data, providing a more comprehensive 

understanding of Teaching Factory. Several mixed-methods studies not only evaluated program effectiveness but 

also developed models, validated instruments, and identified factors influencing successful implementation. This 

trend suggests that Teaching Factory research is evolving toward more integrative and multidimensional 

approaches. 

In contrast, studies employing Research and Development (R&D) and program evaluation 

methodologies remain relatively limited in number. Yet, both approaches play an important role in developing 

innovative Teaching Factory models and systematically assessing their effectiveness. Likewise, the presence of 

literature reviews and conceptual studies indicates that the development of Teaching Factory conceptual 

frameworks continues to be an area of interest among researchers seeking to strengthen the theoretical 

foundations of vocational education. 

 

3.3 Major Themes of Teaching Factory Research in Vocational Education 

The thematic synthesis of the 20 studies included in this review identified six major themes within the 

Teaching Factory (TEFA) literature: (1) Teaching Factory implementation, readiness, and evaluation; (2) 

employability and work readiness; (3) industry collaboration and partnerships; (4) entrepreneurship and 

industrial work culture; (5) Teaching Factory model development and innovation; and (6) digital transformation 

and Education 4.0. A summary of the thematic synthesis is presented in Table 3. 

 

Table 3. Thematic Synthesis of Teaching Factory Research in Vocational Education 

Major Theme Research Focus Supporting Studies 

Teaching Factory 

Implementation, Readiness, 

and Evaluation 

Institutional readiness, program 

implementation, management 

systems, enabling and constraining 

factors, and evaluation of Teaching 

Factory implementation 

[21], [47], [48], [49], [50] 

Employability and Work 

Readiness 

Employability skills, occupational 

competencies, soft skills, readiness 

for employment, and 21st-century 

skills 

[19], [22], [51] 
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Major Theme Research Focus Supporting Studies 

Industry Collaboration and 

Partnerships 

Industry involvement, school–

industry partnerships, curriculum 

alignment, and production-based 

learning 

[11], [13], [52] 

Entrepreneurship and 

Industrial Work Culture 

Entrepreneurial mindset, industrial 

work culture, professionalism, work-

related character development, and 

business orientation 

[50], [53], [54], [55] 

Teaching Factory Model 

Development and Innovation 

Model development, model 

validation, instructional innovation, 

evaluation systems, and Teaching 

Factory management development 

[13], [14], [17], [25], [56], [57], 

[58] 

Digital Transformation and 

Education 4.0 

Integration of digital technologies, 

Industry 4.0, ICT, Artificial 

Intelligence, and digital 

entrepreneurship within Teaching 

Factory environments 

[54], [58] 

 

Teaching Factory implementation, readiness, and evaluation emerged as the most prominent theme in 

the reviewed literature. Studies by [47]-[50] indicate that scholarly attention has largely focused on how 

Teaching Factory can be effectively implemented within vocational education. These studies emphasize the 

importance of human resource readiness, management support, infrastructure, management systems, and other 

factors that contribute to successful program implementation. 

The findings suggest that Teaching Factory extends beyond a production-based learning model and 

should instead be viewed as a comprehensive system that integrates educational processes, management 

practices, and industrial work environments. This perspective highlights the complexity of implementing 

Teaching Factory and the need for strong institutional capacity to support its operation. Consequently, the 

success of Teaching Factory implementation largely depends on the readiness of institutions to develop a 

learning ecosystem that effectively integrates both production activities and educational objectives. 

The theme of employability and work readiness reflects a shift in research focus from program 

implementation toward the evaluation of its impact on learners. Studies by [19], [22], [51] reported that Teaching 

Factory contributes positively to the development of occupational competencies, employability skills, 

communication abilities, teamwork, problem-solving skills, and readiness for employment. These findings 

suggest that Teaching Factory can effectively bridge the gap between school-based learning and workplace 

demands. 

By providing learning experiences that closely resemble real industrial environments, Teaching Factory 

offers students opportunities to develop competencies that are aligned with the requirements of the modern labor 

market. The prominence of employability-related studies also reflects a growing interest in educational outcomes 

and graduate success following participation in Teaching Factory programs. This shift indicates that researchers 

are increasingly concerned not only with how Teaching Factory is implemented but also with how it contributes 

to learners’ preparedness for employment and long-term career development. Industry collaboration and 

partnerships emerged as one of the most critical factors influencing the success of Teaching Factory. Studies by 

[11], [13], [52] demonstrate that industry involvement facilitates curriculum alignment, technology transfer, 

enhanced competency relevance, and the provision of authentic workplace experiences for students. These 

contributions help strengthen the connection between vocational education and the evolving needs of industry. 

