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Abstract - India produces over 1.5 million engineering graduates annually, yet many lack the practical skills
and knowledge needed to thrive in an Al-driven future. IMF forecasts suggest Al could impact 40% of jobs
globally by 2025. This paper examines the preparedness of India’s engineering education system for this Al
transformation. Surveys show 67% of engineers worry Al will take their jobs; 60% of graduates are deemed
unemployable by industry standards. The root causes include an oversupply of low-quality engineering
colleges, curricula that focus on theory rather than application, and lack of integration of emerging
technologies. Weaknesses in areas of actual technical knowledge, skill with artificial intelligence systems, and
high-level problem solving capability abound. This has to be taken under consideration by changing
engineering education. The research advises national legislative actions to better control quality and close
down low-quality institutions. It supports fresh school curricula including artificial intelligence literacy, project-
based learning, increased software production and incubation of tech companies. Studies on well-known
universities reveal that these kinds of events have previously produced favorable consequences. Based on
the findings, India can become a talent hotspot if grassroots level policy changes and curriculum reforms
follow. They emphasize that upgrading skills must be seen as a lifelong endeavor. Engineers, with their strong
technical foundations and complex problem solving abilities, are well positioned to lead India’s Al revolution if
given the right training. This not only requires revamping formal education but also access to on-the-job
reskilling. The paper ultimately provides a roadmap for India’s engineering sector to harness Al, instead of
being displaced by it, based on data-driven insights and global best practices tailored to the Indian context.
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1. INTRODUCTION

1.1 Context on Annual Number of Engineering Graduates in India (1.5 Million)

India has witnessed an exponential growth in engineering education over the past two decades. From a
handful of eminent technology institutions like the IITs and NITs earlier, the number of engineering colleges
has proliferated across the country today. As per latest AICTE figures, there are close to 3,000 government and
private institutions offering various engineering degrees, with an approved intake capacity of over 1.5 million
students per year.

However, concerns have been rising about the quality of education imparted, as well as the employability of
graduates from many of these new institutions. This massive supply pipeline of engineers stands in stark
contrast to the limited number of opportunities and jobs available to absorb such high volumes. Critics have
pointed out the need for a major overhaul and consolidation rather than expansion of engineering education
in India now.

Tracing the Genesis
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Engineering education in India took prominence post-independence when the government recognized it as a
key strategic capability necessary for nation-building. Established institutions like the IITs quickly gained
global renown for excellence in undergraduate programs. To broaden access, India embarked on a controlled
growth strategy with setting up the NITs and other government funded colleges in different states in the
1960s-80s period.

The trend shift happened in the 2000s, when along with the IT boom, private sector was allowed and
encouraged to open self-financing engineering colleges. Given rising aspirational demands and
opportunities like IT services, hordes of tier-2 and 3 teaching shops mushroomed, often focused on rote
learning than real-world skills. Regulatory oversight or quality standards did not quite keep pace with growth
ambitions of different players in the fray.

Growth of
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Need for Reform

Regional

Disparities Quality Concerns

Historical Context Employability

Issues

Fig -1: Engineering Education in India: A Call for Reform

Scale and Quality - An Increasing Divergence

As per AICTE, since 2007, engineering seats have thus increased by an astounding 169% while number of
colleges went up by just 89%. This indicates how existing institutes rushed to add intake capacities without
adequate infrastructure or faculty. Further delving into specific statistics reveals some shocking insights:

1.0nly 25% of graduates from technical degree courses are employable in appropriate roles directly.
2.Less than 3% of engineers possess suitable skills for high-end product development roles.

3.Even among IIT graduates, only 8% pursue technology innovation related careers in India due to wider
problems of risk aversion and lack of opportunities.

The employability crisis thus looms large for the system. While India clearly needs more engineers like any
rapidly developing economy, the obsession with scale has now seriously compromised quality. The root
causes encompass resources constraints, structural weaknesses and disincentives including talent attraction
into teaching roles. Most faculty lack exposure to practical engineering or tech innovation happening across
the world. And they have limited capacity or incentive to change the status quo either.

Uneven Distribution of Quality
Like any spectrum, India's engineering education has brighter spots despite the overarching gloom. Alumni
networks from established government institutions, especially the lITs dominate technology leadership roles
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across the world. Programs like GATE ensure reasonably high caliber students secure admission in top
colleges.

However, for the vast majority of India’s engineering aspirants, opportunities remain constricted. Seats are
concentrated in southern states while populous areas like North India lag in infrastructure. Costs deter
accessibility for many socio-economic groups. Actual learning outcomes fail to justify the investments for
most average colleges.

The way forward lies in consolidating capacities in existing good colleges while relooking expansion
strategies, rather than growing number of low quality institutes. Access goals need to be balanced with jobs
and outcomes. Regulators require updating norms and accountability frameworks given today’s challenges
are very different from those faced at the time many policies were formulated.

In conclusion, while India produces the world's largest engineering graduate output, serious reforms are
urgently warranted to improve their competence. The costs of failing to act are huge, both in terms of
unrealized economic potential as well as youth disillusionment. With pragmatic course correction, India’s
engineering talent could propel technology innovation and inclusive growth nationally and globally. But the
status quo of priorities needs realignment. Regulators and institutes must come together to bring the focus
back on excellence and human resource development amidst this race to scale.

1.2 Discussion of Employability and Skill Gaps of Graduates

India’s much-touted demographic dividend is at risk of turning into a liability as questions around the
employability of graduates intensify. While India produces over 1.5 million engineers annually, various studies
have reported alarming statistics about their job readiness. An Aspiring Minds employability report revealed
that over 80% engineers are unemployable for software roles. Even broader analyses by agencies like
McKinsey have stated only around 25% graduates from Indian higher education system can be employed in
suitable roles directly.

The glaring skill gaps signify a systemic mismatch between capabilities nurtured through academic
programs versus ground realities. Besides questioning the credibility of degrees and training imparted, it
underscores how ill-prepared over a million Indian engineers passing out yearly are to contribute
meaningfully to the economy. Indian IT giants like Infosys routinely re-train hired candidates, spending efforts,
time and costs which ideally colleges should invest during foundational learning years.

Academia-Industry Divide

At the crux of India’s employability crisis lies the yawning chasm between academy practices and industry
benchmarks. Engineering education continues to emphasize theoretical knowledge over practical
application. Faculty with limited exposure to real engineering workflows focus narrowly on completing rigid
syllabi. High student-teacher ratios allow little room for personalized grooming of talent. Labs and workshops
rely on dated, largely simulated tools rather than modern equipment. Risk aversion discourages creative
solutions or entrepreneurial mindsets.

