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Abstract

Industry 5.0 represents a parad gcused approach of Industry 4.0
to a human-focused mod gent machines and human
operators is of primary an extensive analysis of
how ready India is to he existing educational
reforms in India, skil that will be necessary
to prepare students to ite the country making
major progress with 2020 and a slew of
skills-development initia terms of infrastructure,
faculty training, and the ¢ demic institutions and the
industry. As 93 % of India ment Industry 5.0 to ensure

sustainability and revenue growth, and dustry 5.0 market is expected to reach
USD 673.18 billion by 2032, it is critical to accelerate the transformation of Indian education
to leverage the demographic dividend. Through a combination of theoretical, demographic,
policy and technological insights, the paper provides a future-oriented evaluation of the
preparation of India to Industry 5.0, including specific curriculum, pedagogical, and

institutional capacity reforms through policy analysis, example cases, and skills-gap analysis.

Keywords: Industry 5.0, Educational Reform, Skill Development, Human-Machine

Collaboration.

1. Introduction
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Industry 5.0 represents a paradigm shift in the manufacturing and industrial system,
dramatically changing the human-technology interface at the paradigm level [1, 6]. Unlike
the previous Industry 4.0 that emphasized automation and productivity, Industry 5.0 lays
focus on human-machine partnerships, sustainability, and individuality [7, 8]. Such a
transitional framework requires the development of industrial workforces that consider
interdisciplinary skills, emotional intelligence, and the ability to symbiotically interact with

the new technologies of artificial intelligence, robotics, and the Internet of Things [6, 9].
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Considering the strong demographic dividend and growing industrial base in India,
the country has a particularly urgent need to prepare its future workforce to undergo a major
shift. The population of the working age group (15-64 years) has surpassed the dependent
population since 2018 and the estimates indicate that more than 800 million people will form
the labour force by 2030[10]. To recognize this demographic advantage, however, requires
thorough educational reforms and skills development programmes that align with the
Industry 5.0 needs [12,11].

The NEP 2020 will be the most ambitious attempt of India to reimagine its education
system, with a focus on multidisciplinary learning, digital literacy, and experiential learning
[3,13]. At the same time, programs like the Pradhan Mantri Kaushal Vikas Yojana (PMKVY)

and the Atal Innovation Mission have been initiated to reduce the existing skills gap and
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foster innovation among students [4,14]. Despite these efforts, there is still substantial room
to improve in areas of implementation, expansion of infrastructure, and the more general

industry-academia cooperation [15,16].

India Pop % by Age Group
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FIG 1: CONCEPTUAL FRAMEWORK FOR INDIA’S EDUCATIONAL
TRANSFORMATION TOWARD INDUSTRY 5.0

2. Understanding Industry 5.0: The Human-Centric Revolution

The current research employs the socio-technical system theory, which emphasizes
interdependence between people and technology in complex environments. This conceptual
framework explains that Industry 5.0 must be viewed as a human-technology symbiosis
instead of a purely technological evolution. Industry 5.0 proponents promote human-machine
collaboration, which involves overcoming the automation-driven approach of Industry 4.0 [6,

17]. Three principles that characterize the paradigm are human-centricity, sustainability, and

The Industry 5 1 OWE tial at the global level, with a
projected industry size © ' 02 ted value of USD 673.18
billion by 2032, rep 15.63 % [5]. This
exponential growth 1 demand to receive
personalized products, c Suste " . plement state-of-the-art
technologies, including collaborative C ficial mtelligence, and digital twins
[5][6].

The implementation of Industiy 5.0 has" gain d Significant traction within the Indian
context, in the manufacturing industries. According to a detailed survey conducted by PwC,
93 percent of Indian manufacturers are adopting Industry 5.0 to achieve sustainable
operations and generate 2-3x profitable growth over the next three to five years. The report
also shows that more than 50 percent of manufacturers are increasingly investing in
renewable energy, energy-efficient practices, and digital technologies to scale up operations
[11[8].

