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Abstract 
The rise of Industry 4.0, driven by the integration of technologies like automation, artificial intelligence (AI), 

robotics, big data, and the Internet of Things (IoT), has changed industries all over the world. This digital 

transformation requires a highly skilled workforce that can adapt to and thrive in a rapidly evolving, 

technology-driven environment. To meet this need, Higher Education 4.0 (HE 4.0) has emerged as an 

important approach to education. HE 4.0 uses digital technologies, personalized learning, and 

interdisciplinary methods to prepare students for the challenges of Industry 4.0. It helps students develop the 

technical skills, soft skills, and flexible thinking needed to succeed in today’s digital world. This paper 

explores how HE 4.0 can better prepare students for the demands of Industry 4.0 by aligning teaching 

methods with the needs of the workforce. It discusses strategies for implementing HE 4.0 in universities, 

including the use of innovative teaching practices, hands- on learning experiences, and interdisciplinary 

education. By adopting these approaches, HE 4.0 and Industry 4.0 can work together to ensure that 

graduates have the skills needed to succeed in the future economy, especially in fields like engineering. In the 

end, this alignment between education and industry can help create a workforce that is skilled, adaptable, 

and ready to lead the way in the Fourth Industrial Revolution. 
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Introduction 

India has the potential to be a global technology 

leader. The Indian economy has been growing at 

the rate of 9% per year. The Indian industry has 

also become globally competitive in several sectors 

and can increase its global market share. A critical 

factor in this will be the success of the technical 

education system in India. High-quality education 

is critical when it comes to increasing the 

professional competence, so that they are equipped 

to provide high standards. There are many issues 

that reflect the quality of higher education like 

accreditation, student intake, qualifications of 

teaching faculty, basic infrastructure etc. Quality 

assurance and accreditation in higher education is 

defined as systematic management and assessment 

of procedures adopted by higher education 

institution or system to monitor performance and to 

ensure achievement of quality improvement.  

Industry 4.0 is revolutionizing the way companies 

manufacture, improve and distribute their products. 

Manufacturers are integrating new technologies, 

including Internet of Things (IoT), cloud 

computing and analytics, and AI and machine 

learning into their production facilities and 

throughout their operations. These smart factories 

are equipped with advanced sensors, embedded 

software and robotics that collect and analyze data 

and allow for better decision making. Even higher 

value is created when data from production 

operations is combined with operational data from 

ERP, supply chain, customer service and other 

enterprise systems to create whole new levels of 

visibility and insight from previously siloed 

information. 

In the 21st century, technology started to infuse the 

educational process, and both students and teachers 

started the use of technology in education in 

fundamental ways that came to be known as 

Education 2.0. Technology advancements, 

particularly the wide adoption of a more user-

generated internet, led to the emergence of 

education 3.0. Now, Education 4.0, a learning 

approach associated with the fourth industrial 

revolution, aims to transform education in the 

future through cutting-edge technology and 

automation. This technological revolution includes 

cloud computing, cyber-physical interfaces, internet 

of things, big data, simulation methods, digital 

twins, robotics, additive manufacturing, artificial 

intelligence, and smart technology etc. 
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Many countries are now entering the stage of the 

Fourth Industrial Revolution, also referred to as 

Industry 4.0, in which technological advances 

enable disruptive changes in the industry. Industry 

4.0 development changes the way people work and 

the work is organized. Currently, there is a lack of 

qualified workers capable of undertaking the jobs 

of the Industry 4.0 and unfortunately many 

Engineering HEIs are still training students behind 

the Industry 4.0. The new industry 4.0 

developments have created requirement of new 

cross-functional roles on the emerging knowledge 

and skills combining information technology (IT) 

and production. Therefore, it is important to 

understand the characteristics of knowledge and 

skills required for the future of jobs and 

engineering profiles to determine the emerging 

patterns in the delivery of new education 

requirements of Industry 4.0.  

The higher education, particularly engineering 

education, tends to gain more prominence, given 

how profoundly the world of workforce structure is 

changing. The main questions arise are “How 

higher education should prepare students to succeed 

in an evolving global, information economy; What 

skills should be earned by the students by the time 

they graduate and; How can they best be equipped 

with those skills?”. 

To educate the future of workforce, much of the 

responsibility for better equipping young people for 

contemporary careers has fallen to higher 

education. We should aim to strengthen the position 

of the engineering profession as a competitive, 

cost-effective, highly respected and attractive 

option in the rapidly changing world of work. 

Several initiatives have been taken to constantly 

improve the quality of the technical education, to 

match the demand for engineers in the fast-growing 

technologies and industry.  

While the paradigm of engineering education has 

remained broadly the same for many years, changes 

have been happening in many aspects of programs. 

These changes include mandatory internships, 

industry-sponsored and industry-directed projects, 

mentorships, undergraduate research, on-line 

learning, flipped classrooms, and many others. But, 

the scalability and adoption of these types of 

changes need to be investigated.  It seems that the 

biggest challenge will be to develop a paradigm of 

engineering education that will deliver the desired 

outcomes at a scale that is needed. 