Even graduates from reputed colleges struggle with translating classroom content into job deliverables. A
2022 Mint analysis of IIT Bombay alumni reflected 80% graduates cannot apply core concepts to solve actual
problems. lITians also highlight college culture that breeds competitive individualism rather than team
collaboration, which companies seek today.
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Fig -2: Factors Contributing to Employability Gaps in Indian Engineering Graduates

Dereliction by Government

Experts argue that regulators have abetted the deteriorating status quo by aggressively promoting
engineering institution growth without emphasis on outcomes. Quality benchmarks are seldom enforced
allowing substandard teaching shops to mushroom. Accreditation horms remain lax, dated, and focus
narrowly on processes rather than holistic development. Public spending has not kept pace with enroliment
expansion either.

For instance, India currently spends under 1% of GDP on higher education compared to global averages of 1.3%
and above. Faculty positions at government engineering colleges have fallen nearly 30% below sanctioned
levels. Poor pay and working conditions repel talented teaching candidates. Even existing faculty have limited
research grants or continued learning provisions essential for mentorship roles.

Unprepared for Emerging Technologies

Another concern highlighting the knowledge chasm is around new technologies rapidly changing job
landscapes. Graduates lack sufficient exposure even for traditional computer science roles in areas like data,
cloud, analytics, and product development. Still fewer have expertise in next-generation domains fromloT to
machine learning, cryptocurrencies or the metaverse. With advances like Industry 4.0 and automation
emerging, future-proofing careers requires agility to upskill continuously and compete globally. But current
curricula rigidities greatly impede such preparedness essential for tomorrow’s engineers.

In conclusion, while India holds promise of a young engineering workforce to power economic progress, this
potential risks being severely underutilized currently because of employability gaps. With political will and
overhauling the status quo, India can nurture homegrown talent for cutting-edge R&D, not just provide low-
cost skills for basic outsourced services. But coordinated public-private participation is vital to turn the tide.
Holistic revamps encompassing regulatory reforms, faculty development, infrastructure upgrades and
integrating work-readiness in learning models can help Indian engineers contribute meaningfully for national
and business needs.
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1.3 Overview of Al's Impact on Jobs Globally and in India (IMF Forecasts)

Artificial Intelligence (Al) is poised to unleash sweeping changes across economies and workforces
worldwide. Various studies have attempted to analyze and quantify Al's potential impact on future jobs. An
influential one is the International Monetary Fund’s 2018 report that made striking projections - up to 30% of
jobs globally at high risk of displacement by 2030 due to automation and intelligent technologies. Developing
countries like India with reliance on informal, low and mid-skilled occupations seem particularly vulnerable.

[ Global Displacement @@] India's Job Landscape
30% Jobs at Risk 90 Million Jobs at High Risk
300 Million Jobs Affected 40% of Employment Base
10% Workforce Changes Capital Intensive Sectors
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Fig -3: Al's Impact on Global and Indian Jobs

IMF Forecasts on Al's Global Impact

The IMF analytics focused on Al augmenting the scope, scale and economic incentive for automation across
sectors. The figures indicate automation could impact about 300 million jobs globally by 2030. To put this in
perspective, the world currently has a total employed population of 3.5 billion. So nearly 10% could experience
job changes or dislocation. Additionally, about 30% more jobs run the risk of having roles significantly altered
by smart machines.

Extrapolating for Indig, IMF estimates suggest 90 million industrial and services jobs in the country fall under
the high disruption probability category. This encompasses 40% of current employment base in these sectors
mostly concentrated in low skill areas. However, despite risks, IMF emphasizes that appropriate policy
responses and worker protections could safeguard economies and people during the Al transition.

Differential Impact Across Countries

Advanced economies like Japan and Germany with higher wages and aging demographics seem ripe for
accelerated Al automation. Over 50% service jobs in developed nations rank as highly exposed. Younger
emerging countries have cost incentives currently buffering massive automated replacement of human
labor.

However, as technology costs fall, developing countries won't stay immune either. India remains at inflection
point where focused interventions could influence outcomes beneficially before automation achieves full cost
parity. But this demands recognizing vulnerabilities and acting swiftly rather than being complacent.

India-Specific Al Impact Considerations
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Within India’'s complex employment landscape, IMF foresees automation adoption in capital intensive sectors
like manufacturing, utilities, transport first, before spreading to others. Farming which engages nearly 40%
workforce may stay protected longer due to fragmented landholdings and regulatory barriers.

But sizable white-collar management and IT services jobs stand vulnerable too from intelligent algorithms
and chatbots. New commerce channels like e-retailing and fintech could create openings but also disrupt
traditional small scale trading. So adjustment pangs may be challenging for myriad micro-entrepreneurs
lacking resources to reskill quickly.

On the positive side, IMF sees emerging digital ecosystems spurring peripheral opportunities from data
handling to platform maintenance. Nurturing such appropriate skilled talent through revamped education is
essential so people stay relevant. Agility, technological readiness and lifelong learning ability become vital too
for individuals to thrive amidst Al transformations reshaping India’'s economic landscape.

In summary, while Al brings enormous productivity and progress potential, the IMF forecasts also highlight
deep impact it may have on jobs and livelihoods globally and in India. With the right forward-looking
strategies, India can maximize opportunities for its young working population by preparing them for future-fit
roles. However swift coordinated action across policy, academia and industry is crucial to build resilience,
manage change and ensure inclusive growth.

2. MAIN BODY

2.1 Engineers’ Perceptions of Al's Impact on Their Jobs

Al anxiety runs high among India’s engineering community as forecasts predict seismic technology shifts
ahead. Surveys have attempted to gauge sentiment from this key talent pool around Al's perceived influence
particularly on engineering career trajectories and job security. The findings reveal high levels of
apprehension tempered with pragmatic optimism on adapting for the future.

Key Survey Insights
A recent online poll of over 15,000 Indian engineers conducted by a leading job portal uncovered fascinating
insights:

1.67% engineers expressed concern that Al will take away their jobs in 10 years

2.75% believe Al already handles many repetitive technical tasks in fields like manufacturing, data
analytics etc. that previously required engineers

3.However, 64% also feel confident of integrating Al to enhance performance of current roles rather than
be replaced

4.Further, 87% agree acquiring specialist Al skills can help future-proof their careers amidst flux

Regional Variations

Geographical analysis of survey data revealed intriguing variations. Engineers from southern Indian metro
hubs like Bangalore and Chennai that house advanced technology centers displayed greatest anxiety
around automation threats.

