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Abstract: The rapid transformation of manufacturing industries driven by Industry 4.0 and the 
emergence of Industry 5.0 have significantly increased the demand for skilled workers capable of 
operating advanced manufacturing technologies, particularly Computer Numerical Control (CNC) 
systems. Consequently, vocational education institutions are required to strengthen practical 
learning approaches that align with contemporary industrial standards. This study aims to analyze 
the implementation of CNC technology in practical learning within Mechanical Engineering 
Vocational Education Programs and to identify its opportunities, challenges, and implications for 
competency development. The study employs a qualitative library research approach by reviewing 
recent scholarly publications, policy documents, and vocational education reports published 
between 2021 and 2025. The findings indicate that CNC technology plays a strategic role in 
enhancing technical competence, digital literacy, machining accuracy, and problem-solving skills 
among vocational students. Furthermore, the integration of CNC technology facilitates the adoption 
of competency-based learning, project-based learning, and teaching factory models that mirror 
authentic industrial environments. However, several challenges remain, including disparities in 
infrastructure availability, limited instructor competency in advanced CNC programming, 
inadequate industry collaboration, and insufficient curriculum alignment with emerging 
manufacturing technologies. The study concludes that effective CNC implementation requires a 
holistic approach involving curriculum transformation, instructor professional development, 
technological investment, and strengthened industry partnerships to ensure vocational graduates 
possess competencies relevant to future workforce demands. 
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INTRODUCTION  

Vocational education has long been recognized as a critical component in developing 
skilled human resources capable of supporting economic growth and industrial 
competitiveness. In many countries, vocational institutions are expected to produce 
graduates who possess not only theoretical knowledge but also practical competencies that 
directly correspond to workplace requirements. The increasing adoption of advanced 
manufacturing technologies has further intensified the need for vocational education 
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systems to modernize learning environments and instructional practices to align with 
industrial transformation (UNESCO, 2022). 

One of the most significant technological developments in modern manufacturing is 
the widespread use of Computer Numerical Control (CNC) technology. CNC technology has 
transformed conventional machining processes by enabling automated control of machine 
tools through computer programming. Compared with traditional machining methods, CNC 
systems offer higher precision, greater efficiency, improved productivity, and enhanced 
manufacturing flexibility. As industries increasingly rely on CNC technology, vocational 
institutions must ensure that students acquire adequate competencies in CNC operation, 
programming, troubleshooting, and production management (International Labour 
Organization, 2023). 

The relevance of CNC technology in vocational education has become increasingly 
important within the context of Industry 4.0. Industry 4.0 emphasizes the integration of 
digital technologies, automation systems, cyber-physical systems, and intelligent 
manufacturing processes. Manufacturing industries are no longer solely dependent on 
manual machine operation but require workers capable of managing interconnected 
production systems supported by digital technologies (European Commission, 2023). 
Consequently, vocational graduates are expected to possess competencies that extend 
beyond conventional machining skills and encompass digital literacy, data interpretation, 
automation management, and adaptive problem-solving abilities. 

Recent studies have highlighted the growing importance of CNC technology as a 
learning medium in vocational education. Research conducted by Wang and Zhao (2024) 
demonstrated that CNC-based practical learning significantly improves students' technical 
performance and machining accuracy compared with conventional machine operation 
training. Similarly, Kim et al. (2024) found that students exposed to integrated CNC 
simulation environments achieved higher competency levels in machine programming and 
process optimization than students relying exclusively on traditional workshop instruction. 

In addition to technical skill development, CNC implementation contributes to the 
cultivation of higher-order thinking skills. CNC programming requires students to analyze 
production requirements, translate engineering drawings into machining instructions, 
optimize tool paths, and evaluate production outcomes. These activities encourage critical 
thinking, analytical reasoning, and systematic problem-solving, which are essential 
competencies in contemporary manufacturing environments (Li et al., 2023). 

The emergence of digital learning technologies has further expanded opportunities 
for CNC education. Virtual CNC simulators, augmented reality systems, and digital twin 
technologies now enable students to practice machine operation and programming within 
safe virtual environments before engaging with actual industrial equipment. According to 
Martínez et al. (2025), virtual CNC learning environments can reduce operational risks 
while simultaneously increasing student confidence and conceptual understanding. Similar 
findings were reported by Rahman et al. (2024), who observed significant improvements in 
student engagement and learning motivation following the integration of simulation-based 
CNC instruction. 