Higher Education 4.0 represents a paradigm shift 

from traditional, rigid educational models to 

dynamic, technology-enhanced approaches that 

prepare students for a rapidly changing, 

technology-driven world. This paper explores the 

key features, benefits, challenges, and strategies of 

Higher Education 4.0, highlighting its role in 

transforming learning for Industry 4.0. 

 

Related Literature  

The research on Industry 4.0 and its impact on 

engineering education addresses various aspects of 

how the integration of new technologies and digital 

transformation is reshaping the curriculum, 

teaching approaches, and the skills required for 

future engineers. 

The research work of Neaga (2019) deals with a 

holistic analysis of the impacts of Industry 4.0 for 

engineering education especially for university 

undergraduate, master and PhD related 

manufacturing, automotive engineering and supply 

chain management programmes in United Kingdom 

higher education institutions. The analysis aims at 

providing support for further consolidated 

recommendations to enable the development of 

higher education engineering curriculum for 

enhancing Industry 4.0 application for smart 

organisations and industrial companies within the 

digital supply chains. Also, the paper provides an 

analysis of advancement from digitalisation in 

engineering education to the implementation of 

Education 4.0 and related practices.  

Maisiri et al. (2019) investigated the Industry 4.0 

skills requirements. A systematic literature review 

has been performed to investigate Industry 4.0 

skills requirements in the engineering profession 

and the role of capability development in meeting 

Industry 4.0 requirements. An exploration of the 

impact of Industry 4.0 on technical institutions as 

opposed to academic institutions has been 

discussed. The research incorporates the 

exploratory investigation into detailed research on 

developing a skills development framework that 

seeks to bridge the gap between Industry 4.0 skills 

requirements and development.  

Leitão (2017) have stressed that the new generation 

of engineers in the area of Industry 4.0 needs to 

integrate multidisciplinary and cross-domain 

knowledge, focusing more on understanding the 

system of systems perspective than being an expert 

on a deeply topic domain of knowledge. New 

engineers, working in Industry 4.0 field, have to 

cope with new paradigms and concepts (e.g., 

modelling, simulation, semantics, interoperability 

and self-organization) and emergent technologies 

(e.g., IoT, Big data and advanced data analytics).  

Ekren and Kumar (2020) addressed about how the 

future of higher education should be towards 

Industry 4.0 developments for engineering 

faculties. The authors have presented the 

technological trends in education as well as how the 

universities are required to integrate the new, 

innovative and multidisciplinary approaches in 
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teaching and, how to stimulate entrepreneurial and 

digital skills in higher education, and boost 

curricula adjustments. 

Das (2020) have raised few hard questions, such as: 

Is the current system of engineering education 

appropriate for the current time? Are we behind our 

times by many decades? What should the new 

model of engineering education be? Should we 

have an Education 4.0 movement to go hand-in-

hand with Industry 4.0? What would Education 4.0 

look like? Naturally all of these are difficult 

questions to answer. The authors have explored 

these questions critically and in the context of 

engineering education and discussed pockets of 

efforts that are underway in different corners of the 

education landscape to address these critical 

questions. 

Moraes (2022) identified the uses of Industry 4.0 

technologies in the area of education and how they 

contribute to learning in addition to highlighting at 

what educational level they are used. It is 

concluded that the technologies of Industry 4.0 

support the entire learning process, but they are not 

used as much as they should. They are still largely 

restricted to universities and courses related to 

manufacturing. It is hoped that this work can 

contribute to the development of Education 4.0 at 

all stages of teaching. 

Hong and Ma (2020) advocated that traditional 

model of ‘bricks and mortar’ university education 

and curricula replete with lectures and 

examinations is increasingly being displaced by 

new models that are inherently more responsive to 

anywhere, anytime, any device digital learning. 

Engagement in digital transformation and 

innovation agendas to meet the needs of new 

generation students, communities and workplaces is 

apparent. Future focused institutions are pro-

actively engaged in shifting gears and mindsets to 

shape the future of education for this new world of 

work. Technology and innovation are the triggers to 

transform higher education to ensure more fit-for-

purpose outcomes in preparing students for the 

world of work and lifelong learning. Moreover, it is 

in the applied degree sector that is likely to prove 

most responsive in providing the leadership and 

new paradigm opportunities for students and 

industries in this regard 

Mogoş (2018) analysed the main technologies of 

Education 4.0, which plays an important role in 

sustaining Industry 4.0 and has a significant impact 

on reshaping the engineering education itself. The 

authors emphasised on encouraging the 

development and usage of intelligent educational 

infrastructure which is essential for implementing 

the Education 4.0 concept. 

Miranda (2021) described and mapped the practices 

according to the well-known periods of the four 

industrial revolutions and related to higher 

education. Likewise, four core components of 

Education 4.0 are used as a reference for the design 

of new projects in educational innovation are 

proposed.  Finally, three case studies applied to 

Engineering Education is illustrated demonstrating 

how the proposed components are considered in 

educational programs’ designs. 

The research conducted by various scholars 

highlights the transformative impact of Industry 4.0 

on engineering education, emphasizing the need for 

adaptation in both curricula and teaching practices 

to prepare students for the evolving demands of 

modern industries. The studies collectively stress 

the importance of integrating multidisciplinary 

knowledge, emerging technologies, and digital 

tools into engineering education. Key themes 

include the development of new frameworks for 

skills acquisition, the incorporation of Industry 4.0 

technologies in the learning process, and the shift 

towards more flexible, digital, and innovative 

learning environments.  