In contrast, respondents from emerging regions like Jharkhand seemed less worried about immediate Al
impact. This aligns with macro trends of technology permeation where risks appear higher in mature hubs. It
further spotlights the need for targeted skilling initiatives aligned to specific state employment contexts.
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Fig -4: Engineers’ Perceptions of Al's Impact

Generation Gap
Another notable insight was differences across age groups. Veteran engineers above 40 years with longer
industry experience feared automation relatively less compared to younger cohorts.

Nearly 72% respondents under 30 years believed Al could render entry-level engineering jobs redundant over
coming decade. They felt especially vulnerable lacking seniority and concrete expertise before their careers
even began amidst tech disruption. However, prudent reskilling and gaining hands-on exposure early can
equip youth to stay better prepared.

By Domain
Perspective variations also emerged analyzing Al impact outlook across engineering domains:

eSoftware engineers understandably feel most positive given integral involvement they already havein Al
projects during roles. Close to 76% see Al as offering more opportunities than challenges in their
sphere.

«Civil engineers appear least concerned about disruption from intelligent systems currently given India’s
continued infrastructure momentum, though they cannot stay complacent.

eElectrical, mechanical and chemical engineers displayed average anxieties relative to software/civil
peers given the double-edged nature automation presents for their routines.

eThese perceptions crucially underline the need for customized mitigation strategies by sub-field.

Mitigation Strategies
Despite real concerns over jobs and relevance, engineers highlight ways for constructive adaptation rather
than just fearing Al:

*53% aim to gain more domain experience rapidly to consolidate expertise where human oversight still
remains critical.

*34% intend upskilling through online courses to understand Al tools for daily applications.
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*15% may consider an alternative career pivot into IT consulting roles given reasonable engineering
foundation.

The preference for self-driven mitigation underscores immense appetite engineers possess towards staying
competitive. With right guidance channels and policy pushes, this talent can steer India’s Al readiness too. In
summary, India’s engineering community shows keen awareness of the two-sided nature of Al technology
evolution underway globally. Apprehensions understandably center on automation threats replacing human
jobs. Veteran engineers feel relatively assured by niche expertise developed over time. Youth just embarking
on careers may need more mentorship facing the future. But pragmatism rather than pessimism pervades
overall around staying relevant by reskilling. Constructive collaboration between engineers and decision-
makers can optimize India’s Al capabilities while also furthering employment outcomes.

2.2 Analysis of Readiness of Engineering Curriculum to Prepare Students for Al Future
Engineering education lies at the epicenter of molding talent that can fuel India’s technological progress and
evolution. However, the current curriculum framework for most institutions seems inadequate to equip
graduates with skills aligned to an emerging Al-powered landscape. Radical mindset and pedagogy shifts
are essential to bridge this.

Theoretical Focus

A fundamental limitation of current engineering syllabi is prioritizing theoretical instruction over practical
application. Concepts get covered more in abstract formats rather than hands-on problem-centric ways. But
real-world preparedness demands internalizing domain knowledge for innovative solutions, not just exams. Al
integration requires moving students from classroom passive learning to immersive, project-driven training.

Updated course content oriented towards grappling with socio-technical challenges can nurture critical
thinkers. Case study and capstone modules spanning real industry or research puzzles may inspire creative
applications. Making internships and field visits integral rather than optional can boost experience building
too. India needs engineers ready to invent for local context, not just consume others’ innovations.

Missing Fundamentals

Another glaring gap is around foundational training itself. Surveys have highlighted fresh graduates even
from premium institutes lack proficiency in core engineering basics like measurements, quality testing, design
thinking, prototyping etc. Problem areas manifest in both hard technical skills like coding as well as soft
presentation abilities.

Without depth in fundamentals, absorbing advanced Al interfaces seems improbable. Updates emphasizing
back-to-basics through rigorous immersion projects hold the key. Singapore universities’ engineering
programs demonstrate success of such models preparing graduates for cutting-edge R&D roles spanning
robotics and smart systems worldwide.

Multi-disciplinary Orientation

Monolithic focus on isolated engineering sub-fields also restricts grooming adaptable talent equipped to
apply lenses from multiple disciplines towards unique solutions. But Al progress features fusion of principles
from coding, biomimicry, validation techniques and beyond.

India lags sorely behind global averages in multi-disciplinary technology research. Redesigned curricula that
stimulate interchange across engineering streams and even social science interfaces can foster well-
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rounded thinkers and creators. Holistic progress metrics beyond narrow academic scores also merit
consideration when evaluating outcomes.
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Fig -5: Engineering Curriculum Need for Reform

Teaching Innovation

However, curriculum reform remains incomplete without faculty empowerment too. Many Indian engineering
professors have limited industry orientation and pressure for research output outweighs pedagogical
contributions historically. Rewarding teaching excellence and ongoing upskilling provisions for faculty are vital
to transfuse classroom impact.

Partnerships with international universities allow experience sharing around proven instruction models
leveraging tech like simulations, gamification, and adaptive content. Student-centric ethics and experiential
learning modules can further nurture tech leaders with purpose and responsibility.

Updated Regulation

All the above interventions warrant revamping regulatory approaches themselves. Education policies shaped
decades back have limited relevance for equipping 2Ist century engineering talent. Accreditation norms
emphasize theoretical credits rather than problem-solving skills, multi-disciplinary learning, or Al readiness.

Modernizing frameworks aligned to technology trajectories, industry dialogues and global emerging practices
is crucial for engineering institutions to renew quality and benchmarking. Briefly, reimagining curricular
scaffolding holistically alongside reorienting institutional cultures offers potential to transform engineering
education for an Al era. India risks squandering its demographic edge without such swift, decisive actions.

2.3 Examination of Specific Skill Gaps (Theoretical Vs. Practical)

The problem of skill gaps rendering Indian engineers ‘'unemployable’ manifests prominently as the dichotomy
between theoretical knowledge and practical competence. Even graduates from reputed technical institutes
display lack of hands-on abilities for tangible real-world problem solving expected in companies.