Despite these advantages, the implementation of CNC technology in vocational 
education remains uneven across institutions. Many vocational schools and universities 
continue to face challenges related to infrastructure limitations, machine availability, 
maintenance costs, and instructor readiness. CNC equipment requires substantial financial 
investment, regular maintenance, software updates, and specialized technical expertise. 
Institutions located in developing regions often encounter difficulties in maintaining 
modern CNC facilities due to budget constraints and limited industrial partnerships (Asian 
Development Bank, 2023). 

Instructor competency also represents a significant challenge in CNC implementation. 
Effective CNC instruction requires educators to possess both pedagogical expertise and 
advanced technical skills. However, rapid technological advancement often creates 
competency gaps between industry practices and educational instruction. Several studies 
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indicate that many vocational instructors require continuous professional development to 
keep pace with evolving CNC technologies, CAD/CAM software systems, and smart 
manufacturing applications (Alves & Ferreira, 2024). 

Another important issue concerns curriculum relevance. While CNC technology has 
become a standard component of mechanical engineering vocational programs, curriculum 
structures in some institutions remain focused on conventional machining competencies. 
Consequently, students may receive insufficient exposure to emerging manufacturing 
technologies such as digital manufacturing systems, Internet of Things (IoT)-enabled 
machining, predictive maintenance, and artificial intelligence-supported production 
management. This mismatch may contribute to competency gaps between graduates and 
industry expectations (OECD, 2024). 

The growing adoption of teaching factory models has been proposed as a promising 
strategy to address these challenges. Teaching factory approaches integrate industrial 
production processes into educational settings, allowing students to engage in authentic 
production activities while applying CNC technologies in real-world contexts. Studies 
conducted by Nugraha et al. (2024) suggest that teaching factory environments significantly 
improve students' employability skills, technical competence, and readiness for industrial 
work environments. 

Furthermore, current discussions surrounding Industry 5.0 have introduced new 
dimensions to vocational education. Industry 5.0 emphasizes human-centered technology 
integration, sustainability, and collaborative interaction between humans and intelligent 
systems. Within this framework, CNC education is no longer limited to machine operation 
but extends to sustainable manufacturing practices, collaborative robotics, and data-driven 
production management. Vocational institutions must therefore reconsider how CNC 
technology is implemented within broader educational strategies that prepare learners for 
future industrial ecosystems (European Commission, 2024). 

Although numerous studies have examined CNC technology from technical and 
industrial perspectives, comprehensive analyses focusing on its implementation in practical 
learning within Mechanical Engineering Vocational Education Programs remain relatively 
limited. Existing research frequently investigates specific instructional interventions or 
technological innovations but provides less attention to the broader educational 
implications of CNC integration, including curriculum alignment, instructor readiness, 
learning effectiveness, and workforce preparation. 

Therefore, this study aims to analyze the implementation of Computer Numerical 
Control technology in practical learning within Mechanical Engineering Vocational 
Education Programs. Specifically, the study seeks to identify the educational benefits of CNC 
implementation, examine challenges affecting its integration, and explore strategic 
directions for strengthening CNC-based vocational learning in response to evolving 
industrial demands. The findings are expected to contribute to the development of more 
effective vocational education policies and practices capable of producing graduates who 
are competent, adaptive, and competitive in the era of advanced manufacturing 
technologies. 

METHODS 

Research Design and Philosophical Orientation 
This study employed a qualitative library research design to analyze the 

implementation of Computer Numerical Control (CNC) technology in practical learning 
within Mechanical Engineering Vocational Education Programs. The selection of a 
qualitative approach was based on the exploratory and interpretive nature of the research 
objectives, which sought to understand the educational implications, opportunities, and 
challenges associated with CNC integration rather than to measure causal relationships 
statistically. 
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Library research was considered appropriate because the implementation of CNC 
technology has been extensively discussed across diverse scholarly domains, including 
vocational education, engineering education, manufacturing technology, digital learning, 
and workforce development. Through a systematic examination of contemporary literature, 
the study aimed to synthesize existing knowledge and construct a comprehensive 
understanding of how CNC technology contributes to vocational learning effectiveness in 
the context of industrial transformation. 

The study was informed by an interpretivist perspective, which assumes that 
educational phenomena are shaped by social, technological, institutional, and industrial 
contexts. Within this perspective, the implementation of CNC technology is viewed not 
merely as a technical intervention but as an educational process involving curriculum 
adaptation, pedagogical transformation, competency development, and industry 
engagement. 
 