The findings underscore that the traditional 

engineering education model must evolve to meet 

the demands of the digital age. This includes 

fostering entrepreneurial and digital skills, as well 

as incorporating new teaching methodologies that 

support real-world applications and enhance 

students' readiness for Industry 4.0-driven 

challenges. Moreover, there is a growing consensus 

that the implementation of Education 4.0, 

characterized by intelligent infrastructure, 

collaborative learning, and continuous adaptation to 

technological advancements, is crucial for bridging 

the gap between current educational practices and 

future industry needs. 

The research further identifies the role of higher 

education institutions in driving digital 

transformation and preparing students for a rapidly 

changing workforce. While progress is evident, the 

full potential of Industry 4.0 technologies in 

education is yet to be realized, particularly outside 

specialized fields like manufacturing. As the field 

continues to evolve, the implementation of 

Education 4.0 principles at all educational levels 

will be critical to ensuring that engineering 

education remains relevant and effective in the face 

of ongoing technological advancements. The efforts 

highlighted in these studies provide valuable 

insights into the direction of engineering education 

and the future role of universities in shaping the 

workforce of tomorrow. 
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The Need for Higher Education 4.0 in India 

India must transit to Higher Education 4.0, a 

modern educational paradigm that aligns with the 

demands of Industry 4.0. Following are the 

underlying reasons: 

Bridging the Skills Gap:  Industry 4.0 demands a 

workforce equipped with advanced technical and 

soft skills. However, there is a significant mismatch 

between the skills taught in traditional higher 

education and those required by industries 

(Agarwal, 2006). Higher Education 4.0 focuses on 

competency-based learning, ensuring that graduates 

possess the skills needed for Industry 4.0, such as 

AI, IoT, data analytics, and problem-solving 

(Schwab, 2016). 

Promoting Innovation and Research: Higher 

Education 4.0 encourages research and innovation 

by integrating emerging technologies into the 

curriculum and fostering collaboration between 

academia and industry (Etzkowitz & Leydesdorff, 

2000). This is critical for India to become a global 

hub for innovation and technology development. 

Enhancing Employability: With a growing youth 

population, India faces the challenge of ensuring 

employability for its graduates. Higher Education 

4.0 aligns education with industry needs, improving 

job readiness and employability (Sharma & 

Sharma, 2020). 

Addressing the Digital Divide: India’s socio-

economic diversity has led to unequal access to 

education and technology. Higher Education 4.0 

leverages digital tools and online platforms to make 

education more accessible, especially in rural and 

remote areas (Singh & Thurman, 2019). 

Fostering Lifelong Learning: The rapid pace of 

technological change necessitates continuous skill 

development. Higher Education 4.0 promotes 

lifelong learning through flexible, modular, and 

online learning opportunities (Selwyn, 2016). 

Global Competitiveness and Demographic 

Dividend: India has one of the youngest 

populations in the world, with over 65% of its 

population below the age of 35. To harness this 

demographic dividend, the education system must 

equip students with Industry 4.0 skills. To compete 

in a globalized economy, India must align its 

education system with international standards and 

emerging trends. 

 

Key Characteristics of Education 4.0 in 

Engineering 

Education 4.0 is a response to the rapid 

technological advancements that are transforming 

the workforce. It introduces innovative pedagogical 

methods that leverage digital tools, immersive 

learning experiences, and collaborative platforms to 

better equip students for the future. Engineering 

education, traditionally known for its heavy 

emphasis on theoretical knowledge and rigid 

learning structures, must evolve to reflect the 

dynamic and interdisciplinary nature of modern 

industries. It leverages innovations in pedagogy, 

technology, and industry collaboration. Key 

characteristics of Education 4.0 in engineering 

include: 

Industry-Academia Collaboration 

- Strong partnerships between educational 

institutions and industry players, ensuring the 

curriculum aligns with real-world demands. 

- Practical exposure to real-world challenges 

through internships, co-op programs, and project-

based learning. 

Personalized Learning 

- Learners have more control over their 

educational paths, with tailored learning 

experiences that consider their interests, strengths, 

and learning paces. 

- AI and data analytics are used to create 

adaptive learning environments, allowing for 

customized lesson plans and assessments. 

Technology Integration 

- Extensive use of emerging technologies 

such as Artificial Intelligence (AI), the Internet of 

Things (IoT), Machine Learning (ML), Virtual 

Reality (VR), and Augmented Reality (AR) in both 

teaching and learning. 

- Smart classrooms and online platforms 

make learning more accessible and flexible. 

Emphasis on Soft Skills and Lifelong Learning 

- Focus on the development of critical 

thinking, problem-solving, creativity, collaboration, 

communication, and leadership. 

- Encouragement of continuous learning and 

upskilling, as engineers need to adapt to fast-

changing technologies throughout their careers. 

Global Learning Ecosystem 

- Education becomes more globalized, with 

students learning not only from their local 

environment but also from peers and experts 

around the world. 