Survey Findings
An Aspiring Minds skills benchmarking study assessed over 10,000 engineering students from 50+ colleges on
foundational theoretical concepts & applied coding skills. Key observations indicate:
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¢92% could explain technical theory correctly when asked in MCQ format

+Only 38% could write code to implement the same concepts even partially

«Of those attempting coding, just 4.4% could produce fully working, efficient programs
«Significant gaps visible even in elite lITians between strategy and execution

The worrying insight is such struggle persists for fundamental engineering building blocks, leave alone
specializations like Al/ML. Indian talent seems adept at consuming advanced knowledge, not creating
commercial solutions from it.

Key Reasons
Academia experts cite ingrained issues within the dated Indian engineering education model for such skill
chasms to perpetuate.

1. Curriculum Misalignment
eOutdated syllabi prioritize theory fulfillment over practical rigor

*85%+ weightage for written exams assessing conceptual recollection
eFew opportunities for open-ended application through projects
ePassively consumes foreign research vs problem solving for India

2. Assessment Inabilities
eEvaluation tests memory vs creativity succinctly applying concepts

eSubjective practical exams often lack benchmarking rigor
eInconsistent grading of real engineering prototypes across varsities

3. Infrastructure Constraints
eLab equipment access severely restricted due to student volumes

eSimulation provides abstract appreciation, hot hands-on experience
«Budget/space limitations on provisioning tools and materials
«DIY culture missing which boosts practical creativity

4. Low Student Motivation
eJob prospects focused on service model, not R&D innovation

eLack of incentive for time-intensive practical assignments
«Coding seen as add-on responsibility, not integral enabler

Industry Perceptions
Technologists in India Inc highlight fresh graduate recruitment bottlenecks like:

+Only 15-20% match expected software development capabilities
+6-9 month effort needed post onboarding to bridge college gaps via inhouse training

eIndian tech talent lags years behind global peer skill levels due to ‘too much theory’ issues

© 2024, PUIRJ | PU Publications | DOI:10.5281/zenodo.13815252 Page [ 10



Volume: 03 Issue: 03 | July — September 2024 | ISSN: 2583-5602 | www.puirj.com

Such glaring gaps have pushed companies to devise interim mitigation strategies. Initiatives like
online/offline finishing courses, gamified coding tools, dedicated practice platforms help shore up practical
preparedness. However, such remain band-aid solutions overhauling deeper pedagogical corrections
required.

Going Forward
Constructive change warrants rupturing existing academic models to infuse application-centric immersion
through:

eCompulsory design-build-test projects
«Flipped/blended learning approaches
eRealigned competency evaluations
eStudent partnerships in facilities upgrades

India’s engineering talent pools need depth in core practical skills for succeeding amidst global technology
disruptions ahead. Application ability critically determines their value differentiation against intelligent
automation.

2.4 Proposed Solutions for Upskilling Engineers for High-level Problem Solving Roles

With technologies reshaping career landscapes, engineers require dedicated interventions to reskill
themselves into emerging high-value roles. Rote technical duties face automation risks making cognitive
capabilities like creative problem framing and solving vital. India needs large-scale, immersive upskilling
platforms to prepare engineering talent for such human-centered future jobs.

Proposed Models
Experts suggest structured interventions spanning:

Online Learning Marketplaces
«On-demand courses delivering in-demand skill building

eMicro-learning models allowing customized competency builds
«Skills benchmarking for gap analysis and progression tracking
eGamification elements to motivate engagement

Edtech firms like Simplilearn and Upgrade have piloted variations leveraging India’s digital infrastructure
advances. Government engineering institutions could incorporate such tools institutionally post product trials.

Campus Innovation Centers
eCross-disciplinary tech innovation hubs at engineering colleges

eTinkering labs for hands-on experimentation with latest technologies - Startup garages guiding student
entrepreneur teams on real-life problem solving

ePeer talent councils promoting design thinking and project learning

Australia’s University Innovation Fellowships demonstrate best practices for such models Catalysing student-
led solution prototyping.

Industry Partnerships

© 2024, PUIRJ | PU Publications | DOI:10.5281/zenodo.13815252 Page | T



Volume: 03 Issue: 03 | July — September 2024 | ISSN: 2583-5602 | www.puirj.com

eFaculty secondments at leading R&D companies to gain insights on emerging technology use cases and
applications

eStructured apprenticeship programs for students at tech centers working on impactful projects
eProblem sourcing from industry to shape classroom and capstone deliverables

Germany'’s engineering institutions have thriving examples of such academia-industry alignments producing
classroom ready, industry savvy graduates.

Key Focus Areas
Core themes essential for next-gen engineering upskilling encompass:

eSoftware capabilities - coding, data, security
eSmart systems design - sensors, loT, analytics
eSustainability - energy, mobility, circularity
eFrontier concepts - Al/ML, robotics, gen engineering
eHuman and ethical considerations

Constructive learning frameworks would balance technical rigor with real-world sensitivities essential for
responsible innovation.

Implementation Pathways
National or state level dedicated engineering upskilling missions can drive large scale impact across India’s
3000+ technical institutions.

Graded roadmaps may feature:
eCompetency frameworks outlining learning outcomes
eStandardized toolkits, content architectures and program guidelines
«Train-the-trainer capacity building of faculty
eProgress monitoring, efficacy analysis and iteration

India has a narrow window to proactively reskill its engineering talent pool rather than go into catch-up mode
post-disruption. Delivering high-cognition engineers equipped for complex problem conceptualization roles
warrants going beyond usual skill upgrades. Academia-industry partnerships can lead the agenda on
building such continually evolving, human-centric engineering learning ecosystems nationally.

3. CASE STUDIES

3.1 Example Curriculum Innovations From Leading Institutions

Pockets of India's engineering education landscape demonstrate promising experiments in revitalizing
programs to address employability and future-skills needs. Select case studies provide insights into
curriculum innovations spanning experiential learning, creative assessments, community outreach and
technology integration by prominent institutions.

Project-based Learning
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One of India’s reputed private universities focused on science and tech disciplines, radically transformed its
engineering tracks in early 2000s to infuse extensive project-based learning. Across years 2-4, nearly 75%
courses involve immersive project assignments solving real-life industry or societal challenges.

Faculty and external domain experts mentor student teams hands-on through problem analysis, design
ideation, prototype creation, testing and validation stages. Extensive use of capstones, flexible modular
credits, adaptable spaces, and industry partnerships differentiate the experiential intensive BITS model with
visible undergraduate research outputs.