Interestingly, this theme emerged not only as a success factor but also as one of the major challenges in 

the implementation of Teaching Factory. Several studies indicate that establishing and sustaining long-term 

partnerships remains a significant challenge for many vocational education institutions. These findings suggest 

that the quality of school–industry relationships represents a strategic element that influences both the 

effectiveness of Teaching Factory and the long-term sustainability of the program. Therefore, fostering strong 

and mutually beneficial partnerships with industry is essential for maximizing the potential of Teaching Factory 

as a bridge between education and employment. 

Beyond preparing students for employment, Teaching Factory also contributes to the development of 

entrepreneurship and industrial work culture. Studies by [53]-[55] indicate that students’ involvement in market-

oriented production and service activities fosters entrepreneurial mindsets, responsibility, discipline, 

professionalism, and a strong orientation toward quality standards. These experiences expose students to 

workplace expectations while encouraging the development of attitudes and behaviors valued in both industry 

and business settings. 
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The findings suggest that Teaching Factory serves not only as a platform for developing technical 

competencies but also as a means of cultivating work-related values and professional character aligned with the 

needs of industry. In this regard, Teaching Factory plays a strategic role in preparing graduates who are not only 

ready for employment but also possess the entrepreneurial capacity to create their own business opportunities 

and adapt to a rapidly changing labor market. 

The theme of Teaching Factory model development and innovation suggests that much of the existing 

research remains focused on strengthening conceptual foundations and refining implementation models. Studies 

by [56]-[58] have concentrated on the development of models, evaluation systems, assessment instruments, and 

conceptual frameworks aimed at enhancing the effectiveness of Teaching Factory implementation. The 

prominence of this theme indicates that researchers are still seeking to identify Teaching Factory models that 

best align with the needs of vocational education and the evolving demands of industry. At the same time, it 

suggests that evidence regarding the long-term effectiveness of Teaching Factory remains relatively limited 

compared to the substantial body of research devoted to model development and conceptual validation. This 

imbalance highlights the need for future studies to move beyond model refinement and place greater emphasis 

on evaluating the long-term outcomes and sustainability of Teaching Factory initiatives in diverse vocational 

education contexts. 

Although still relatively limited in scope, the theme of digital transformation and Education 4.0 

represents an emerging direction in Teaching Factory research. Studies by [54], [58] have begun to integrate 

concepts such as Industry 4.0, digital technologies, information and communication technology (ICT), digital 

entrepreneurship, and artificial intelligence into vocational learning environments. The emergence of this theme 

suggests that Teaching Factory is gradually evolving from a conventional production-based model toward a 

more digital, adaptive, and technology-driven learning ecosystem. This development reflects the growing need 

for vocational education to respond to rapid technological advances and changing industry requirements. 

Consequently, digital transformation is likely to become one of the key areas of future Teaching Factory 

research, particularly in relation to preparing learners with the competencies required in technology-intensive 

industries. The integration of emerging technologies into Teaching Factory environments may also open new 

opportunities for innovation in teaching, learning, and industry collaboration. 

Overall, the thematic synthesis indicates that Teaching Factory research in vocational education has 

evolved considerably over time. In its early stages, the literature was largely dominated by studies focusing on 

implementation, institutional readiness, and the development of Teaching Factory models [21], [25], [47]. Over 

time, research attention shifted toward evaluating the impact of Teaching Factory on employability skills, work 

readiness, and the development of industrial work culture [22], [51], [53]. 

At the same time, industry partnerships emerged as a central factor influencing the success of Teaching 

Factory implementation, while also representing one of the most frequently reported challenges faced by 

vocational education institutions [13], [52]. Furthermore, the emergence of digital transformation and Education 

4.0 as research themes signals a new direction in the evolution of Teaching Factory, one that is increasingly 

responsive to technological change and future industry demands [54], [58]. Taken together, these findings 

suggest that Teaching Factory research has progressed beyond issues of model development and implementation 

toward a broader effort to understand its impact, sustainability, and relevance in addressing the challenges of 

workforce transformation in the twenty-first century. 

 

3.4 Research Gaps and Future Directions in Teaching Factory Research 

The synthesis of the reviewed studies revealed several research gaps that continue to limit the 

advancement of Teaching Factory scholarship. Identifying these gaps is essential for understanding the current 

state of knowledge and for guiding future research efforts. Table 4 summarizes the major research gaps 

identified in the literature, along with corresponding directions for future research. 

 

Table 4. Research Gaps and Future Directions in Teaching Factory Research 

Research Gap Evidence from the Literature Supporting Studies Future Research Directions 

Limited 

empirical 

validation of 

Teaching 

Factory models 

Many studies continue to focus 

on model development and 

conceptual validation, with 

relatively few examining large-

scale implementation in real 

vocational education settings. 