A human-machine collaboration is one of the core aspects of Industry 5.0 and can be
illustrated through a range of case studies across industries. One example is Ford, which has
managed to implement collaborative robots in its production lines and has achieved a 50
percent increase in manufacturing efficiency and also allowed human workers to focus on

more intricate assembly and quality control work. Similarly, BMW has introduced augmented
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reality systems to support employees in intricate assembly, resulting in a 20 % decrease in

assembly time and in the quality of the products produced [9].

3. India's Demographic Advantage and Workforce Characteristics

The demographic landscape of India presents a unique context of the future spread of
Industry 5.0. This demographic trend has created a favourable age structure; in 2024, 62 % of
the population will fall within the working-age bracket (15-59 years), compared to 48 % in
2011[10]. It has been estimated that this demographic dividend will peak around the year
2041, when the proportion of the population that is in the working age will be 59 % [10].

India has a unique demographic asset, with a longevity of five decades covering 2005

06 to 2055 56- much longer than the same period in any other country [10]. In this long-term

make the process of
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These difficulties are’ce 'Eﬁ T 1}* position. Nearly 82 % of
workers hold jobs that are unde employ yed, h hig -" s the importance of implementing
"sssanes®

holistic measures that incorporate structural*labour-market rigidities [12]. Moreover, the
current low rate of women accessing the labour market, 37 % in 2023, against 19.7 % in
2011[10][11], underscores the urgency of gender-sensitive educational programs in STEM
fields, alongside mentorship and incentive programs to target female students who choose
technical careers.

All of these indicators verify the necessity of strong educational reform and
continuum-wide skill-building to prepare the Indian workforce to meet the requirements of

Industry 5.0.

4. Current State of Skill Development in India

The last 10 years have witnessed a significant change in the skill development

scenario in India. To overcome the skill gap, a variety of government schemes have been
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launched, with the most obvious one being Pradhan Mantri Kaushal Vikas Yojana (PMKVY),
which was unveiled in 2015 and became the core flagship program on skill development,
expecting to educate millions of young people in different fields.

The PMKVY data review demonstrates both a success and a challenge record.
Throughout four subsequent stages of program implementation, enrollment, training, and

certification levels have fluctuated. Attrition is seen at each step, and placement is a major
hurdle.
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The statistics of post training placement rates during the consecutive stages of the
Pradhan Mantri Kaushal Vikas Yojana (PMKVY) support the persistent challenge of
converting skills development into job-related results. In the initial cycle (PMKVY 1.0), the
placement rate was 18.4 % which was marginally increased to 23.4 % in the second cycle
(PMKVY 2.0) and 28 % in the third cycle (PMKVY 3.0). The latest scheme, PMKVY 4.0,
has abandoned the reporting of placement data, further complicating any evaluation of its
success in creating employment.

Simultaneously, there is a significant change in the dynamics of training modalities.
The number of formal, institution based vocational programmes has increased only slightly,

1.8 % in 2017 to 4.1 % in 2023. In comparison, hereditary, self-learning, and on-the-job
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modalities have shown a staggering rise: hereditary training increased by 7.15 percentage
points to 11.6 % between these two periods, self- learning increased by 5.43 percentage

points to 7.1 %, and on-the-job increased by 7.26 percentage points to 9.3 %.

TABLE 1: COMPARATIVE ANALYSIS OF TRAINING TYPES IN INDIA (2017-18

VS 2022-23)
Training Type 2017-18 2022-23 Change
(%) (%) (%)
Formal Training 1.8 4.1 2.3
Hereditary (Non-Formal) 1.45 11.6 10.15
Self-Learning 1.67 7.1 5.43
On-the-Job 2.04 9.3 7.26
No Training 92.59 65.3 -27.29
Source:
https://idronline.org/article/livelihoods at-in-india-the-facts-behind-the-figure
s/?

The statistics pre cant change in the share
of pathways to skills ing (RPL) has become
one of the key dete the extent of training
[16].