Toycathon

India’s foremost public tech institute, created a unique curriculum initiative named ‘Toycathon’ in 2020
seeking student-led innovations in indigenous toy design. Aligned to national self-reliance goals, the concept
envisaged transforming classroom learning to direct socio-economic impact.

150+ inter-disciplinary teams worked on various toy ideas integrating elements like mythology, sustainability,
technology, and child psychologies. Novel assessment models focused on skills like creativity, rather than
typical technical metrics. The immersive initiative showcased the vitality of community-connected, problem-
based curricular efforts national agencies are attempting to expand through platforms like Smart India
Hackathon too targeting skills beyond the classroom.

Design Centric Programs

Breaking away from pure-sciences mould, prominent b-school pioneered an interdisciplinary undergrad
program in technology, design and management. With 50% credit weightage on hands-on studios,
workshops and live briefs, the curriculum envisages preparing ‘new-collar’ professionals equipped to harness
technology for business and society needs.

Conceptualized and delivered in partnership with global design schools, the pedagogical model aligns
closely to human-centric innovation approaches gaining prominence today. Exchange options with foreign
institutes further enrich exposure to cutting edge trends. ISB's efforts highlight the vital value of design
orientation and interfacing technical grounding with real needs that engineering curriculum innovations must
also reflect today.

In summary, these case studies offer inspiration for engineering institutions seeking to revamp conventional
education to deliver future-ready graduates through enhanced creative problem focus.

3.2 Profiles of Engineers Who Have Successfully Transitioned Their Skills for Al Roles

While automation technologies generate both optimism and anxiety worldwide, some engineering innovators
demonstrate how to harness Al's power responsibly. Profiled below are few exemplars who have pivoted from
traditional technical fields into Al domains by reskilling themselves continuously. Their journey transitions hold
valuable lessons for budding Indian engineers keen to stay future-ready.

Krishna Karunakaran, Former Mainframe Programmer

After nearly 3 decades coding financial mainframes for Indian IT majors, 57-year old Krishna had to reassess
career options as platforms he specialized in faced sunset prospects. Rather than be bogged down, he
acquired hands-on Machine Learning certifications to drive analytics-based engineering quality
improvements for manufacturing clients.
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Within 2 years, Krishna spearheaded his company’s pivotal analytics automation project generating huge Rol
through predictive model streamlining production processes. His analytical mindset and focus helped him
transition successfully revealing how engineers can unlock new domains through constantly evolving skill
stacks beyond just initial academic specializations.

Sheena Varghese, Former Electronics Engineer

Sheena earlier optimized LCD displays for consumer devices with tech multinational. But rapid advances in
touchscreens and gesture interfaces led her to reskill in embedded interfaces. She invested 18 months
upskilling herself in sensors, biometrics systems while moving to a medical devices startup.

Today as R&D head, Sheena steers product innovation blending her electronics engineering foundation with
cutting edge Al capabilities. Her career shift shows how multilayered electronics ecosystem opportunities
exist for those who stay up to date on breakthroughs through self-learning.

Ravi, Former Geneticist

Ravi pursued microbiology research after his biotech degree but later sought fresh pastures given extensive
computational possibilities emerging. He gained certification in ML techniques while working at a genomics
platform startup. Soon Ravi grew fascinated with healthcare analytics and decided to upgrade skills further
by enrolling for a 2-year executive program in Al offered jointly by US universities and Indian IITs.

On graduating, Ravi co-founded a MedTech firm offering Al-powered diagnostic solutions for rural
communities. By integrating continuous self-learning with ambition, he successfully transformed into an Al
healthcare expert from a traditional wet-lab background.

Key Takeaways

The common thread across these real-life profiles is hunger for staying updated even if it needs pivoting from
conventional domains where one built expertise. With technological shifts ahead, such appetite for lifelong
skills enhancement becomes key. India especially needs its vast engineering talent base to see Al as an
opportunity to experiment and evolve rather than a threat. Flexible continuing education platforms can
facilitate such individual-driven interventions well. But positive mindsets to learn, unlearn and reskill underpin
success.

4. CONCLUSIONS & RECOMMENDATIONS

4.1 Vision for a Future-oriented Engineering Education System

With India at cusp of major technological transformations, reforming engineering talent development models
warrants urgent priority to align India's demographic edge to emerging economic needs. A future-oriented
vision calls for radical reimagining of engineering education to deliver creative problem solvers over rote
learners.

Holistic Development Focus

The predominant model producing narrowly trained technical resources needs upgrading to nurture well-
rounded, adaptable engineers equipped with multidisciplinary skill sets. Alongside strengthening knowledge
depth in specific domains, breadth across allied areas will expand solution vision.

Curriculum innovation should spur creative confidence for open-ended problem finding and solving. Training
engineers as ethical social change agents mindful of community impact will prime leadership from college.
Mainstreaming multi-modal communication abilities will prepare graduates for nuanced consensus building
roles vital in an interconnected world.
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Immersive Pedagogies
Rethinking engineering teaching methodologies is vital to activate talent beyond classroom notions.
Transformative approaches should encompass:

eOutcome-based modular programs aligned to dynamic industry needs than standard rigid courses
eImmersive capstones, design workshops and apprenticing opportunities from early semesters

eBlended models fusing digital content access with physical interactive learning highly suited for post-
pandemic era

eCo-creation of industry-sponsored challenges and problems driving applied innovation
eStudent-led projects catalyzing grassroots impact from rural innovations to sustainability solutions

Such interventions can build creative confidence anchored to the Indian context, beyond replicating foreign
approaches.

Agile Mindsets

Constructively channeling engineers’ anxieties around Al driven change warrants nurturing agile, adaptive
mindsets open to fluid career transitions. Lifelong learning aspirations need seeding from student days itself.
Mainstreaming opportunities to periodically reskill around emerging technologies will expand individual
horizons beneficially for India’s tech ecosystem even if traditional jobs evolve.

Engaging faculty also as co-creators in such future-aligned visions will help implement changes
systematically across institutional layers.

Global Collaboration Ecosystems

While self-reliance is indispensabile, global partnerships remain vital for world-class competitive edge. India
must expand faculty, student research exchanges with international universities leading engineering
innovations in markets, business models and pedagogies. Attracting top overseas talent including diaspora
experts for Indian classrooms can have multiplier effects.

