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Abstract— The transformation of manufacturing industries 

under Industry 4.0 has significantly changed the competency 

requirements for CNC machine tool service professionals. Modern 

industries require technicians and engineers capable of handling 

automation systems, Industrial Internet of Things (IIoT), 

predictive maintenance, industrial robotics, and digital 

manufacturing systems. However, traditional technical education 

systems continue to focus primarily on theoretical learning with 

limited practical industrial exposure. This study proposes an 

employability-focused learning framework integrating technical 

skills, digital competencies, practical training, industrial 

collaboration, and government-supported skill development 

initiatives. The framework emphasizes collaboration among 

educational institutions, industries, state governments, and 

central government organizations for improving workforce 

readiness. The proposed model includes competency-based 

curriculum design, internships, AR/VR-assisted learning, IoT-

enabled laboratories, modular certification systems, and 

apprenticeship programs. The study concludes that collaborative 

ecosystem-based skill development can significantly improve 

employability, productivity, and workforce adaptability within 

Industry 4.0 manufacturing environments. 

Keywords— Industry 4.0, CNC machine tools, employability, skill 

development, vocational training, predictive maintenance, smart 
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I. INTRODUCTION 

Industry 4.0 has introduced major technological 

advancements into manufacturing systems through automation, 

cyber-physical systems, cloud computing, Industrial Internet of 

Things (IIoT), robotics, and artificial intelligence. CNC 
machine tools have evolved into smart manufacturing systems 

capable of real-time communication, predictive diagnostics, 

and intelligent automation. 

Modern manufacturing industries increasingly demand 

technicians and engineers who possess multidisciplinary 

competencies involving machine maintenance, automation 

systems, predictive maintenance, digital diagnostics, and 

industrial networking. However, technical institutions continue 

to face challenges in producing industry-ready professionals 

due to limited practical exposure and insufficient integration of 

digital technologies into conventional curriculum structures. 

India’s growing manufacturing sector requires stronger 

collaboration between educational institutions, industries, state 

governments, and central government agencies to create a 

sustainable skill development ecosystem. This study proposes 

a collaborative employability-focused learning framework 

designed specifically for CNC machine tool service 
professionals in Industry 4.0 environments. 

 

II. LITERATURE REVIEW 

Existing studies indicate that Industry 4.0 technologies are 

significantly transforming maintenance and manufacturing 

systems worldwide. Predictive maintenance, digital twins, IoT-

enabled diagnostics, and industrial automation are increasingly 

becoming essential competencies for modern CNC machine 

tool service professionals. 

Germany’s dual vocational training system and Singapore’s 

SkillsFuture initiative are recognized globally for integrating 

industry participation into technical education systems. These 

models emphasize practical industrial exposure, apprenticeship 
programs, competency-based learning, and lifelong skill 

development. 

Several researchers also highlight the importance of industry-

academia collaboration in improving workforce readiness. 

Government-supported initiatives such as Skill India, NSDC, 

DGT, and sector skill councils play a critical role in promoting 

employability-oriented technical education and workforce 

development. 

III. RESEARCH METHODOLOGY 

 

The study adopted a mixed-method research approach 

combining quantitative and qualitative techniques. Data 

collection involved surveys from 120 respondents including 

technicians, engineers, trainers, maintenance professionals, and 
industrial supervisors. Interviews with 15 industry experts were 

conducted to identify major competency gaps and workforce 

requirements. 

https://www.gyanvihar.org/researchjournals/eco_mang_jour.php


 
 

8 | P a g e                   C o r r e s p o n d e n c e  t o -  M a t h u  K u p p u s w a m y  
 

Available online at https://www.gyanvihar.org/researchjournals/ctm_journals.php 

Suresh Gyan Vihar University International Journal of Economics and 

Management 

E-ISSN: 2455-7528 

Vol.14 Issue 1 Page No 7-9 

August 2026 
 

 

 

 

The collected data were analyzed using 

descriptive statistics, percentage analysis, competency 

mapping, and correlation analysis methods. The research 

focused on identifying practical, technical, and digital skill 

deficiencies affecting employability among CNC machine tool 

service professionals. 

IV. RESULTS AND ANALYSIS 

The analysis identified major employability challenges 

among technical graduates entering CNC machine tool service 

industries. Approximately 72% of respondents reported weak 

troubleshooting capabilities, while 68% indicated insufficient 

practical industrial exposure. Around 60% highlighted 

inadequate digital competencies involving automation, 

predictive maintenance, and IoT systems. 