- Cross-border collaborations through virtual 

classrooms, webinars, and global industry 

challenges. 

Project-Based and Experiential Learning 

- Students engage in real-world engineering 

projects, fostering deeper understanding through 

hands-on experience. 

- Emphasis on interdisciplinary projects that 

require students to solve complex problems using 

knowledge from various engineering fields. 

Data-Driven Decision Making 

- Use of data analytics to monitor student 

progress, optimize teaching methods, and make 

decisions regarding the curriculum. 
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- Data is used to understand how students 

learn and where interventions might be needed to 

ensure success. 

Interdisciplinary Approach 

- Engineering Education 4.0 emphasizes the 

integration of multiple disciplines, encouraging 

students to work across different fields (e.g., 

computer science, mechanical engineering, 

biotechnology). 

- This prepares graduates for challenges in 

complex, globalized industries that demand cross-

disciplinary knowledge. 

Global and Social Responsibility 

- Training future engineers to work on 

solutions that address societal challenges, such as 

sustainability, climate change, and ethical issues in 

engineering. 

- A focus on the role of engineers in shaping 

the future in a socially responsible and ethical 

manner. 

Autonomous and Self-directed Learning 

- Students are encouraged to be more self-

reliant, using online resources, platforms, and peer 

networks to further their understanding. 

- E-learning tools, MOOCs (Massive Open 

Online Courses), and open-source materials 

empower students to take charge of their learning 

journey. 

Automation and Robotics 

- Learning how automation, robotics, and AI 

are transforming manufacturing, design, and 

problem-solving in engineering. 

- Practical understanding of how machines 

and systems are integrated into engineering 

processes. 

Agile and Flexible Curriculum 

- Curricula are dynamic and can quickly 

adapt to emerging trends and technologies. 

- The learning environment is more flexible, 

offering modular and bite-sized courses that cater 

to different schedules and learning styles. 

These characteristics aim to create a more dynamic, 

adaptable, and practical learning experience that 

equips future engineers with the skills they need to 

thrive in a rapidly evolving technological 

landscape. By embracing these approaches, 

Education 4.0 helps students develop critical 

competencies such as creativity, adaptability, and 

technical proficiency—qualities essential for 

success in the Industry 4.0 landscape. 
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Challenges in Implementing Higher Education 

4.0 in India 
The concept of Higher Education 4.0 refers to the 

transformation of educational systems to align with 

the demands of Industry 4.0, characterized by the 

integration of advanced technologies, digital tools, 

and innovative teaching methods. In India, while 

there is immense potential for the adoption of 

Higher Education 4.0, the country faces several 

challenges in its implementation. The key 

challenges are as follows: 

Infrastructure and Technological Gaps: One of the 

primary challenges in implementing Higher 

Education 4.0 in India is the inadequate 

infrastructure, particularly in rural and semi-urban 

institutions. Many educational institutions still lack 

high-speed internet access, smart classrooms, and 

the technological tools necessary for delivering 

digital content and online learning. The lack of an 

integrated, high-quality digital infrastructure limits 

the ability of students and teachers to leverage new 

technologies like Artificial Intelligence (AI), 

Machine Learning (ML), and Big Data, which are 

crucial for Industry 4.0-based learning. 

Lack of Skilled Faculty: The adoption of Industry 

4.0 technologies requires educators who are not 

only skilled in advanced technological tools but 

also capable of integrating them into their teaching 

practices. In India, there is a shortage of faculty 

who are well-versed in cutting-edge fields like AI, 

IoT, blockchain, and data analytics. Continuous 

faculty development programs and training are 

essential to equip teachers with the skills needed to 

teach the new generation of technologies, but such 

programs are often limited or ineffective. 

Curriculum and Pedagogical Barriers: Indian higher 

education curricula have often been slow to adapt 

to technological advancements. Many universities 

still follow traditional models of teaching, with 

outdated textbooks and lecture-based instruction 

that fail to incorporate hands-on learning, project-

based approaches, and industry-specific skills. The 

curriculum needs to be more interdisciplinary and 

agile, allowing students to engage with emerging 

technologies and industry challenges. However, 

updating curricula across thousands of institutions 

is a complex task that requires coordination and 

support from both the government and academic 

bodies. 

Resistance to Change: The traditional mindset of 

educators, students, and administrative bodies often 

leads to resistance against adopting new 
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educational models. The shift from conventional 

teaching methods to more flexible, technology-

driven approaches can be met with reluctance, 

particularly in regions with limited exposure to 

digital education. Moreover, the transition to 

Industry 4.0-oriented education requires a cultural 

shift in how education is perceived, from 

knowledge delivery to fostering creativity, critical 

thinking, and collaborative problem-solving. 

Inequality in Access to Technology: A significant 

challenge in India is the disparity in access to 

digital technology across different regions and 

socio-economic groups. While urban institutions 

might have access to cutting-edge tools and 

technologies, students in rural areas or those from 

economically disadvantaged backgrounds often 

lack access to computers, internet connections, and 

even basic digital literacy skills. Bridging this 

digital divide is crucial to ensuring that the benefits 

of Higher Education 4.0 are accessible to all 

students, regardless of their geographic location or 

economic status. 