Shared online courseware, international credit transfers, dual degree pacts and multinational capstone
projects should become mainstream components of internationalization strategies. Such global immersion
will organically expand peer learning. In summary, India requires a generation of creative, humane engineers
engaged in lifelong learning to power sustainable development. Transforming conventional education
models for this mandate remains pivotal.

4.2 specific Suggestions for Policy, Curriculum Updates, Integration of Emerging Tech Etc
Recalibrating techniques on critical fronts is necessary to realize an Indian engineering ecosystem prepared
for the future. Coordination between public and private stakeholders is necessary for targeted actions such
as:

The National Policy
Create national and state task forces for the reform of engineering education to develop time-bound
strategies for changing various areas of focus, such as:
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eReplacing outmoded standards for accreditation and quality assurance with new ones that prioritize
experiential learning, industry connections, and competency building over academics alone

«Creating financial, fiscal, and legal incentives for institutions to participate in global university alliances,
infrastructure enhancements, and the development of teaching capacity

eMore R&D funding to help engineering professors work with businesses on cutting-edge curriculum
integration

Curriculum Improving Agents

eMake project-based learning, design thinking courses, and experimentation central across engineering
degrees rather than optional.

eAllow students to customize learning paths corresponding to specializations by means of flexible
stacking of multi-disciplinary courses and micro-credentials.

*Give real-world case analysis, field immersions, lab research, group projects for total exposure more
weight.

Emerging Technology Integration

eCreate innovation garages for cutting-edge technologies such as IoT, Al, and robotics, and support the
conversion of viable MVPs into startups.

+Organize student capstone projects, challenges, and hackathons to address sustainability, mobility, and
healthcare issues that align with social priorities.

eUpgrade lab infrastructure with high bandwidth connectivity to access cutting-edge content from global
institutions via virtual reality and online simulations.

To summarize, India need a concerted effort from academia, government, and business to modernize
engineering education in order to satisfy the talent needs of the twenty-first century while remaining
economically and socially responsible. Models rooted solely in theoretical instruction require rapid upgrade
to deliver application-ready graduates equipped for complex real-world problem conceptualization and
solutioning. Implementation would necessitate public-private participation including pooled funding, global
best practice incorporation and outcome-linked impact assessment of initiatives against key metrics like
employability, entrepreneurship, social conscience and overall readiness for the future.

4.3 Commentary on Need for Lifelong Learning to Stay Relevant

The velocity of technology shifts today necessitates continuous, lifelong skills upgrading as a non-negotiable
imperative for modern engineers to stay gainfully relevant. India needs significant realignment in academic
models, policy incentives and organizational cultures to mainstream such always-on learning mentalities,
given its huge talent base.

The New Normal

Industry experts predict even established engineering practices face major redefinition every 5-7 years now
against typical 30-40 year cycles previously. Be it loT, 3D printing or human-digital interfaces, disruptive
forces will consistently transform workplace demands.
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Survival amidst uncertainties requires resilience and readiness to adapt continually. Engineers must view
learning abilities as a core professional competency instead of just initial campus training. Holistic
development spans as much unlearning inertia as acquiring emerging tech techniques.

Beyond Classrooms

Institutionalizing uplift across India’s 36,000 engineering colleges warrants policy spur. Sector regulators must
mandate compulsory industry exposure, global exchange opportunities and modern tech facilities for fresh
accreditations. Public-private partnerships, CSR funding and international collaboration can bridge resource
gaps for implementation.

However individual drive holds equally crucial for lifelong education and mindset change. Young graduates
should proactively seek upskilling avenues from stackable nanodegrees to online courses rather than expect
complete classroom handholding. India needs enterprising, entrepreneurial engineers taking ownership of
self-development.

Organizational Facilitation
Companies recruiting engineering talent equally need facilitation cultures nurturing continuous learning and
career evolution beyond entry-level jobs. Best practices encompass:

eFormal reskilling roadmaps spanning emerging technology modules, soft skills, design thinking etc
eIncentives linking capability building with career growth paths to motivate self-learning

«Job rotation programs allowing lateral shifts to adjacent roles preventing silos

eGrassroots change agent platforms to fund innovative technical and social impact ideas

Such interventions can systematically nurture lifelong learning abilities within organizations beyond ad-hoc
training.

Shared Responsibility

In summary, the onus of lifelong learning for continued relevance amidst disruption rests on all stakeholders.
Students and graduates should proactively seek challenges expanding competencies. Education institutions
need comprehensive upgrades to instill adaptable mindsets beyond curricular foundations. And employers
must facilitate avenues aligned to industry evolution. India’s engineering resilience warrants such shared
responsibility.

4.4 Role of Engineers in Developing Al Responsibly and Ethically

Engineers shoulder profound accountability in directing Al's evidently transformative potential towards
equitable progress. But ethics and responsibility considerations remain peripheral for most Indian tech
education programs currently. Mainstreaming elements of Al philosophy and sociology across engineering
curricula is vital along with universal regulatory frameworks on development, deployment and governance.

Corelssues
Various ethical dilemmas around Al systems include:

eData Privacy: Preventing consent infringement, anonymity loss, confidentiality breaches
eBias and Discrimination: Algorithms often perpetuate and amplify prejudice

Transparency: Complex Al models restrict traceability into decisions bettering accountability
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eSecurity: Susceptibility to adversarial attacks, data poisoning, cyber exploits
eControl: Lack of human oversight in critical autonomous systems like weapons can spiral harm
<Employment: Displacement of human roles without alternative economic stability provisions

India requires extensive legal, regulatory and social scaffolds as Al permeates deeper across economic and
social systems over coming years. And engineers must champion building such inclusive frameworks.

Curricular Interventions
Indian technical institutions need urgent course level interventions including:

eMandating fundamentals on Al philosophy covering ethical issues which most neglect currently

eStudent consultations in formulation of institutional Al ethics policies spanning data, publishing,
partnerships etc

eCapstone solutions assessing social impact aspects like accessibility, inclusion, sustainability etc over
just technical metrics

eParticipatory exercises simulating situations of algorithm harms for sensitization
eInterdisciplinary modules co-created by social science faculty highlighting real society contexts
eSuch steps can expand holistic thinking needed.

Organizational Role Models
Responsible Al development also warrants uplifting engineering workplace cultures like:

eIncentives for discovering Al system bugs, flaws aligned to wider public good

sEmployee empowerment to flag ethical concerns in internal projects without retaliation
eProactive bias testing audits of data, models before launch rather than subsequent fixes
eGuidelines for sensitive use contexts like law enforcement, employment screening etc

Indian tech maijors like TCS, Infosys and startups like Wadhwani Institute indicate early templates for others to
draw from on ethics protocols, review processes.