Conceptual Framework 

The analytical framework of this study was developed based on the intersection of 
vocational education theory, competency-based learning, and technology-enhanced 
learning. CNC implementation was conceptualized as a multidimensional educational 
phenomenon influenced by several interconnected factors. 
The framework assumes that effective CNC-based learning is determined by five major 
dimensions: 

1. Technological Infrastructure 
2. Curriculum Integration 
3. Instructor Competency 
4. Learning Process Innovation 
5. Industry Collaboration 

These dimensions collectively influence the quality of practical learning experiences 
and ultimately contribute to student competency development and workforce readiness. 

 
Figure 1. Conceptual framework of CNC technology implementation 

The framework also acknowledges the influence of external factors such as Industry 
4.0 technologies, digital transformation policies, labor market demands, and institutional 
support systems that shape the effectiveness of CNC implementation. 
 
Data Sources and Literature Selection 

The study relied exclusively on secondary data obtained from academic and 
institutional publications. Data sources included: 

• Peer-reviewed journal articles 
• Conference proceedings 
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• Vocational education reports 
• Government policy documents 
• International organization publications 
• Engineering education studies 

To ensure relevance and currency, literature was selected according to the following 
criteria: 

Table 1. Literature selection criteria 
Criteria Inclusion Requirements 
Publication Year 2021–2025 
Language English 
Subject Area Vocational Education, Engineering Education, CNC 

Technology, Manufacturing Education 
Publication Type Journal Articles, Conference Proceedings, Policy Reports 
Accessibility Full-text available 
Relevance Directly related to CNC implementation in educational 

contexts 
Publications that focused exclusively on industrial CNC performance without 

educational implications were excluded from the analysis. 
The literature search was conducted through several academic databases, including: 

• Scopus-indexed journals 
• Web of Science 
• ScienceDirect 
• SpringerLink 
• Taylor & Francis Online 
• IEEE Xplore 
• ERIC 
• Google Scholar 

Keywords used during the search process included: 
• "CNC technology in vocational education" 
• "CNC practical learning" 
• "Computer Numerical Control education" 
• "Mechanical engineering vocational training" 
• "Industry 4.0 and CNC learning" 
• "Teaching factory CNC" 
• "Virtual CNC laboratory" 
• "CNC competency development" 

 
Literature Screening Process 

The literature identification and screening process followed a structured review 
procedure to ensure the quality and relevance of selected sources. 

Initially, 167 publications were identified through database searches. After removing 
duplicate records and screening titles and abstracts, 84 publications remained for full-text 
review. Subsequently, 42 publications were excluded because they focused primarily on 
industrial production processes rather than educational applications. 

A final set of 42 publications was selected for detailed analysis. 
Table 2. Literature screening process 

Screening Stage Number of Sources 

Initial Identification 167 

Duplicate Removal 138 

Abstract Screening 84 

Full-Text Assessment 42 

Final Sources Analyzed 42 
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The final dataset consisted primarily of empirical studies, systematic reviews, 
educational technology analyses, and policy reports relevant to CNC implementation in 
vocational learning environments. 
 
Analytical Procedures 

The collected literature was analyzed using thematic analysis. This method was 
selected because it enables researchers to identify recurring patterns, concepts, and 
relationships across diverse sources while maintaining sensitivity to contextual differences. 
The analysis was conducted through several stages: 
 
Data Familiarization 

All selected publications were reviewed repeatedly to develop a comprehensive 
understanding of key themes related to CNC implementation in vocational education. 
 
Initial Coding 

Relevant information was coded according to major themes emerging from the 
literature. Coding focused on educational benefits, implementation challenges, 
technological requirements, pedagogical strategies, and competency outcomes. 
 
Theme Development 

Codes were grouped into broader thematic categories representing recurring 
patterns across studies. 

Table 3. Major analytical themes 

Theme Description 

Infrastructure Readiness Availability and quality of CNC facilities 

Curriculum Alignment Integration of CNC into vocational curricula 

Instructor Competency Technical and pedagogical preparedness 

Learning Effectiveness Impact on student learning outcomes 

Industry Collaboration Partnerships supporting CNC education 

Emerging Technologies Integration with Industry 4.0 technologies 

 
Interpretation and Synthesis 

The identified themes were synthesized to construct an integrated understanding of 
CNC implementation in vocational education. Similarities, differences, and emerging trends 
across studies were critically examined to generate broader educational insights. 
 
Trustworthiness and Quality Assurance 

To enhance the credibility and rigor of the study, several validation strategies were 
employed. 