Industry-Academia Collaboration: To effectively 

implement Higher Education 4.0, universities need 

to collaborate closely with industries to align 

curricula with the real-time needs of the workforce. 

However, there is often a disconnect between the 

academic institutions and industry, leading to a 

mismatch between the skills imparted to students 

and those required by employers. Establishing 

stronger, more consistent collaborations between 

educational institutions and industry players is 

essential for creating relevant, industry-driven 

education models. 

Financial Constraints: The implementation of 

Higher Education 4.0 demands significant financial 

investment, which many Indian institutions cannot 

afford. Upgrading infrastructure, purchasing 

modern educational tools, providing faculty 

training, and developing digital content all require 

substantial funding. Government funding, corporate 

partnerships, and innovative funding models are 

necessary to support these changes, but budget 

constraints at both the national and institutional 

levels can limit progress. 

Quality Assurance and Accreditation: There is a 

need for robust systems of quality assurance and 

accreditation to ensure that Higher Education 4.0 

initiatives meet global standards. However, existing 

accreditation bodies in India often focus on 

traditional measures of academic quality, which 

may not fully capture the innovative, tech-driven 

components of Education 4.0. New frameworks for 

accreditation that take into account technological 

integration, interdisciplinary learning, and industry 

relevance will be necessary to support the 

widespread adoption of Industry 4.0-based 

education. 

Student Preparedness: Students entering higher 

education in India may not always possess the 

necessary digital literacy skills to fully engage with 

the demands of Education 4.0. Many students lack 

basic computational skills or familiarity with digital 

platforms, which can hinder their ability to take 

advantage of advanced learning tools and 

techniques. Introducing foundational digital literacy 

courses at the school level, as well as providing 

support for students transitioning into higher 

education, is essential to ensure they are ready for 

the challenges of Industry 4.0. 

Regulatory Challenges: The regulatory landscape in 

India is often slow to adapt to the rapid changes in 

the education sector. Policymaking needs to be 

agile and forward-thinking, taking into account the 

dynamic nature of technological advancements and 

the changing requirements of the workforce. There 

is a need for clear and consistent policies that 

encourage innovation in educational practices and 

technology adoption, as well as the creation of 

frameworks that facilitate the integration of 

Industry 4.0 principles. 

The implementation of Higher Education 4.0 in 

India presents numerous challenges, from 

infrastructural limitations and faculty shortages to 

curriculum rigidity and resistance to change. 

However, overcoming these challenges is crucial 

for equipping the next generation of engineers, 

scientists, and innovators with the skills needed to 

thrive in the digital age. Addressing the issues of 

access, industry collaboration, and digital literacy, 

while ensuring adequate funding and policy 

support, will be essential for India to successfully 

integrate Industry 4.0 into its higher education 

system. Through strategic efforts and collective 

commitment from the government, academia, and 

industry, India can realize the full potential of 

Higher Education 4.0. 

 

Skills Required for Engineering Graduates in 

the Era of Industry 4.0 

The Fourth Industrial Revolution, or Industry 4.0, is 

characterized by the integration of advanced 

technologies such as artificial intelligence (AI), the 

Internet of Things (IoT), robotics, big data 

analytics, and cyber-physical systems into 

manufacturing and other industries. This 

transformation has significantly altered the skill 

requirements for engineering graduates. To thrive 

in this era, engineers must possess a combination of 

technical, interdisciplinary, and soft skills. The 

essential skills required for engineering graduates 

in the era of Industry 4.0 are:  

Technical Skills:  



Vidyabharati International Interdisciplinary Research Journal                                                              ISSN 2319-4979 

 

International Conference on Entrepreneurship and Innovation  3rd and 4th April 2025                                                 23 

Technical skills form the foundation of an 

engineer's expertise. In the context of Industry 4.0, 

these skills must evolve to include proficiency in 

emerging technologies: 

 Artificial Intelligence and Machine 

Learning: Engineers must understand AI and ML 

algorithms to develop intelligent systems, automate 

processes, and analyze large datasets (Schwab, 

2016). 

 Internet of Things (IoT): Knowledge of IoT 

is essential for designing and managing 

interconnected devices and systems that collect and 

exchange data (Xu et al., 2018). 

 Big Data Analytics: Engineers need to 

analyze and interpret vast amounts of data to make 

informed decisions and optimize processes 

(Manyika et al., 2011). 

 Robotics and Automation: Proficiency in 

robotics is crucial for designing, programming, and 

maintaining automated systems used in 

manufacturing and other industries (Bahrin et al., 

2016). 

 Cybersecurity: With the increasing reliance 

on digital systems, engineers must understand 

cybersecurity principles to protect data and systems 

from cyber threats (Kshetri, 2014). 

 Additive Manufacturing (3D Printing): 

Knowledge of 3D printing technologies is essential 

for prototyping and manufacturing complex 

components (Ford & Despeisse, 2016). 

Interdisciplinary Skills: 

Industry 4.0 blurs the boundaries between 

traditional engineering disciplines, requiring 

engineers to work across fields: 

 Systems Thinking: Engineers must 

understand how different components of a system 

interact and influence one another, enabling them to 

design integrated solutions (Arnold & Wade, 2015). 