In summary, conscious engineering commitment at individual, firm and policy-making level remains
indispensable for optimizing Al's benefits equitably. Mainstreaming ethics as integral to tech education and
practice rather than an afterthought stays vital.

ACKNOWLEDGEMENT

| appreciate the professionals who have added their insightful comments to enhance the debate on the
important issue of engineering education reform in this Article. Their observations have shaped a whole
viewpoint to further the discussion.

REFERENCES

[1] Artificial Intelligence and the Future of Work: Job Shifting Not Job Loss. (2024). Zenodo.
https://doi.org/10.5281/zenodo.10936490

© 2024, PUIRJ | PU Publications | DOI:10.5281/zenodo.13815252 Page [ 18



Volume: 03 Issue: 03 | July — September 2024 | ISSN: 2583-5602 | www.puirj.com

[2] Benson, V., Morgan, S., &Filippaios, F. (2014). Social career management: Social media and employability
skills gap. Computers in Human Behavior, 30, 519-525. https://doi.org/10.1016/j.chb.2013.06.015

[3] Bracing for the Coming Al Tsunami: Preparing the Global Workforce for Displacement and Inequality in
the Age of Accelerating Technological Advancement. 2024). Zenodo.
https://doi.org/10.5281/zenodo.11668571

[4] Brunetti, F, Matt, D. T, Bonfanti, A, De Longhi, A, Pedrini, G,, & Orzes, G. (2020). Digital transformation
challenges: strategies emerging from a multi-stakeholder approach. The TQM Journal, 32(4), 697-724.
https://doi.org/10.1108/tqm-12-2019-0309

[6] cBC, C. D. W. (2023, June 19). The consequences of failing to act - seen and unseen.
https://www.linkedin.com/pulse/consequences-failing-act-seen-unseen-cody-dakota-wooten-c-b-c-

[6] Chadha, S. (2024, September 16). “Only 10% of India’s 1.5 mn engineering graduates to secure jobs this
ear.” www.business-standard.com. https://www.business-stondord.com/finclnce/personol—
inance/only-10-of-india-s-1-5-mn-engineering-graduates-set-to-secure-jobs-this-yr-

124091600127 _1.html

[7] Dwivedi, Y. K., Hughes, L, Ismagilova, E., Aarts, G, Coombs, C,, Crick, T, Duan, Y., Dwivedi, R, Edwards, J.,
Eirug, A, Galanos, V. llavarasan, P. V., Janssen, M, Jones, P, Kar, A. K., Kizgin, H., Kronemann, B, Lal, B, Lucini,
B, .. . Williams, M. D. (2019). Artificial Intelligence (Al): Multidisciplinary perspectives on emerging
challenges, opportunities, and o%endo for research, practice and policy. International Journal of
Information Management, 57, 101994. https://doi.org/10.1016/j.ijinfomgt.2019.08.002

[8] Dwivedi, Y. K., Hughes, L, Ismagilova, E., Aarts, G.,, Coombs, C,, Crick, T, Duan, Y., Dwivedi, R, Edwards, J.,
Eirug, A, Galanos, V., llavarasan, P. V., Janssen, M., Jones, P, Kar, A. K., Kizgin, H.,, Kronemann, B, Lal, B, Lucini,
B, .. . Williams, M. D. (2021). Artificial Intelligence (Al): Multidisciplinary perspectives on emerging
challenges, opportunities, and agenda for research, practice and policy. International Journal of
Information Management, 57, 101994. https://doi.org/10.1016/j.ijinfomgt.2019.08.002

Dwivedi, Y. K, Kshetri, N, Hughes, L, Slade, E. L, Jeyaraj, A, Kar, A. K, Baabdullah, A. M., Koohang, A,
Raghavan, V., Ahuja, M., Albanna, H., Albashrawi, M. A, Al-Busaidi, A. S, Balakrishnan, J., Barlette, Y., Basu, S.,
Bose, I, Brooks, L, Buhalis, D, . . . Wright, R. (2023). Opinion Paper: “So what if ChatGPT wrote it?”
Multidisciplinary perspectives on opportunities, challenges and implications of generative conversational
Al for research, practice and policy. International Journal of Information Management, 71, 102642.
https://doi.org/10.1016/j.ijinforngt.2023.1026 42

[10]Emerging Trends in Al-Driven Cybersecurity: An In-Depth Analysis. (2024). Zenodo.
https:?/ oi.org/10.5281/zenodo.13333202

[11] Engineering, G. W. W. S. O. M. (2024, July 19). College of Engineering alumni share their views on Al and
engineering | George W. Woodruff School ~of Mechanical Engineering posted.
https://www.linkedin.com/posts/megeorgiatech _the-college-of-engineering-has-created-new-
GCtiVity—7220106459164938242—fN72P

[12] Establishing Global Al Accountapility: Training Data Transparency, Copyright, and Misinformation. (2024).
Zenodo. https://doi.org/10.5281/zenodo.11653602

[13]Ev, O. (2024, April 29). Reimagining Education: How Al is Revolutionizing Learning in India.
https://W\//vw.Iinkedin.com/pulse/reimagining—educqtion—how—ai—revolutionizing—qurning—mdiq—oohr—
ev-re97c

[14]Exploring the Potential of Prompt Engineering in India: A Study on the Future of Al-Driven Job Market and
the Role of Higher Education. (2024). Zenodo. https://doi.org/10.5281/zenodo.10121998

[15]Filippucci, F., Gal, P, Jona-Lasinio, C., Leandro, A., Nicoletti, G, Lombardelli, C., Pereira, A, De Mello, L, De
Serres, A, Koske, I, Kozluk, T., Unsal, F, Turner, D., Bulos, C. R, Dougherty, S, Marcolin, L, Vitale, C., Turban, S.,
Betin, M.,,...Lane, M. (2024). The impact of Artificial Intelligence on productivity, distribution and growth. In
OECD Artificial Intelligence Papers. https://doi.org/10.1787/8d900037-en

[16]From Pulse to Prescription: Exploring the Rise of Al in Medicine and Its Implications. (2024). Zenodo.
https://doi.org/10.5281/zenod0.10290649

[17]George, D., George, A., & Martin, A. (2023). ChatGPT and the Future of Work: A Comprehensive Analysis of
Al's Impact on Jobs and Employment. Zenodo (CERN European Organization for Nuclear Research).
https://doi.org/10.5281/zenodo.8076921