[13], [17], [25], [57] 

Examine the effectiveness of 

Teaching Factory models 

across different schools, 

vocational disciplines, and 

educational contexts. 

Research 

concentrated in 

limited contexts 

Most studies have been 

conducted within a single 

school, region, or vocational 

program, limiting the 

generalizability of findings. 

[21], [48], [50], [51] 

Conduct comparative studies 

across schools, regions, and 

vocational programs to 

enhance the external validity 

of findings. 
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Research Gap Evidence from the Literature Supporting Studies Future Research Directions 

Limited 

longitudinal 

research 

The impact of Teaching 

Factory is typically assessed in 

the short term, with few studies 

tracking outcomes after 

graduates enter the workforce. 

[19], [22], [49], [56] 

Investigate the long-term 

effects of Teaching Factory 

on career development, 

employability, and graduate 

performance through 

longitudinal studies. 

Limited 

comprehensive 

assessment of 

educational 

outcomes 

Much of the existing literature 

focuses on implementation and 

model development rather than 

systematically evaluating 

learning outcomes and student 

competencies. 

[13], [47], [48], [52] 

Examine the effects of 

Teaching Factory on learning 

outcomes, competencies, 

employability skills, and 

work readiness using more 

rigorous quantitative 

approaches. 

Insufficient 

investigation of 

industry 

engagement 

Industry involvement is 

frequently identified as a 

critical factor, yet the quality, 

intensity, and effectiveness of 

partnerships remain 

underexplored. 

[11], [22], [55], [57] 

Develop partnership models 

and evaluation indicators to 

identify the most effective 

forms of school–industry 

collaboration. 

Methodological 

limitations 

Existing studies are still 

dominated by descriptive 

research, case studies, and 

model development 

approaches. 

[17], [25], [53] 

Employ mixed-methods, 

quasi-experimental, and 

longitudinal designs to 

generate stronger empirical 

evidence. 

Digital Teaching 

Factory remains 

at an early stage 

of development 

The integration of Artificial 

Intelligence, Industry 4.0, and 

digital technologies in 

Teaching Factory is still 

largely limited to conceptual 

development and preliminary 

validation. 

[54], [58] 

Develop and evaluate AI-

driven Digital Teaching 

Factory models incorporating 

the Internet of Things, smart 

manufacturing, and digital 

entrepreneurship. 

 

Based on the synthesis presented in Table 4, one of the major gaps in Teaching Factory research is the 

limited empirical validation of existing models. Studies by [13], [17], [25], [57] have primarily focused on model 

development, conceptual validation, and the design of Teaching Factory implementation frameworks. These 

findings suggest that the effectiveness of Teaching Factory models across diverse vocational education settings 

remains insufficiently examined. Therefore, future research should place greater emphasis on evaluating the 

implementation and effectiveness of Teaching Factory models across different schools, vocational disciplines, 

and educational contexts. 

Another important gap relates to the limited scope of research contexts. Studies conducted by [21], [48], 

[50], [51] were generally confined to specific schools or vocational programs. As a result, the generalizability of 

their findings to broader vocational education contexts remains limited. To address this issue, comparative 

studies across schools, regions, and vocational disciplines are needed to provide a more comprehensive 

understanding of how Teaching Factory is implemented and adapted across different educational settings. 

The synthesis also revealed a notable lack of longitudinal research. Studies by [19], [22], [49], [56] 

have primarily examined the effects of Teaching Factory during the learning process or over relatively short 

periods. However, one of the primary objectives of Teaching Factory is to enhance graduates’ work readiness 

and success in the labor market. Therefore, longitudinal studies that track graduates after they enter the 

workforce represent an important research agenda for understanding the long-term impact of Teaching Factory 

on employability, career development, and professional success. 

Another gap concerns the limited assessment of educational outcomes. Studies by [13], [47], [48], [52] 

have focused primarily on program implementation and model development rather than systematically 

evaluating their impact on learning outcomes, student competencies, employability skills, and work readiness. 

These findings highlight the need for more rigorous quantitative research to examine the contribution of 

Teaching Factory to a broader range of vocational education outcomes. Such evidence would provide a stronger 

basis for assessing the effectiveness of Teaching Factory and informing educational policy and practice. 

With regard to industry partnerships, studies by [11], [22], [55], [57] consistently emphasize the 

importance of industry involvement in the success of Teaching Factory initiatives. However, research examining 

the quality, intensity, and effectiveness of such partnerships remains limited. Most studies treat industry as a 
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supporting stakeholder without systematically evaluating which forms of collaboration are most effective in 

achieving educational and workforce-related outcomes. Consequently, future research should focus on 

developing comprehensive models and evaluation indicators for school–industry partnerships to better 

understand and measure effective collaboration practices. 