 Mechatronics: Combining mechanical, 

electrical, and computer engineering, mechatronics 

is critical for developing smart systems and 

products (Bishop, 2006). 

 Data Science and Analytics: Engineers 

need to collaborate with data scientists to extract 

insights from data and apply them to engineering 

problems (Davenport & Patil, 2012). 

 Sustainability and Green Engineering: With 

a growing focus on environmental impact, 

engineers must design energy-efficient and 

sustainable systems (Allenby, 2012). 

Soft Skills: 

Soft skills are increasingly important in the 

collaborative and dynamic environment of Industry 

4.0: 

 Critical Thinking and Problem-Solving: 

Engineers must analyze complex problems, 

evaluate alternatives, and develop innovative 

solutions (Facione, 2011). 

 Creativity and Innovation: The ability to 

think creatively is essential for developing new 

technologies and improving existing systems 

(Amabile, 1998). 

 Communication Skills: Engineers must 

effectively communicate technical information to 

diverse audiences, including non-technical 

stakeholders (Robles, 2012). 

 Teamwork and Collaboration: Industry 4.0 

projects often involve interdisciplinary teams, 

requiring engineers to work collaboratively 

(Johnson et al., 2014). 

 Adaptability and Lifelong Learning: The 

rapid pace of technological change necessitates a 

commitment to continuous learning and 

adaptability (Schwab, 2016). 

 Emotional Intelligence: Understanding and 

managing emotions is crucial for building strong 

relationships and navigating workplace dynamics 

(Goleman, 1995). 

Business and Management Skills: 

Engineers in Industry 4.0 must also understand the 

business context in which they operate: 

 Project Management: Skills in planning, 

executing, and managing projects are essential for 

delivering solutions on time and within budget 

(Kerzner, 2017). 

 Entrepreneurship: Engineers with 

entrepreneurial skills can identify opportunities, 

innovate, and bring new products to market 

(Hisrich et al., 2017). 

 Digital Literacy: Familiarity with digital 

tools and platforms is necessary for managing 

digital transformation initiatives (Eshet-Alkalai, 

2004). 

Ethical and Social Skills 

As technology becomes more pervasive, engineers 

must consider its ethical and societal implications: 

 Ethical Decision-Making: Engineers must 

navigate ethical dilemmas related to data privacy, 

automation, and the societal impact of technology 

(Martin & Schinzinger, 2005). 

 Cultural Competence: Understanding and 

respecting cultural differences is essential for 

working in global teams and markets (Deardorff, 

2006). 

The era of Industry 4.0 demands a new breed of 

engineers who are not only technically proficient 

but also interdisciplinary, adaptable, and socially 

aware. Engineering graduates must develop a 

diverse skill set that includes advanced technical 

knowledge, interdisciplinary expertise, soft skills, 

business acumen, and ethical considerations. By 

equipping themselves with these skills, engineers 

can effectively contribute to the innovations and 
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challenges of Industry 4.0 and ensure their 

relevance in a rapidly evolving industrial 

landscape. 

 

From Outcome-Based Engineering Education to 

Competency-Based Engineering Education in 

the Era of Industry 4.0 

The transition from Outcome-Based Education 

(OBE) to Competency-Based Education (CBE) in 

engineering is a critical shift in the era of Industry 

4.0. This transformation is driven by the need to 

align engineering education with the rapidly 

evolving demands of the industrial landscape, 

which is increasingly characterized by automation, 

digitalization, and interconnected systems.  

Outcome-Based Education (OBE) focuses on 

defining specific learning outcomes that students 

are expected to achieve by the end of a program. It 

emphasizes measurable skills, knowledge, and 

attitudes, ensuring that graduates meet predefined 

standards. OBE has been widely adopted in 

engineering education to ensure accountability and 

quality (Spady, 1994). However, in the context of 

Industry 4.0, OBE has certain limitations. OBE 

often follows a rigid structure, which may not adapt 

quickly to the fast-paced changes in technology and 

industry needs. OBE tends to prioritize theoretical 

knowledge over practical, hands-on competencies 

required in Industry 4.0. Further, OBE does not 

always account for individual learning paces or 

diverse career aspirations. 

Competency-Based Education (CBE) shifts the 

focus from predefined outcomes to the 

development of specific competencies, which 

include a combination of knowledge, skills, 

attitudes, and behaviors required to perform tasks 

effectively in real-world scenarios. In the context of 

Industry 4.0, CBE is better suited to prepare 

engineers for the dynamic and interdisciplinary 

nature of modern industries. CBE emphasizes 

hands-on learning, problem-solving, and the ability 

to apply knowledge in real-world contexts (Mulder 

et al., 2009). CBE allows students to progress at 

their own pace, focusing on mastering 

competencies rather than completing a fixed 

curriculum. CBE is designed to meet the specific 

skill requirements of Industry 4.0, such as 

proficiency in AI, IoT, robotics, and data analytics 

(Schwab, 2016). Further, CBE promotes continuous 

skill development, enabling engineers to adapt to 

technological advancements throughout their 

careers. 