Industry experts emphasized that modern technicians and 

engineers must possess competencies in PLC programming, 

industrial automation, sensor technologies, predictive 

analytics, digital documentation, and smart manufacturing 

systems. The findings also revealed a strong relationship 

between industrial internships and workforce readiness. 

V. COLLABORATIVE EMPLOYABILITY-FOCUSED 
LEARNING FRAMEWORK 

The proposed framework integrates technical competencies, 

digital manufacturing skills, practical training, and institutional 

collaboration into a competency-based educational ecosystem. 

A. Technical Skills 

• Technical Skills: CNC operation, machine maintenance, 

troubleshooting, electrical systems, PLC integration, and 

automation. 

B. Digital Skills 

• Digital Skills: IoT systems, predictive maintenance 

analytics, digital twins, cloud-based monitoring, and 

industrial networking. 

C. Soft Skills 

• Soft Skills: Communication, teamwork, adaptability, 

documentation, leadership, and problem-solving. 

The framework further integrates industrial internships, 

AR/VR-based simulations, project-based learning, and 

modular certification systems to improve workforce 

adaptability and employability. 

VI. COLLABORATION MODEL FOR SKILL 
DEVELOPMENT 

A strong collaborative ecosystem among educational 

institutions, industries, state governments, and central 
government organizations is essential for developing Industry 

4.0-ready technicians and engineers. 

A. Educational Institutions 

• Develop competency-based curriculum aligned with 

Industry 4.0 technologies. 

• Establish smart manufacturing laboratories and CNC 
simulation centers. 

• Promote project-based learning and industrial internships. 

• Introduce short-term certification and micro-credential 
programs. 

B. Industries 

• Provide apprenticeship opportunities and industrial 

internships. 

• Participate in curriculum design and practical assessment. 

• Establish industry-supported Centers of Excellence. 
• Support faculty training and industrial exposure programs. 

C. State Governments 

• Establish state-level advanced manufacturing skill centers. 

• Provide infrastructure support and funding assistance. 

• Promote industry-academia collaboration through policy 

initiatives. 
• Support regional apprenticeship and technical upskilling 

programs. 

 

D. Central Government Organizations 

• Strengthen Skill India Mission and NSDC initiatives. 

• Expand DGT and NSTI programs related to Industry 4.0. 

• Promote national-level smart manufacturing laboratories. 

• Provide financial support for Industry 4.0 skill development 

programs. 

• Align technical education with National Education Policy 

(NEP) and NSQF standards. 

VII. COURSE STRUCTURE AND PRACTICAL 
TRAINING MODEL 

The proposed training model combines classroom 

instruction, practical laboratory work, industrial internships, 

and apprenticeship-based learning. 

A. Suggested Course Components 

• CNC Machine Fundamentals 

• CNC Programming and CAM Systems 

• PLC and Industrial Automation 

• IoT and Smart Manufacturing 

• Predictive Maintenance Techniques 

• Industrial Robotics and Sensors 

• Digital Twin Applications 

• AR/VR-based Maintenance Training 

• Industrial Safety and Lean Manufacturing 

B. Practical Training Components 

• Live CNC machine maintenance labs 

• Automation panel troubleshooting 

• IoT sensor integration projects 

• Industry-based capstone projects 

• 3–6 month industrial internships 

• Apprenticeship programs with manufacturing industries 

The curriculum should allocate at least 60% weightage to 

practical and industrial training activities. 

VIII. DISCUSSION 

https://www.gyanvihar.org/researchjournals/eco_mang_jour.php
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The study demonstrates that employability within 

CNC machine tool service sectors strongly depends on practical 

industrial exposure and digital competency development. 

Traditional education systems must evolve toward 

competency-based and industry-aligned learning systems. 

The proposed framework supports workforce readiness by 

integrating technical training with Industry 4.0 technologies, 

apprenticeship programs, industrial collaboration, and 

government-supported skill development initiatives. 

Collaboration among institutions, industries, and government 
agencies can create a sustainable ecosystem for continuous 

workforce development. 

IX. CONCLUSION 

Industry 4.0 has fundamentally transformed manufacturing 

systems and workforce competency requirements. Educational 

institutions alone cannot address the growing skill demands of 

modern industries. Strong collaboration among educational 

institutions, industries, state governments, and central 

government organizations is essential for building a future-

ready technical workforce. 

This study proposes a comprehensive employability-focused 
learning framework integrating technical competencies, digital 

manufacturing skills, practical industrial exposure, 

government-supported initiatives, and industry collaboration. 

The framework can significantly improve employability 

outcomes, workforce productivity, and industrial 

competitiveness within smart manufacturing environments. 
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