From a methodological perspective, Teaching Factory research continues to be dominated by 

descriptive studies, case studies, and model development approaches, as reflected in the works of [17], [25], 

[53]. While these studies have made important contributions to the conceptual development of Teaching Factory, 

the empirical evidence generated remains relatively limited. Therefore, stronger research designs, including 

mixed-methods, quasi-experimental, and longitudinal approaches, are needed to produce more robust and 

generalizable findings. Such methodological advancements would strengthen the evidence base for Teaching 

Factory and support more informed decision-making in vocational education policy and practice. 

In addition, advances in digital technologies have created new opportunities for the development of 

Teaching Factory. Studies by [54], [58] indicate that the integration of digital technologies, Artificial 

Intelligence, and Industry 4.0 concepts into Teaching Factory remains at an early stage of development and 

conceptual validation. These findings suggest that Digital Teaching Factory is still an emerging area of research 

with considerable potential for further exploration through the development and evaluation of AI-driven models, 

the Internet of Things, smart manufacturing systems, and digital entrepreneurship initiatives. 

Overall, the synthesis highlights several persistent gaps in Teaching Factory research, including limited 

empirical validation of existing models, restricted research contexts, the scarcity of longitudinal studies, the lack 

of comprehensive assessments of educational outcomes, insufficient evaluation of industry partnerships, the 

predominance of descriptive research designs, and the early-stage development of Digital Teaching Factory. 

These findings extend previous review studies by providing an integrated synthesis of publication trends, 

methodological characteristics, major research themes, and future research directions within a single review. 

Practically, the findings may assist researchers in identifying priority areas for future investigation and support 

educators, institutional leaders, and policymakers in strengthening Teaching Factory implementation and 

industry collaboration. Nevertheless, this review is limited to studies indexed in the Scopus database and 

published in English between 2017 and 2026. Future reviews are encouraged to incorporate additional databases 

and broader sources of evidence to provide a more comprehensive understanding of Teaching Factory research. 

 

 

4. CONCLUSION 

This study systematically reviewed the development of Teaching Factory research in vocational 

education to provide a comprehensive understanding of its publication trends, methodological characteristics, 

major research themes, research gaps, and future research directions. The findings indicate that Teaching Factory 

research has evolved from an initial focus on implementation and model development toward evaluating its 

impact on employability skills, work readiness, industrial work culture, and its relevance to labor market needs. 

Although the number of publications remains relatively limited, the increasing volume of research in recent 

years indicates that Teaching Factory continues to be recognized as an important approach for strengthening 

industry-oriented vocational education. The analysis of 20 studies identified six major themes that dominate the 

literature: Teaching Factory implementation, readiness, and evaluation; employability and work readiness; 

industry collaboration and partnerships; entrepreneurship and industrial work culture; Teaching Factory model 

development and innovation; and digital transformation and Education 4.0. These findings indicate that Teaching 

Factory research is no longer confined to implementation-related issues but is increasingly directed toward 

assessing educational outcomes and adapting vocational education to the demands of emerging industrial 

technologies. However, several research gaps remain. These include the limited empirical validation of Teaching 

Factory models, the scarcity of longitudinal studies, restricted research contexts, the lack of comprehensive 

assessments of educational outcomes, and the limited attention given to the effectiveness of industry partnerships 

and the development of Digital Teaching Factory. Accordingly, future research should strengthen empirical 

research designs, expand the scope of investigation, develop evaluation models for school–industry partnerships, 

and explore the integration of digital technologies such as Artificial Intelligence, the Internet of Things, and 

smart manufacturing within Teaching Factory environments. 

 

  

ACKNOWLEDGEMENTS 

The authors would like to express their sincere gratitude to all students who participated in this study 

and contributed valuable data to this research. Appreciation is also extended to all parties who supported the data 

collection process. This study was conducted without any external funding. 

 

AUTHOR CONTRIBUTIONS 



                ISSN: 2716-3725 

In. Sci. Ed. J, Vol. 7, No. 4, July 2026:  668 – 680 

678 

All authors have read and agreed to the published version of the manuscript. Conceptualization, Sefthy 

P. B. Syahailatua and Widihastuti; Methodology, Sefthy P. B. Syahailatua and Widihastuti; Data curation, Sefthy 

P. B. Syahailatua; Formal analysis, Sefthy P. B. Syahailatua and Widihastuti; Investigation, Sefthy P. B. 

Syahailatua; Writing – original draft preparation, Sefthy P. B. Syahailatua; Writing – review and editing, 

Widihastuti; Supervision, Widihastuti. 

 

CONFLICTS OF INTEREST 

The author(s) declare no conflict of interest. 

 

INFORMED CONSENT STATEMENT 

All images in this article have been authorized and are the property of the authors. 