There are numerous reasons to shift from Outcome-

Based Engineering Education (OBEE) to 

Competency-Based Engineering Education (CBEE) 

in the Era of Industry 4.0. Industry 4.0 demands 

engineers who are not only technically proficient 

but also adaptable and innovative. CBE fosters 

these qualities by focusing on real-world problem-

solving and critical thinking (Kagermann et al., 

2013). Industry 4.0 requires engineers to work 

across disciplines, integrating knowledge from 

fields like computer science, data analytics, and 

mechanical engineering. CBE encourages 

interdisciplinary learning and collaboration. 

Employers increasingly value competencies such as 

creativity, teamwork, and communication, which 

are central to CBE (Robles, 2012). CBE prepares 

engineers to compete in a globalized economy by 

equipping them with skills that are relevant across 

industries and geographies. 

Though, CBE offers many benefits over OBE, it 

has to face lot of challenges in transitioning to 

CBE. Shifting from OBE to CBE requires a 

complete overhaul of the curriculum, which can be 

time-consuming and resource-intensive. Educators 

need to be trained in competency-based teaching 

methods, which may differ significantly from 

traditional approaches. CBE requires innovative 

assessment tools to measure competencies, such as 

project-based evaluations and portfolios, which can 

be challenging to implement. Implementing CBE 

often requires investments in technology, labs, and 

industry partnerships to provide hands-on learning 

experiences. Both institutions and students may 

resist the shift due to familiarity with traditional 

OBE systems. 

The transition from Outcome-Based Education to 

Competency-Based Education is a necessary 

evolution in engineering education to meet the 

demands of Industry 4.0. While OBE has laid a 

strong foundation for quality assurance, CBE offers 

a more flexible, personalized, and industry-aligned 

approach. By focusing on competencies, 

engineering education can better prepare students 

for the challenges and opportunities of the Fourth 

Industrial Revolution. However, successful 

implementation requires addressing challenges 

related to curriculum design, faculty training, and 

infrastructure development. 

 

Strategies to Enhance Readiness of Engineering 

Graduates for Industry 4.0 
Industry 4.0, characterized by the integration of 

advanced technologies such as artificial intelligence 

(AI), the Internet of Things (IoT), robotics, big data 

analytics, and cyber-physical systems, has 

transformed the industrial landscape. To prepare 

engineering graduates for this new era, higher 

education institutions must adopt innovative 

strategies that align with the demands of Industry 

4.0. Some key strategies to enhance the readiness of 

engineering graduates: 

Curriculum Redesign: 
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 Incorporate Emerging Technologies: 

Update curricula to include courses on AI, IoT, 

robotics, data analytics, and cybersecurity, which 

are critical for Industry 4.0 (Kagermann et al., 

2013). 

 Interdisciplinary Approach: Encourage 

interdisciplinary learning by integrating concepts 

from computer science, data science, and 

mechanical engineering to reflect the 

interconnected nature of Industry 4.0 (Bahrin et al., 

2016). 

 Focus on Competency-Based Learning: 

Shift from traditional outcome-based education to 

competency-based education, emphasizing practical 

skills and real-world problem-solving (Mulder et 

al., 2009). 

Experiential Learning: 

 Project-Based Learning: Implement 

project-based learning to provide students with 

hands-on experience in solving real-world 

problems using Industry 4.0 technologies (Thomas, 

2000). 

 Internships and Co-op Programs: Partner 

with industries to offer internships and co-op 

programs, enabling students to gain practical 

experience and understand industry requirements 

(Kolb, 2014). 

 Virtual Labs and Simulations: Use virtual 

labs and simulation tools to create immersive 

learning environments where students can 

experiment with advanced technologies (Deterding 

et al., 2011). 

Industry-Academia Collaboration:  

 Industry Partnerships: Collaborate with 

industry leaders to develop curricula, provide guest 

lectures, and offer mentorship programs, ensuring 

that education aligns with industry needs (Agarwal, 

2006). 

 Research and Development: Encourage 

joint research projects between academia and 

industry to address real-world challenges and foster 

innovation (Etzkowitz & Leydesdorff, 2000). 

 Industry Advisory Boards: Establish 

advisory boards comprising industry experts to 

provide guidance on curriculum development and 

emerging trends (Bishop, 2006). 

Technology-Enabled Learning:  

 Digital Infrastructure: Invest in digital 

infrastructure, including high-speed internet, smart 

classrooms, and online learning platforms, to 

support technology-enabled education (Sharma & 

Sharma, 2020). 

 Adaptive Learning Platforms: Use adaptive 

learning platforms powered by AI to personalize 

learning experiences and address individual student 

needs (Luckin et al., 2016). 

 Massive Open Online Courses (MOOCs): 

Offer MOOCs on Industry 4.0 topics to provide 

flexible and accessible learning opportunities 

(Picciano, 2012). 

Soft Skills Development 

 Communication and Teamwork: 

Incorporate activities that enhance communication, 

teamwork, and collaboration skills, which are 

essential for working in interdisciplinary teams 

(Robles, 2012). 

 Critical Thinking and Problem-Solving: 

Design courses and projects that foster critical 

thinking and problem-solving abilities, preparing 

students to tackle complex challenges (Facione, 

2011). 

 Emotional Intelligence: Promote emotional 

intelligence through workshops and training 

programs to help students navigate workplace 

dynamics (Goleman, 1995). 