.
. ™
"raansen®®

foundational and higher education +3+3+4 system which replaces the
conventional 10+2 system, focusing on holistic development and multidisciplinary learning
and integration of skills at an early age.

Implementation of the NEP 2020 has been marked by a number of accomplishments.
The PM SHRI (PM Schools for Rising India) scheme has identified 6448 schools to be
upgraded, and the first instalment of Rs. 630.11 crore has already been released to 6207
schools in 27 states and union territories. The Samagra Shiksha Scheme has been thoroughly
synchronized with the NEP 2020 recommendations, and its financial outlay is Rs.

2,94,283.04 crore.
TABLE 2: KEY ACHIEVEMENTS UNDER NEP 2020 INITIATIVES

NEP 2020 Initiative Achievement | Unit Status
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PM SHRI Schools 6,448 Schools Selected | Ongoing

ATL Labs 10,000+ Labs Established | Achieved
Digital Literacy Beneficiaries | 742 Lakh Beneficiaries | Achieved
Samagra Shiksha Budget 2,94,283 Crore Rupees Allocated

Source: https://www.pib.gov.in/PressReleasePage.aspx?PRID=1988845

The NEP 2020 digital literacy framework has shown significant progress with the
National Digital Literacy Mission enrolling over 7.42 crore beneficiaries to date in the
2023-24 fiscal year, up by around six times the initial enrolment of 1.18 crore in 2017-18[20].
Similarly, the overall number of certified participants has increased since it was 0.65 crore in

2017-18 and is now 4.83 crore in 2023-24, which proves the successfulness of the

the instructional modg i e ogy-intes odels requires a lot of

capacity building and 1

Foundational Preparatory Middle Secondary
(5 years) (3 years) (3 years) (4 years)
Ages 3-8 Ages 8-11 Ages 11-14 Ages 14-18

Skill integration

begins

FIG 2: STRUCTURAL SHIFT IN INDIAN EDUCATION UNDER NEP 2020

6. Atal Innovation Mission: Fostering Innovation Culture

Atal Innovation Mission (AIM), initiated by NITI Aayog, has become a crucial tool in
developing an innovation- and entrepreneurship-driven mindset among students [14][19]. The

intervention by AIM is structured around a number of programmatic elements, with the most
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notable of these being the Atal Tinkering Labs (ATLs) program, which seeks to promote
school-based innovation [14][21].

The scale of ATL has been significant, with over 10,000 labs having been set up in 35
states and union territories, thus covering 722 districts [14][19]. These centers serve more
than a million students with an emphasis on practice-based Science, Technology, Engineering,
and Mathematics (STEM) education [14]. Additionally, AIM has a strong sense of inclusivity;
96% of ATLs are located in government or government-aided schools and 96% operate in
girls-only or co-ed schools [14].

The ATL framework embraces a four-level tinkering continuum, which guides
learners through the process of generating ideas to prototyping [19]. Such continuum is

characterized by design thinking and ideation on preliminary problem exploration, concept

similarly equipped with
and computers thus supp

In addition to t
empower the startup

national problems, an

innovation projects; students thav T * i" m as diverse as healthcare,
agriculture, and environmen @wH :a\‘"

. . ‘- "‘il-t-i""
7. Industry-Academia Collaboration:"Br 2 Gap

The importance of industry-academia collaboration has become a central tenet in the
preparation of future graduates to serve the needs of the Industry 5.0. Such collaborations in
India have seen a significant acceleration in the past decade, which has been driven by
government programs, emerging industrial needs and high-paced technological advancement.
Industry-academia partnerships have been supported heavily by the government. In the
2022-23 fiscal year alone, about Rs. 500 crore was approved by the Department of Science
and Technology as matched funds to support joint academic-industry research projects. As a
result of these budgetary provisions, more than 100 of these new products and technologies
have been developed in India over the past three years.

The collaborative models vary both in number and quality across institutions and

sectors. These are exemplified by the industry-integrated curriculums like AKTU Credit

International Journal of Humanities Management and Engineering Volume 1 Issue 1



Transglobal Research Journal Volume 1 Issue 1 September

Accumulation System (CAS), and the consortia like the RVCE and BMS with different
industries. The aim of these arrangements is to match academic curriculum with industry
demands, provide students with industry-related exposure and transfer knowledge between
academia and industry.