 

USE OF ARTIFICIAL INTELLIGENCE (AI)-ASSISTED TECHNOLOGY 

The authors declare that no artificial intelligence (AI) tools were used in the generation, analysis, or 

writing of this manuscript. All aspects of the research, including data collection, interpretation, and manuscript 

preparation, were carried out entirely by the authors without the assistance of AI-based technologies.  

 

 

REFERENCES 
[1] S. Billett, “Learning through work: augmenting vocational educational experiences to meet 21st-century work 

requirements,” in International Encyclopedia of Education(Fourth Edition), Elsevier, 2022, pp. 452–461. doi: 

10.1016/B978-0-12-818630-5.02083-2. 

[2] M. Kayyali, “Aligning Vocational Education With Industry Needs,” in Innovative Approaches in Vocational and 

Regional Education, IGI Global, 2025, pp. 1–48. doi: 10.4018/979-8-3693-9496-0.ch001. 
[3] Y. Yoto, “Vocational education development strategy to improve quality of human resources in dealing with Asean 

Economic Community,” In AIP Conference Proceedings, vol. 1778, no. 1, pp. 030047, AIP Publishing LLC, 2016, doi: 

10.1063/1.4965781. 

[4] K. Gundaboina, “Relevance of employability skills from employer’s perspective,” In AIP Conference Proceedings, vol. 

2794, no. 1, pp. 020025, AIP Publishing LLC, 2023, doi: 10.1063/5.0165911. 

[5] M. S. Otu and M. M. Sefotho, Career Coaching and Employability Skills Acquisition. IGI Global, 2025. doi: 

10.4018/979-8-3693-4014-1. 

[6] N. Veena and N. Anitha, “Converting intent of physically impaired into text using eye blink detection,” Int. J. Recent 
Technol. Eng., vol. 8, no. 2, pp. 447–451, 2019, doi: 10.35940/ijrte.B1514.078219. 

[7] L. Büth et al., “Bridging the qualification gap between academia and industry in India,” Procedia Manuf., vol. 9, pp. 

275–282, 2017, doi: 10.1016/j.promfg.2017.04.009. 

[8] Z. Chen, W. Pei, J. Zhang, and X. Wu, “The transformation of Chinese vocational education in the era of 
globalization,” Vocat. Technol. Educ., vol. 2, no. 3, 2025, doi: 10.54844/vte.2025.1023. 

[9] M. Ali, B. Triyono, and T. Koehler, “Evaluation of Indonesian technical and vocational education in addressing the gap 

in job skills required by industry,” in 2020 Third International Conference on Vocational Education and Electrical 

Engineering (ICVEE), IEEE, Oct. 2020, pp. 1–6. doi: 10.1109/ICVEE50212.2020.9243222. 
[10] M. Somantri and R. Pramudita, “Enhancing industry’s role in vocational education: an analysis of challenges and 

opportunities based on a literature review,” in 2024 9th International STEM Education Conference (iSTEM-Ed), IEEE, 

2024, pp. 1–7. doi: 10.1109/iSTEM-Ed62750.2024.10663166. 

[11] D. Wahyudin, I. Hanafi, and M. Ahmad, “Enhancing vocational education through the teaching factory model: A study 
on industry-education collaboration,” Edelweiss Appl. Sci. Technol., vol. 9, no. 2, pp. 1747–1758, 2025, doi: 

10.55214/25768484.v9i2.4904. 

[12] G. N. I. P. Pratama et al., “A systematic literature review on implementation of teaching factory model in vocational 

education,” WSEAS Trans. Bus. Econ., vol. 22, pp. 708–718, 2025, doi: 10.37394/23207.2025.22.62. 
[13] S. Wahjusaputri and B. Bunyamin, “Development of teaching factory competency-based for vocational secondary 

education in Central Java, Indonesia,” Int. J. Eval. Res. Educ., vol. 11, no. 1, pp. 353–360, 2022, doi: 

10.11591/ijere.v11i1.21709. 

[14] S. Wahjusaputri, B. Bunyamin, and T. I. Nastiti, “Critical success factors in implementing teaching factory-based 
competency for voca-tional high school students,” J. Cakrawala Pendidik., vol. 40, no. 3, pp. 584–592, 2021, doi: 

10.21831/cp.v40i3.28877. 

[15] G. Chryssolouris, D. Mavrikios, and L. Rentzos, “The Teaching Factory: A Manufacturing Education Paradigm,” 
Procedia CIRP, vol. 57, pp. 44–48, 2016, doi: 10.1016/j.procir.2016.11.009. 