Lifelong Learning and Continuous Skill 

Development 

 Lifelong Learning Programs: Offer lifelong 

learning programs and certifications to help 

graduates stay updated with the latest technological 

advancements (Schwab, 2016). 

 Micro-Credentials and Badges: Provide 

micro-credentials and digital badges for specific 

skills, enabling students to showcase their 

competencies to employers (Finkelstein et al., 

2013). 

 Alumni Engagement: Engage alumni in 

continuous learning initiatives and professional 

development programs to foster a culture of 

lifelong learning (Altbach & Chitnis, 1993). 

Ethical and Social Responsibility:  

 Ethics in Technology: Include courses on 

ethics and social responsibility to ensure that 

graduates consider the ethical implications of their 

work (Martin & Schinzinger, 2005). 

 Sustainability: Emphasize sustainable 

engineering practices to address environmental 

challenges and promote responsible innovation 

(Allenby, 2012). 

Enhancing the readiness of engineering graduates 

for Industry 4.0 requires a comprehensive approach 

that integrates advanced technologies, experiential 

learning, industry collaboration, and soft skills 

development. By adopting these strategies, higher 

education institutions can equip students with the 

knowledge, skills, and mindset needed to thrive in 

the dynamic and technology-driven environment of 

Industry 4.0. This will not only benefit graduates 

but also contribute to the growth and innovation of 

industries worldwide. 
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Conclusion 

Higher Education 4.0 plays a crucial role in 

transforming engineering education to meet the 

demands of Industry 4.0. As technological 

advancements continue to reshape industries, it is 

essential to equip students with the necessary skills 

and knowledge for the emerging workforce. 

Despite ongoing efforts to modernize education, 

challenges such as infrastructure gaps, faculty 

training, and outdated curricula remain. However, 

embracing technology-enhanced learning models, 

including online education, internships, and 

industry collaborations, can bridge these gaps. The 

successful implementation of Higher Education 4.0 

will be key to preparing future engineers for a 

rapidly evolving, technology-driven world, 

ensuring their competitiveness in the global 

economy. 

The research underscores the transformative impact 

of Industry 4.0 on engineering education, 

highlighting the need to adapt curricula and 

teaching methods to prepare students for the 

demands of modern industries. Key focus areas 

include integrating multidisciplinary knowledge, 

emerging technologies, digital tools, and fostering 

entrepreneurial and digital skills. The shift toward 

Education 4.0, characterized by intelligent 

infrastructure and innovative teaching methods, is 

essential for bridging the gap between current 

educational practices and the evolving needs of the 

industry. While progress is being made, there is still 

untapped potential for Industry 4.0 technologies in 

education, especially beyond the manufacturing 

sector. Continued adaptation and the 

implementation of Education 4.0 principles are 

vital for ensuring engineering education remains 

relevant and effectively prepares students for the 

future workforce. 

In India, the implementation of Higher Education 

4.0 offers great potential for aligning education 

with Industry 4.0. However, significant challenges 

such as infrastructural gaps, faculty shortages, 

outdated curricula, resistance to change, and 

unequal access to technology need to be addressed. 

Overcoming these barriers will require strategic 

investments in technology, faculty development, 

industry-academia collaboration, and policy reform. 

Additionally, bridging the digital divide and 

promoting digital literacy are essential to ensure 

that all students, regardless of background, can 

benefit from the advancements of Education 4.0. 

With efforts from the government, academic 

institutions, and industry, India can successfully 

transition to a higher education system that 

prepares students for the future workforce and 

fosters innovation in the digital age. 

Industry 4.0 demands that engineering graduates 

possess a diverse skill set that combines advanced 

technical expertise, interdisciplinary knowledge, 

soft skills, and business acumen. Engineers must be 

proficient in emerging technologies such as AI, 

IoT, and robotics, while also embracing systems 

thinking, creativity, and effective communication. 

The ability to adapt, collaborate, and address 

ethical challenges is equally important. By 

cultivating these competencies, engineering 

graduates can stay relevant and contribute 

meaningfully to technological innovations and 

societal transformations driven by Industry 4.0. 

The shift from Outcome-Based Education (OBE) to 

Competency-Based Education (CBE) is a critical 

step in aligning engineering education with the 

dynamic needs of Industry 4.0. While OBE has 

provided a solid foundation for quality assurance, 

CBE offers a more flexible, hands-on approach that 

emphasizes real-world problem-solving, 

interdisciplinary learning, and continuous skill 

development. This transition is essential for 

preparing engineers to excel in a rapidly evolving 

industrial landscape. However, successful 

implementation of CBE will require addressing 

challenges related to curriculum redesign, faculty 

training, and infrastructure development. 

Preparing engineering graduates for Industry 4.0 

requires a comprehensive approach that integrates 

emerging technologies, experiential learning, 

industry collaboration, and soft skills development. 

By redesigning curricula, fostering hands-on 

learning opportunities, and promoting lifelong 

learning, higher education institutions can equip 

students with the competencies needed to thrive in 

a technology-driven industrial environment. This 

holistic strategy will not only enhance graduate 

readiness but also stimulate innovation and growth 

across industries worldwide. 
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