 
Source Triangulation 

The study compared findings from multiple types of literature, including empirical 
studies, policy reports, and theoretical discussions. This approach reduced dependence on 
a single source of evidence and strengthened analytical reliability. 

 
Theoretical Triangulation 

Interpretation was guided by multiple theoretical perspectives, including: 
• Competency-Based Education Theory 
• Constructivist Learning Theory 
• Experiential Learning Theory 
• Technology Acceptance Theory 
• Industry 4.0 Workforce Development Framework 
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The use of multiple theoretical lenses enabled a more comprehensive understanding 
of CNC implementation from educational, technological, and industrial perspectives. 
 
Analytical Consistency 

Coding and thematic categorization were conducted systematically using predefined 
analytical categories. This process ensured consistency across data interpretation and 
minimized subjective bias. 
 
Ethical Considerations 

As a library-based study utilizing publicly available academic sources, no human 
participants were involved. Consequently, ethical risks associated with participant 
confidentiality, informed consent, and personal data protection were not applicable. 
Nevertheless, academic integrity was maintained through accurate citation practices, 
transparent reporting procedures, and adherence to scholarly standards. 

 
Summary of Methodological Framework 

The methodological framework adopted in this study provides a systematic approach 
for examining CNC technology implementation in vocational education. By integrating 
contemporary literature, thematic analysis, and multiple theoretical perspectives, the study 
seeks to generate a comprehensive understanding of how CNC technology contributes to 
practical learning effectiveness, competency development, and workforce readiness within 
Mechanical Engineering Vocational Education Programs. 

RESULTS AND DISCUSSION 

CNC Technology as a Strategic Component of Vocational Learning 
The analysis of the reviewed literature demonstrates that CNC technology has 

evolved from being merely an industrial production tool into a strategic educational 
medium within vocational learning environments. Across the analyzed studies, CNC 
implementation was consistently associated with improved practical competencies, 
enhanced learning engagement, and stronger alignment between vocational education 
outcomes and labor market demands. 

The transformation of manufacturing systems under Industry 4.0 has significantly 
increased the importance of CNC competency among vocational graduates. Modern 
manufacturing facilities increasingly require workers who can operate CNC machines, 
interpret digital engineering drawings, utilize CAD/CAM software, perform machine setup 
procedures, and troubleshoot production processes. Consequently, vocational institutions 
have been compelled to redesign practical learning experiences to reflect contemporary 
industrial practices (International Labour Organization, 2023; OECD, 2024). 

The literature indicates that institutions successfully implementing CNC technology 
tend to emphasize competency-oriented learning rather than traditional content-oriented 
instruction. In such environments, students are actively involved in machine programming, 
simulation, production planning, machining execution, quality control, and process 
evaluation. These activities provide authentic learning experiences that closely resemble 
industrial work situations. 

Table 4. Educational contributions of CNC technology in vocational learning 
Learning 
Dimension 

Contribution of CNC Technology Reported Educational 
Impact 

Technical Skills Machine operation and 
programming 

Improved machining 
competence 

Digital Literacy CAD/CAM and simulation software 
use 

Enhanced digital 
competency 

Problem Solving Troubleshooting and process 
optimization 

Stronger analytical skills 
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Productivity 
Awareness 

Production efficiency 
understanding 

Increased industrial 
readiness 

Quality Control Precision measurement and 
evaluation 

Better quality management 
skills 

The findings suggest that CNC technology contributes not only to technical proficiency 
but also to broader employability competencies that are increasingly valued in advanced 
manufacturing industries. 
 
Infrastructure Readiness and Learning Effectiveness 

Infrastructure readiness emerged as one of the most influential factors affecting the 
success of CNC implementation. The reviewed studies revealed substantial variation in CNC 
facility availability among vocational institutions. 

Institutions equipped with modern CNC machining centers, CAD/CAM software, 
simulation laboratories, and digital manufacturing systems generally reported higher 
student competency achievement than institutions relying on conventional machining 
equipment. Modern infrastructure enables students to experience industrial-standard 
production environments and become familiar with technologies currently used in 
manufacturing sectors (European Commission, 2023). 

However, several studies reported that infrastructure limitations remain a significant 
challenge, particularly in developing countries. High acquisition costs, maintenance 
expenses, software licensing fees, and equipment replacement requirements frequently 
constrain institutional capacity to provide adequate CNC facilities. 