[16] R. C. Putra, I. H. Kusumah, M. Komaro, Y. Rahayu, and E. P. Asfiyanur, “Design learning of teaching factory in 

mechanical engineering,” IOP Conf. Ser. Mater. Sci. Eng., vol. 306, pp. 012104, 2018, doi: 10.1088/1757-

899X/306/1/012104. 
[17] B. C. Tjiptady, Yoto, and Tuwoso, “Improving the quality of vocational education in the 4.0 industrial revolution by 

using the teaching factory approach,” Int. J. Innov. Creat. Chang., vol. 8, no. 1, pp. 22–28, 2019. 

[18] R. Rosidah and S. Sutirman, “Added value of teaching factory learning in services production unit to prepare graduate 

work readiness,” J. Cakrawala Pendidik., vol. 42, no. 3, pp. 695–704, 2023, doi: 10.21831/cp.v42i3.49137. 
[19] D. Tanjung, A. K. I. Syahwani, G. Ayuningtyas, W. Sholihah, and D. A. Rivtryana, “Evaluating the impact of the 

teaching factory model on Vocational High School student competencies in the SMK Centre of excellence program,” 



In. Sci. Ed. J ISSN: 2716-3725  

Mapping Research Trends, Themes, and Future Directions of Teaching Factory in … (Sefthy P. B. Syahailatua) 

679 

BIO Web Conf., vol. 171, pp. 04015, 2025, doi: 10.1051/bioconf/202517104015. 

[20] T. Triyanto, M. Jerusalem, and N. Fitrihana, “Bussines model canvas of teaching factory fashion design competency 

Vocational High School in Yogyakarta,” J. Phys. Conf. Ser., vol. 1273, no. 1, pp. 012049, 2019, doi: 10.1088/1742-
6596/1273/1/012049. 

[21] P. Heriyati and M. Abror, “Teaching factory implementation for fashion design and production program at vocational 

high school 3 Cilegon, West Java, Indonesia,” E3S Web Conf., vol. 426, pp. 02110, 2023, doi: 

10.1051/e3sconf/202342602110. 
[22] A. Prianto, F. Firman, D. Mayasari, and S. Widoyoningrum, “Teaching factory-based learning and its impact on 

students’ employability skills,” Int. J. Learn. Teach. Educ. Res., vol. 24, no. 12, pp. 215–240, 2025, doi: 

10.26803/ijlter.24.12.10. 

[23] E. Yolanda, L. R. Said, and C. Asmawatiy, “Teaching factory: an examination of indonesia’s educational management 
system,” In The Digital Edge: Transforming Business Systems for Strategic Success: Volume 2 (pp. 389-396). Cham: 

Springer Nature Switzerland, 2025, doi: 10.1007/978-3-031-95280-7_37. 

[24] B. Sulistyo, I. Siswanto, Tawardjono, and N. Widodo, “The effects of a teaching factory learning model on students’ 

competency: an empirical study at the department of automotive engineering education of Universitas Negeri 
Yogyakarta,” IOP Conf. Ser. Mater. Sci. Eng., vol. 535, no. 1, pp. 012024, 2019, doi: 10.1088/1757-

899X/535/1/012024. 

[25] E. Diwangkoro and S. Soenarto, “Development of teaching factory learning models in vocational schools,” J. Phys. 

Conf. Ser., vol. 1456, no. 1, pp. 012046, 2020, doi: 10.1088/1742-6596/1456/1/012046. 
[26] I. Isnandar, M. A. Ichwanto, and M. M. Al Ansyorie, “Sister-cousin TF model based on the influence of work 

preparedness and learning outcome,” Soc. Sci. Humanit. Open, vol. 8, no. 1, pp. 100722, 2023, doi: 

10.1016/j.ssaho.2023.100722. 

[27] B. Ramadhani Fajri, F. Mohd Kamaruzaman, M. Omar, W. Lofandri, and A. D. Samala, “Smart teaching factory: 
integrating extended reality, artificial intelligence, and animated simulations for transformative vocational education ,” 

Salud, Cienc. y Tecnol., vol. 5, pp. 1769, 2025, doi: 10.56294/saludcyt20251769. 

[28] H. Sumual and G. J. Soputan, “Entrepreneurship education through industrial internship for technical and vocational 

students,” IOP Conf. Ser. Mater. Sci. Eng., vol. 306, pp. 012053, 2018, doi: 10.1088/1757-899X/306/1/012053. 
[29] D. Nurmalasari and D. R. Swaramarinda, “Can TEFA (teaching factory) be realized with a creative economy, 

appropriate learning model and ICT in Indonesia?,” in Proceedings of the 32nd International Business Information 

Management Association Conference, IBIMA 2018 - Vision 2020: Sustainable Economic Development and Application 

of Innovation Management from Regional expansion to Global Growth, 2018, pp. 7148–7155. 
[30] I. Isnandar, M. M. Al Ansyorie, M. A. Ichwanto, E. Suwarno, and N. Musyafak, “Support in implementation of 

teaching factory and industry collaboration towards learning outcome and work preparedness of vocational high school 

students,” In AIP Conference Proceedings, vol. 2489, No. 1, pp. 030013, AIP Publishing LLC, 2022, doi: 

10.1063/5.0094175. 
[31] A. Sutiadiningsih and T. Mahfud, “Can the teaching factory model improve the entrepreneurial intentions of vocational 

high school students?,” Int. J. Eval. Res. Educ., vol. 12, no. 3, p. 1654, Sep. 2023, doi: 10.11591/ijere.v12i3.25652. 