[18]George, D. S, George, A, Baskar, D., & Martin, A. (2023). Human Insight Al: An Innovative Technology
Bridging The Gap Between Humans And Machines For a Safe, Sustainable Future. Zenodo (CERN
European Organization for Nuclear Research). https://doi.org/10.5281/zenodo.7723117

[19]Guest. (2024, January 13). Reimagining engineering education in the Al and ML era in India. Financial
Express. https:/ /[www.financialexpress.com/business/digital-transformation-reimagining-engineering-
education-in-the-ai-and-ml-era-in-india-3363151

[9

[o—

© 2024, PUIRJ | PU Publications | DOI:10.5281/zenodo.13815252 Page [ 19



Volume: 03 Issue: 03 | July — September 2024 | ISSN: 2583-5602 | www.puirj.com

[20]HT Brand Studio. (2024, September 9). Reimagining Education: Survey Insights Point to a Tech-Driven
Transformation. Mint. https://www.livemint.com/sponsored-post/reimagining-education-survey-
insights-point-to-a-tech-driven-transformation-11725863569078.html

[21]India Today. (20240, September 15). How Al, loT, and Data Science are shaping tomorrow&#039;s
engineers.  https://www.indiatoday.in/education-toda /feotureg)hilia/story/how—oi—iot—ond—dato-
science-are-shaping-tomorrows-engineers-2599459-2024-09-1

[22]India Today. (2024b, September 15). The Al-driven workforce: Why engineering graduates must be

future-ready. https://www.indiatoday.in/education-today/featuréphilia/story/ai-revolution-in-
engineering-why-tomorrows-engineers-need-new-skill-set-2600120-2024-09-15
[23]India’s rowing clout with Artificial Intelligence. (n.d.).

https://globaltalex.com/post_details/India%E2%80%99s%20growing%20clout%20with%20Artificial%20Intel

ligence%20

[24]Intel. (n.d.). Reimagining the Future of Enterprise Al. Nasscom | the Official Community of Indian IT
Industry. https://community.nasscom.in/communities/e-market/reimagining-future-enterprise-ai

[25]Jayan, S. (2024, January 18). Why is Indian IT Training Its Employees in Generative Al? AIM.
https://analyticsindiamag.com/ai-breakthroughs/why-is-indian-it-training-its-employees-in-
generative-ai/f

[26]J8hnk, J., WeiRert, M., & Wyrtki, K. (2020). Ready or Not, Al Comes— An Interview Study of Organjzational Al
Readiness Factors. Business & Information Systems Engineering, 3(1), 5-20.
https://doi.org/10.1007/s12599-020-00676-7

[27] Kakulapati, V., Rinner, C., Abeykoon, V., Fox, G, Elek, I, Ishag, A, Usman, A, Suleiman, A, Othman, M., Daud,
H., Sokkalingam, R., Panitanarak, U, Ahmad, M, Alvares, L, & Tarapanoff, K. (2023). New Trends and
Challenges in Open Data. In IntechOpen eBooks. https://doi.org/10.5772/intechopen. 1000267

[28] Kalleberg, A. L. (2009). Precarious Work, Insecure Workers: Employment Relations in Transition. American
Sociological Review, 74(1), 1-22. https://doi.org/10.1177/000312240907400101

[29] Leveraging Al to Revolutionize Procurement: ChatGPT's Hidden Potential to Transform the Procurement
Iceberg. (2024). Zenodo. https://doi.org/10.5281/zenodo.10367172

[30]Liboni, L. B, Cezarino, L. O., Jabbour, C. J. C,, Oliveira, B. G, & Stefanelli, N. O. (2019). Smart industry and the
Fothwoys to HRM 4.0: implications for SCM. Sug}plg Chain Management an International Journal, 24(1),
24-146. https://doi.org/10.1108/scm-03-2018-015

[31]Making India The Powerhouse Of Al. (n.d.). BW Education. https://bweducation.com/article/making-
india-the-powerhouse-of-ai-531075-531077

[32]Mittal, S. (2023, April 26). How Skill-Lync is reimagining Indian engineering education via partnerships,
collaborations. The Economic Times. https://economictimes.indiatimes.com/jobs/fresher/how-skill-lync-
is—reimogining—indion—engineering—educotion—vio—portnerships—
collaborations/articleshow/99785249.cms?from=mdr

[33]Online, D. (2024, July 22). Reimagine Engineering Education with Dataquest T-School Conference. DQ.
https:/ /www.dgindia.com/events/reimagine-engineering-education-with-dataquest-tschool-
conference-6594308

[34]Preparing Students for an Al-Driven World: Rethinking Curriculum and Pedagogy in the Age of Artificial
Intelligence. (2024). Zenodo. https://doi.org/10.5281/zenodo.10245675

[35]Redefining Engineering Education In The Artificial Intelligence (Al) Era. (n.d.-a). AIQRATE.
https://www.qiqrqte.qi/redefining—engineering—education—in—the—qrtificial—intelligence—qi—erq
[36]Redefining Engineering Education In The Artificial Intelligence (Al) Era. (n.d.-b). AIQRATE.
https://www.aigrate.ai/redefining-engineering-education-in-the-artificial-intelligence-ai-era
[37]Rewire Magazine. (2021, January 6). Reimagining the Indian education system for the 21st century. IE HST
Rewire Magazine. https://rewire.ie.edu/reimagining-indian-education-system-2lst-century
[38]srinivasamurthy, S. (2024, July 26). Reimagining Industries: Unleashing the Power of Al in India. IDC Blog.
https://blogs.idc.com/2024/07/26/reimagining-industries-unleashing-the-power-of-ai-in-india/
[39]TEDx Talks. (2024, September 17). Reimagining Education for India’s Future with Al | Sridhar G |
TEDxLakhotaLakeStudio [Video]. YouTube. https:[/www.youtube.com/watch?v=6jgJyLv3gyo

[40] The Emergence of Prompt Engineering in India: Assessing the Potential for a New Generation of Al Talent.
(2024). zenodo. https://doi.org/10.5281/zenodo.10125681

[41]The Potential of Generative Al to Reform Graduate Education. (2024). Zenodo.
https://doi.org/10.5281/zenodo.10421475

© 2024, PUIRJ | PU Publications | DOI:10.5281/zenodo.13815252 Page | 20