Table 5. Major infrastructure challenges identified in the literature 

Challenge Educational Impact 

Limited CNC machine availability Reduced student practice opportunities 

High maintenance costs Equipment downtime 

Software licensing expenses Restricted access to simulation tools 

Outdated machine technology Industry relevance gap 

Insufficient digital infrastructure Limited integration of smart manufacturing tools 

The literature consistently suggests that investment in infrastructure should be 
viewed not merely as equipment procurement but as part of a broader educational 
transformation strategy. 
 
Instructor Competency and Pedagogical Transformation 

Instructor competency emerged as another critical determinant of successful CNC 
implementation. Effective CNC instruction requires educators to possess a combination of 
technical expertise, pedagogical competence, and familiarity with emerging manufacturing 
technologies. 

Several studies reported that many vocational instructors possess strong 
conventional machining backgrounds but limited exposure to advanced CNC programming, 
digital manufacturing systems, and Industry 4.0 technologies. This competency gap may 
affect instructional quality and reduce the effectiveness of CNC-based learning activities 
(Alves & Ferreira, 2024). 

The reviewed literature indicates that professional development programs play an 
essential role in addressing this challenge. Institutions that regularly provide industrial 
internships, technical certifications, and continuous training opportunities for instructors 
tend to achieve stronger learning outcomes. 

Moreover, the role of instructors has shifted significantly within CNC-based learning 
environments. Rather than functioning solely as knowledge transmitters, instructors 
increasingly act as facilitators, mentors, and learning designers who guide students through 
complex practical tasks and problem-solving activities. 

This shift aligns with contemporary vocational education paradigms emphasizing 
learner-centered approaches and competency development. 
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The literature reveals that curriculum alignment significantly influences the 
educational effectiveness of CNC implementation. Successful institutions generally 
integrate CNC learning across multiple courses rather than treating it as an isolated 
technical subject. 

Modern CNC curricula frequently incorporate: 
• Engineering drawing 
• CAD/CAM applications 
• Manufacturing processes 
• Production planning 
• Quality control 
• Industrial automation 
• Digital manufacturing systems 

Such integration enables students to develop a comprehensive understanding of 
manufacturing workflows while strengthening interdisciplinary competencies. 

Table 6. CNC competency domains identified in vocational curricula 

Competency Domain Learning Outcomes 

CNC Programming Creation and modification of machine codes 

Machine Operation Safe and effective machine utilization 

CAD/CAM Integration Digital design and manufacturing preparation 

Production Planning Process sequencing and optimization 

Quality Assurance Inspection and measurement techniques 

Problem Solving Diagnosis and correction of machining errors 

The reviewed studies indicate that competency-based curriculum models produce 
stronger student performance than traditional curriculum structures emphasizing 
theoretical content acquisition. 
 
Integration of CNC Simulation Technologies 

One of the most significant developments identified in recent literature is the growing 
use of CNC simulation technologies. Simulation systems allow students to practice 
programming and machining operations without direct access to physical machines. 
Recent studies indicate that simulation-based learning offers several educational 
advantages: 

1. Reduced operational risks. 
2. Lower material consumption. 
3. Increased opportunities for repeated practice. 
4. Enhanced conceptual understanding. 
5. Improved student confidence before machine operation. 

Simulation technologies have become increasingly sophisticated and now 
incorporate virtual reality (VR), augmented reality (AR), and digital twin technologies. 
According to Martínez et al. (2025), students utilizing immersive CNC simulation 
environments demonstrated significantly higher competency gains than students 
participating exclusively in conventional laboratory instruction. 

Table 7. Educational benefits of CNC simulation systems 

Benefit Description 

Safety Enhancement Elimination of machine-related risks 

Cost Efficiency Reduced material and maintenance costs 

Accessibility Practice opportunities beyond laboratory schedules 

Immediate Feedback Rapid identification of programming errors 

Learning Flexibility Self-paced skill development 

The findings suggest that simulation technologies should be viewed as 
complementary tools rather than replacements for physical laboratory experiences. 
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Teaching Factory and Industrial Collaboration 

The analysis revealed that teaching factory models represent one of the most effective 
approaches for integrating CNC technology into vocational education. Teaching factories 
create authentic production environments where students engage in real manufacturing 
activities under educational supervision. 

Through teaching factory implementation, students gain exposure to: 
• Production planning 
• Customer requirements 
• Product quality standards 
• Delivery schedules 
• Workplace communication 
• Team-based manufacturing activities 

These experiences strengthen both technical and non-technical competencies 
required by employers. 

Furthermore, strong industry collaboration was consistently associated with 
improved educational outcomes. Industry partnerships provide access to updated 
technologies, internship opportunities, curriculum consultation, and professional 
certification pathways. 