[32] R. Hänggi, F. Nyffenegger, F. Ehrig, P. Jaeschke, and R. Bernhardsgrütter, “Smart Learning Factory – Network 

Approach for Learning and Transfer in a Digital &amp; Physical Set up,” 2020, pp. 15–25. doi: 10.1007/978-3-030-
62807-9_2. 

[33] G. Jiao, C. Wang, T. Ji, X. Zhang, and S. Jia, “Typical architecture and system integration of digital factories in 

discrete industries,” in 2021 3rd International Conference on Artificial Intelligence and Advanced Manufacture 

(AIAM), IEEE, Oct. 2021, pp. 150–158. doi: 10.1109/AIAM54119.2021.00041. 
[34] K. Wang, L. Wang, W. Yu, F. He, S. Ren, and P. Gu, “Progress and reflection of learning factory,” In Conference on 

Learning Factories, pp. 108-116, Cham: Springer Nature Switzerland, 2024, doi: 10.1007/978-3-031-65400-8_13. 

[35] T. Handito, H. Mulyono, and I. El Khuluqo, “Teaching factory and computational thinking in Asian vocational 

education: a bibliometric analysis of the scopus database 2015–2025,” Discov. Educ., vol. 5, pp. 1–14, 2026, doi: 
10.1007/s44217-026-01521-x. 

[36] D. S. Rifai, A. Ardiansyah, A. I. B. Yahya, and R. Fitriyani, “The implementation of teaching factory in vocational 

education: a systematic review,” J. VARIDIKA, vol. 38, no. 1, pp. 48–64, 2026, doi: 10.23917/varidika.v38i1.13289. 

[37] I. N. Saputro, “Literature Review of The Development of a Green Campus Teaching Factory-Based Learning Model in 
Vocational Schools in Indonesia,” QALAMUNA J. Pendidikan, Sos. dan Agama, vol. 16, no. 1, pp. 65–76, Feb. 2024, 

doi: 10.37680/qalamuna.v16i1.3438. 

[38] E. Saraswati, M. Kristiawan, and E. Risdianto, “Integrated Quality Management Model for Teaching Factory in the Era 

of Industrial Revolution 4.0 : A Systematic Literature Review,” May 27, 2026. doi: 10.21203/rs.3.rs-9435119/v1. 
[39] S. B. Wibowo, N. Latianingsih, S. E. Umboh, A. Umaemah, and U. Irani Z., “Developing an integrated teaching 

factory model for enhancing industry-standard competencies in vocational education: a systematic literature review,” J. 

Konseling dan Pendidik., vol. 13, no. 4, pp. 483–492, Dec. 2025, doi: 10.29210/1198100. 
[40] M. J. Page et al., “PRISMA 2020 explanation and elaboration: updated guidance and exemplars for reporting 

systematic reviews,” BMJ, p. n160, Mar. 2021, doi: 10.1136/bmj.n160. 

[41] E. P. Asfiyanur, K. Sumardi, Y. Rahayu, and R. C. Putra, “The Relevance of Vocational High School Curriculum with 

the Requirement of the Heavy Equipment Industries,” IOP Conf. Ser. Mater. Sci. Eng., vol. 306, p. 012037, Feb. 2018, 
doi: 10.1088/1757-899X/306/1/012037. 

[42] I. M. Sudana, D. Apriyani, and S. Nurmasitah, “Revitalization of Vocational High School Roadmap to Encounter the 

4.0 Industrial Revolution,” J. Soc. Sci. Res., vol. 5, no. 2, pp. 338–342, Jan. 2019, doi: 10.32861/jssr.52.338.342. 

[43] Z. Lei, H. Zhou, W. Hu, and G.-P. Liu, “Impact of COVID-19 Pandemic on Engineering Education: Case Study with 
the Online Laboratory NCSLab,” Int. J. Eng. Educ., vol. 38, no. 5 B, pp. 1505–1512, 2022. 