Successful examples of human and machine collaboration in industrial settings
present valuable insights on how to prepare educationally. A good example is DHL, which
has introduced automated guided vehicles in warehouses, leaving humans to focus on more
complicated tasks like inventory control and customer service, a move that has yielded a 30
percent decrease in operational expenses. Such case studies can be analyzed to inform
curriculum development and allow students to understand the practical use of the principles

of Industry 5.0.

annual growth rate of ] ¥ ; billion and a projected

growth to USD 33.2 b 24]. Thi _ ed by the replacement of

traditional teaching me s [24]

The digitalizatic penetration of digital
educational tools increas EdTech companies have
seen significant growth; BY 150 million as of 2023 as

compared to 45 million in 2019[2 ike Unacademy and Vedantu have shown

‘.al".-‘---.
exponential growth over this time period
Adoption trends reflect significant urban-rural gaps: 90 % of urban students took
advantage of digital learning tools during the pandemic, and 40 % in rural settings [25].
Sixty-five percent of higher education institutions in India have adopted Learning
Management Systems (LMS) such as Google Classroom and Microsoft Teams [25].

Other major factors contributing to the adoption of EdTech are the government policy
like National Education Policy (NEP) 2020, and the Digital India Initiative, and economic
considerations like affordability and accessibility. Growth has been supported by
technological advances as well, such as Al-based learning systems and virtual laboratories
[25]. Technical skills have also been developed in a massive way among the students:

NASSCOM reported that 70 % of the Indian students enrolled in the online courses develop

good technical competencies [25].
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Global Context:

Within analytical discussions regarding the preparation of workforces, the
dual-vocational systems embraced by Germany and Japan, and their strong
university-industry connections are noted as examples to be considered. The transition of
Germany to Industrie 5.0, which has been promoted by human-centred digital
apprenticeships, covering cognitive, emotional, and physical aspects of competence-building,

is particularly notable.

TABLE 3: COMPARATIVE READINESS FOR INDUSTRY 5.0 (INDIA VS GLOBAL

LEADERS)
a0
Country Vocational Digital Industry-Academ Industry 5.0
Integration (%) Literacy ia Link Score Implementation

Rate (%) (1-5) Rate
Germany 80% 94% 4.5 High
Japan 72% 96% 4.7 Medium-High
South 70% 98% 4.8 High
Korea
India 3% 61% 28 Emerging

Source:

https://digital-skills-jo dnal-strategies/germany

-digital-strategy-2025?

The concept of Industry 5.0 requires a combined skill set that combines technological
expertise and a heavy emphasis on human-centric service delivery. These skills can be
grouped into five major categories: technical and digital expertise, cognitive and
problem-solving abilities, the soft skills and emotional capabilities, entrepreneurship and
innovation, and the lifelong learning skills.

Technical and digital skills include skills in artificial intelligence/machine learning,
data analytics, the Internet of Things, cybersecurity, and cloud computing. The Indian market
is in particular need of Al-related skills: 42 percent of generative Al jobs necessitate
machine-learning skills, and 40 percent necessitate Python programming expertise. They are

also accompanied by artificial-intelligence core skills (36 %), natural-language processing

(20 %), TensorFlow (19 %), and data science (17 %) as the other in-demand technical skills.
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TABLE 4: TOP IN-DEMAND AI SKILLS AND JOB REQUIREMENTS

Al Skills in Demand Percentage of Jobs Requiring
Machine Learning 42%
Python 40%
Al Core Skills 36%
Communication Skills 23%
Natural Language Processing | 20%
TensorFlow 19%
Data Science 17%

Source:
https://www.businessinsider.com/new-job-build-ai-skills-help-change-roles-employers-hiring

-2025-1?