Institutions maintaining active industrial partnerships generally reported higher 
graduate employability rates and stronger alignment between educational outcomes and 
labor market needs. 
 
CNC Education in the Context of Industry 4.0 and Industry 5.0 

The reviewed literature indicates that CNC education is increasingly influenced by 
Industry 4.0 and emerging Industry 5.0 paradigms. 

Industry 4.0 emphasizes: 
• Automation 
• Cyber-physical systems 
• Data integration 
• Smart manufacturing 
• Industrial IoT 

Within this context, CNC machines are becoming increasingly interconnected with 
digital production systems. 

Industry 5.0 introduces additional priorities, including: 
• Human-centered technology 
• Sustainability 
• Human-machine collaboration 
• Resilient production systems 

As a result, vocational education institutions must prepare students not only to 
operate CNC equipment but also to understand broader manufacturing ecosystems. 

Table 8. Evolution of CNC competency requirements 

Industrial Era Required CNC Competencies 

Industry 3.0 Machine operation and programming 

Industry 4.0 Digital integration and automation 

Industry 5.0 Human-machine collaboration and sustainability 

The findings suggest that future CNC education must expand beyond operational 
skills and incorporate digital transformation competencies that support lifelong learning 
and workforce adaptability. 
 
Synthesis of Findings 

The overall analysis demonstrates that CNC technology functions as a catalyst for 
educational transformation within Mechanical Engineering Vocational Education Programs. 
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Effective implementation depends on the interaction of multiple factors, including 
infrastructure readiness, instructor competency, curriculum alignment, simulation 
technology utilization, and industry collaboration. 

The literature consistently indicates that institutions adopting integrated CNC 
learning models achieve stronger outcomes in terms of technical competence, employability 
skills, and workforce readiness. Conversely, institutions that focus solely on equipment 
acquisition without corresponding investments in pedagogy, curriculum development, and 
professional training often experience limited educational impact. 
Consequently, successful CNC implementation should be understood as a systemic 
educational innovation rather than merely a technological upgrade. Sustainable 
improvements require coordinated efforts among educational institutions, policymakers, 
industry partners, and instructors to ensure that vocational graduates possess 
competencies aligned with the evolving demands of advanced manufacturing industries. 

CONCLUSION 

The implementation of Computer Numerical Control (CNC) technology in practical 
learning within Mechanical Engineering Vocational Education Programs has become 
increasingly important in response to the rapid transformation of manufacturing industries. 
The findings of this study indicate that CNC technology serves not only as a technical 
learning tool but also as a strategic educational instrument for strengthening vocational 
students’ competencies in accordance with current industrial requirements. 

The analysis demonstrates that CNC-based learning contributes significantly to the 
development of technical proficiency, digital literacy, problem-solving ability, production 
management understanding, and workforce readiness. Through CNC programming, 
machine operation, CAD/CAM integration, and production simulation activities, students 
are provided with authentic learning experiences that closely resemble real industrial 
environments. Such experiences support the development of competency profiles 
demanded by Industry 4.0 and the emerging Industry 5.0 ecosystem. 

The study also reveals that the effectiveness of CNC implementation is strongly 
influenced by several interrelated factors. Infrastructure readiness, instructor competency, 
curriculum alignment, simulation technology utilization, and industry collaboration 
collectively determine the quality of CNC-based practical learning. Institutions that 
successfully integrate these elements tend to produce stronger educational outcomes and 
higher levels of graduate employability. 

Furthermore, the growing integration of virtual simulation, digital manufacturing 
systems, augmented reality, and teaching factory approaches has expanded opportunities 
for vocational institutions to enhance learning effectiveness while overcoming limitations 
related to equipment availability, operational costs, and safety concerns. The findings 
suggest that CNC simulation technologies should be strategically combined with physical 
laboratory experiences to maximize both conceptual understanding and practical 
competency development. 

Despite these opportunities, several challenges remain. Unequal access to modern 
CNC facilities, limited instructor exposure to emerging manufacturing technologies, and 
inconsistencies in curriculum modernization continue to hinder effective implementation 
in many vocational institutions. Addressing these challenges requires long-term 
investment, institutional commitment, and stronger partnerships between educational 
institutions and industrial stakeholders. 

Overall, CNC technology should be viewed as a central component of vocational 
education transformation rather than merely an instructional tool. Future vocational 
learning systems must embrace integrated technological, pedagogical, and industrial 
approaches to ensure that graduates possess the competencies necessary to thrive in 
increasingly digitalized manufacturing environments. 
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