                ISSN: 2716-3725 

In. Sci. Ed. J, Vol. 7, No. 4, July 2026:  668 – 680 

680 

[44] J. Leoste, S. Rakic, F. Marcelloni, M. F. Zuddio, U. Marjanovic, and T. Oun, “E-learning in the times of COVID-19: 

The main challenges in Higher Education,” in 2021 19th International Conference on Emerging eLearning 

Technologies and Applications (ICETA), IEEE, Nov. 2021, pp. 225–230. doi: 10.1109/ICETA54173.2021.9726554. 
[45] C. Mocanu, A. Grigorescu, A. Nastasa, and A.-M. Zamfir, “Effects of COVID-19 Pandemic on Higher Education. A 

Bibliometric Perspective,” in Springer Proceedings in Business and Economics, 2023, pp. 161–171. doi: 10.1007/978-

3-031-28255-3_12. 

[46] R. Widyaningrum, A. G. Wicaksono, J. Jumanto, E. B. Prihastari, and A. Restuningsih, “Research trends of online 
teaching and learning from 2016 to 2020: A bibliometrics analysis,” in 3rd International Conference on Science 

Education and Technology, ICOSETH 2021, 2023. doi: 10.1063/5.0143347. 

[47] T. Kuat, R. A. P. Hardiyanta, and K. Komiyati, “Implementation of teaching factory in fashion design expertise 

program at muhammadiyah sumowono vocational school: supporting factors, obstacles and solutions,” Journal of 
Vocational Education Studies, vol. 8, no. 2, pp. 623-638, 2025, doi: 10.12928/joves.v8i2.14796. 

[48] A. D. Widiatna, and N. S. Permana, “Optimizing educational personnel for effective teaching factory implementation in 

vocational schools: A case study,” Journal of Educational Management and Instruction (JEMIN), vol. 5, no. 1, pp. 69-

80, 2025, doi: 10.22515/jemin.v5i1.9548. 
[49] S. Doboviček, E. Krulčić, D. Pavletić, and R. Godina, “A scalable learning factory concept for interdisciplinary 

engineering education: insights from a case implementation,” Education sciences, vol. 15, no. 12, pp. 1574, 2025, doi: 

10.3390/educsci15121574. 

[50] I. Wulandari and Sudiyatno, “Development of industrial-work culture through teaching factory program in vocational 
schools,” in Journal of Physics: Conference Series, Nov. 2019. doi: 10.1088/1742-6596/1273/1/012033. 

[51] A. D. Widiatna, P. P. Utami, and I. Kemal, “Implementing and managing the teaching factory learning model at 

vocational schools,” Jurnal Penelitian Pendidikan IPA, vol. 11, no. 5, pp. 341-351, 2025, doi: 

10.29303/jppipa.v11i5.10944. 
[52] E. Curcio, “Techno-economic analysis of hydrogen production: Costs, policies, and scalability in the transition to net-

zero,” International Journal of Hydrogen Energy, vol. 128, pp. 473-487, 2025, doi: 10.1016/j.ijhydene.2025.04.013. 

[53] S. Syifauzakia, M. S. Sumantri, N. Dhieni, and S. Wulan, “Fostering professionalism in prospective early childhood 

teachers through practice-based edupreneurship,” GENIUS: Indonesian Journal of Early Childhood Education, vol. 6, 
no. 1, pp. 71-88, 2025, doi: 10.35719/gns.v6i1.207. 

[54] D. R. Swaramarinda and D. Nurmalasari, “Development of creative economy learning model: Based ICT subject in 

entrepreneurship at vocational high school in West Java,” Adv. Sci. Lett., vol. 23, no. 2, pp. 1–6, 2017, doi: 

10.1166/asl.2017.10137. 
[55] R. Suhartini, B. Y. A. Ramadhani, and U. Wahyuningsih, “Improving Teaching Factory Performance by Work Culture 

in Vocational Learning,” Eurasian J. Educ. Res., no. 109, pp. 236–249, 2024, doi: 10.14689/ejer.2024.109.014. 

[56] Y. I. Hatmojo and W. Ikhsannudin, “Development of Teaching Factory Learning Model in Industrial Automation in 

Vocational High Schools,” J. Edukasi Elektro, vol. 8, no. 1, pp. 55–64, 2024, doi: 10.21831/jee.v8i1.68772. 
[57] N. Inderawan and S. Widodo, “The implementation of teaching factory in producing fly ash based eco-friendly 

concrete products,” in IOP Conference Series: Materials Science and Engineering, May 2019, pp. 012003. doi: 

10.1088/1757-899X/535/1/012003. 

[58] S. Wahjusaputri, T. I. Nastiti, B. Bunyamin, and W. Sukmawati, “Development of artificial intelligence-based teaching 
factory in vocational high schools in Central Java Province,” J. Educ. Learn., vol. 18, no. 4, pp. 1234–1245, 2024, doi: 

10.11591/edulearn.v18i4.21422. 