Cognitive/problem-solving ability includes creative problem solving, critical thinking,

and complex reasoning skills, w e interaction with Al systems and
to decision making in hun ents [2][6]. Although the
abilities to interpret the Q nd make ethical decisions
remain uniquely human, 't : WO )i ‘ ;. empathy, and flexibility,

1 in Industry 5.0[2][6].

These qualities enable/pe > interacti / ] hines and are essential in

CORE SKILL PILLAR FOR
INDUSTRY 5.0

Cognitive Skills
Critical Thinking
Problem Solving
Decision-Making

Lifelong Learning Digital
Continuous Fluency
Upskilling INDUSTRY 5.0 Al
Learning CORE SKILLS Data Literacy
Agility Human-cen tric innovation Automation
with smart tech
Innovation Innovation
Mindset Mindset
Entrepreneurshiph Entrepreneurship
Creativity. Creativity
Curiosity Adaptability
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FIG 3: SKILL PILLARS FOR INDUSTRY 5.0 - COMBINING HUMAN-CENTRIC
AND TECHNICAL COMPETENCIES

10. Current Challenges and Barriers

Cutting across the historical backdrop of educational reform and the present landscape
of skill-development programmes, India is grappling with an array of issues in preparing its
students to meet the needs of Industry 5.0. The most significant barriers include
infrastructural shortcomings and a lack of faculty: poor laboratory resources, access to
modern equipment, and continuously low teacher-to-learner ratios reduce the efficiency of
programme delivery. In addition, the gap between the industry and the academia remains

acute, with low levels of employer satisfa graduate preparedness and partnerships

between businesses and higher ge ',; 10 developed. In a recent survey, it

has been found that a signi ,ﬂ ﬂg anagers are of the view that

fresh graduates are not s u .$b‘

within the realms of ney 4'
Rural-urban ing

high-quality educatior

digital-learning adoptic

X WS,
l.'- ey,
' .'I-

having access to digital-

Moreover, there a ] ricalwobstagles to increased access to

participation rate in vocational upper-secondary programmes is 3 % which is significantly
lower than the international standards and the distribution of these programmes is also very
sparse: about 6 800 schools currently offer 400 000 students access to a vocational
programme using only 40 % of the full capacity that was allocated to vocational education.

At the same time, the demands of implementation that are unique to Industry 5.0
present further challenges. These can be the requirement to invest heavily in technological
infrastructure, the exposure to a greater risk of cyber-security due to the greater
connectedness, and the complexity of regulatory frameworks governing highly automated
systems. The shift in modern manufacturing towards Industry 5.0 requires a complete

organisational transformation and long-term training programmes.

International Journal of Humanities Management and Engineering Volume 1 Issue 1



Transglobal Research Journal Volume 1 Issue 1 September

11. Recommendations for Curriculum Reform

Moving toward Industry 5.0 requires a comprehensive overhaul of the curriculum that
involves various disciplinary aspects [2][13]. STEAM (Science, Technology, Engineering,
Arts, and Mathematics) aspects and Al modules, as well as digital literacies, social sciences,
and ethics, must be integrated into all levels of education [2][13].

Pedagogies based on experience and projects must take center stage, prioritizing
hackathons, internships, and laboratory-based classes that provide a first-hand experience of
working with new technologies [2][13]. Special emphasis should be placed on real-world
problem-solving and collaborative activities that reflect Industry 5.0 workplace arrangements
[13].

More industry immersion programs should be created, including guest lectures by

practitioners, uniform apprenticeshi 5, and lab partnership with manufacturing organizations

At the same ti
essential preconditions ging fellowships and
specialized AI/ML edu€a » ing faculty to teach to

Industry 5.0-related subje % lagogies 0 work in human-centric

sustainable technological solutions that will support long-term educational change [14][19].

Case Study:

In the academic year 2018 19 at Indian Institute of Science Education and Research
(IISER), a group of students developed a sustainable robotic arm in the context of an industry
5.0 project. Such a project can highlight the transformative potential of project-based learning

embraced with the principles of human-machine collaboration.

12. The Path Forward: Strategic Recommendations

Industry 5.0 requires the coordinated action of a wide range of stakeholders operating

on diverse timeframes to prepare India. Programs like carlation of Sector Skill Councils and
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MOUs between educational institutions and industry are critical in ensuring the alignment of
curriculum and that the student receives both theoretical and practical exposure.

The process of expanding access to vocational education demands addressing the
existing misconceptions about the benefits of vocational education and improving the quality
of vocational programmes and learning outcomes. The introduction of vocational expertise at
a young age and its systematized combination with academic studies is essential in the
normalization of skill-based career paths and the enhancement of employment opportunities.

There is a need to restructure assessment paradigms towards portfolio-based and
competency-oriented assessment, instead of the examination-only approach, as it is more
reflective of the demands in Industry 5.0 environments. An assessment framework should be

made up of simulation-based testing, design challenges, and collaborative performance

modern workplaces.

To ensure sustai
missions, and industry s ecessary to m of review and adaptation
mechanisms that pay spec (10 ' onitor nging skill needs based on

industry input. This ill aid i eVis ulum and programme

adjustments.

It is crucial t ich includes MOOCs
Recognition of Prior Le alifications Framework
(NSQF) to enable continuo 1s type of ecosystem should
be able to support the high- spee 1s characteristic of Industry 5.0

TABLE 5: INTEGRATED STRATEGY ROADMAP FOR PREPARING A
FUTURE-READY WORKFORCE

Strategy Area Key Action Stakeholders
Curriculum Reform | Embed Al, STEAM, ethics MoE, UGC, NCTE
Industry Integration | MOU s, apprenticeships, labs MSMEs, MHRD,

Start-ups
Digital Expand ATLs, smart classrooms Central & State Govts
Infrastructure
Faculty Al fellowships, pedagogical training Universities, EdTechs
Development
Assessment Reforms | Project-based and simulation CBSE, NCERT
evaluations
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Source:

https://www.education.gov.in/shikshakparv/docs/Examination_and Assessment Reforms.pdf

?

13. Conclusion

Industry 5.0 is not merely a small technological improvement, but a fundamental
re-evaluation of the nexus between human and machine in the industrial and educational
context. This paradigm preparation in India requires extensive reforms at the level of
curriculum design, skills development, investment in infra-structural resources, and cultural
adjustment.

India has an enormous demographic dividend- forecasted to include more than 800

Recent programs, es al 0, P 1"Atal Innovation Mission have
already laid significa e faster and constantly
re-examined. Technica cess, as it will require
not only strong indus emi )0ra / )+ the incorporation of
human-focused skills [ :

The need to transformythe ¢ $? h 93 percent of Indian
manufacturing companies a doptin; ,LH P a’t\!\ ﬁ' Industry 5.0 and the global

market set to reach USD 673. 1 ompetitiveness of the future will

Ll P _:f'
depend on producing graduates who are a : o eract fluidly with emerging technologies,
but who also bring uniquely human skills to the table in the form of creativity, empathy,
ethical judgment, and flexibility [2][6].

Government, industry, and educational institutions should therefore maintain their
commitment on a long-term basis to build a comprehensive learning ecosystem that reflects
the human-centric principles of Industry 5.0. India has a chance to build a future-ready
workforce that can spearhead the human-centric industrial revolution through a holistic
curriculum reform, improved skill-development programmes and stronger industry
partnerships.

An important aspect is the creation of feedback loop between industrial trends and

curriculum design, which is strengthened with regular labour-market analysis, to ensure
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alignment. The policies must encourage the use of public-private partnerships to co-design

adaptive curriculum and invest in faculty development.

TABLE 6: PROJECTED JOB GROWTH IN HUMAN-MACHINE
COLLABORATION ROLES (INDIA, 2024-2035)

Year Projected Jobs in Industry 5.0 Roles (in million)
2024 1.2
2026 2.8
2029 5.0
2032 7.4
2035 10.1

Source: https://www.researchnester.com/reports/industry-50-market/3603?
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