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ABSTRACT - The penetration of Industry 4.0
automation and robotic technologies in the
manufacturing sector triggers a redefinition of
workforce competence requirements while
simultaneously posing the threat of structural
unemployment This study aims to analyze the
impact ofautomation adoption on the formulation
of human resource upsKkilling strategies and to
formulate a social reskilling framework for
affected workers. An exploratory qualitative
methodology based on applied grounded theory
was employed to construct empirical insights
through in-depth interviews, focus group
discussions, and field observations in
manufacturing facilities. The findings indicate that
the success of upskilling strategies depends on
integrating machine performance data into
training curricula, utilizing digital simulation
learning modules, and actively involving
supervisors as mentors. Conversely, mitigating
the threat of structural unemployment requires a
community-based social reskilling framework
involving government active social safety nets,
corporate outplacement assistance, and the
empowerment of independent digital literacy.
This study concludes that the sustainability of
Industry 4.0  transformation demands
harmonization between technological
modernization and human capital protection to
achieveinclusive and equitable economic growth.

Keywords: industrial automation, hr upskilling
social reskilling, structural unemployment,
manufacturing, workforceadaptation,industry 4.0.

A. INTRODUCTION

The escalating adoption of automation technology
and robotic systems within the Industry 4.0
ecosystem has triggered a fundamental
restructuring of the operational foundations of
global manufacturing This transformation is no
longer confined to the mechanization of repetitive
physical tasks, but encompasses the integration of
cyber-physical systems, artificial intelligence, and

big data analytics that radically alter the dynamics
of workforce qualification (Adetunla et al., 2024).
Putra and Arifin (2021) show that the adoption of
big data, artificial intelligence, and the internet of
things in supply chain management already
touches nearly every operational layer of
manufacturing, notjust the shop floor. This shiftin
the production landscape creates a double
disruption: it raises operational efficiency and
manufacturing precision, yet it also accelerates
skills obsolescence among operational workers.
Triono etal (2025) add that digitalizationreshapes
labor and task architecture in the manufacturing
sector, so thatjob roles changefaster thanworkers
can adjust to them.Schwab (2016) asserts that the
pace of Industry 4.0's digital transformation carries
an unprecedented speed and scope of impact,
demanding rapid and structured adjustment of
human resource capabilities.

Within the scope of human resource
management, this dynamic demands a
paradigm shift from conventional training
approaches toward the formulation of adaptive
upskilling strategies based on futuristic
capabilities (Vineet, 2025). Mardikaningsih and
Wardoyo (2024) note that technology plays a
central role in sustainable human resource
development, particularly through continuous
digital innovation within organizations.
Aligning manufacturing workforce
competencies with Industry 4.0 technical
requirements requires designing continuous
training programs that combine technical
understanding of robotics, operational data
analysis, and complex problem-solving skills.
Putra et al. (2024) point out that gamification-
based learning can build employee competence
while preserving cooperation and empathy
among colleagues, an approach well suited to
participatory training models. Warin and
Darmawan (2024) add that continuous
feedback in HR development helps employees
stay adaptive as technical demands shift. An
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organization's inability to proactively execute
competency engineering strategies can result in
an internal skills gap, reduce industrial
competitiveness, and trigger organizational
restructuring that leads to mass layoffs.
Darmawan (2023) states that knowledge
management can serve as a source of
competitive advantage, a principle equally
relevant for manufacturing firms seeking to
close internal skills gaps. Autor et al. (2020)
explain that the effectiveness of technology
adoption strongly depends on how well HR
investment management can match the level of
automation complexity applied on the
production line. Darmawan (2023) adds that
employee productivity in the digital era should
be measured by accounting for creativity and
innovation, not output volume alone, so that
human capital investment is assessed properly
alongside automation.

Sociologically, the wave of manufacturing
automation carries serious implications for the
threat of structural unemployment and instability
in worker social security. Mid- and low-skilled
worker groups are most vulnerable to automation
disruption because the routine tasks they perform
are increasingly easy to replace with robotic
systems (Kathirvel et al, 2024). Darmawan
(2020) notes that senior employees in particular
faceadded pressure on health and productivity as
artificial intelligence reshapes daily work
demands. Darmawan (2023) also points out that
social inclusion for older workers needs
deliberate attention whenever digital technology
is implemented within an organization. This
phenomenon triggers new social vulnerabilities,
income inequality, and potential worker
resistance toward the industrial modernization
agenda. Mardikaningsih and Wardoyo (2026)
show that organizational change strategies
addressing employee social resistance are
essential during technology-driven transitions, a
pattern that applies equally to manufacturing
automation. Social reskilling does not rest solely
on improvingtechnical capability; it also involves
psychological assistance, career adaptability, and
strengthening collective social safety nets.
Darmawan (2023) explains that remote work
arrangements affect employees' psychological
well-being and social relationships, underlining
why career adaptability programs cannot ignore
the psychological dimension of change. Frey and
Osborne (2017) show that the proportion of
manufacturing jobs at high risk of automation
requires comprehensive  social policy
intervention to preventlabor market polarization.
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This complexity is compounded by the absence
of an integrative model connecting internal
corporate HR development policy with social
impact mitigation strategies at the macro level.
Darmawan (2024) identifies six major factors
that enhance organizational effectiveness,
factors that could serve as a starting point for
building such an integrative model. Existing
training management frameworks are often
partial, focusing solely on meeting short-term
corporate efficiency needs without accounting
for thelong-term career sustainability of affected
workers. Maulani et al. (2023) observe that legal
frameworks frequently lag behind the pace of
artificial-intelligence-driven change, leaving
regulatory gaps that mirror the governance
shortfall found in corporate training policy. The
imbalance in synthesis between business
strategy and industrial social responsibility
createsa governance gap that triggers escalating
industrial conflict (Yasser & Abdelmajid, 2025).
Mardikaningsih et al. (2022a) argue that ethical
leadership shapes a positive and sustainable
organizational culture, an element that can
narrow the gap between business interest and
social responsibility. Bansen et al. (2021) reveal
that the success of digital transformation in the
manufacturing sector is largely determined by
synergy among labor regulation, management
commitment, and inclusive social adaptation
programs. Mardikaningsih et al. (2022b)
similarly find that authentic leadership fosters a
positive work climate and organizational
citizenship behavior, both of which strengthen
management commitment during periods of
technological change. Darmawan (2023) adds
that an innovation culture balancing
technological speed with humanistic thought
offers a practical direction for aligning business
strategy with workers' long-term interests.

This study aims to analyze the influence of
Industry 4.0 automation technology adoption
on the formulation and success of HR upskilling
strategies in the manufacturing industry. It also
examines the implications of automation for
structural unemploymentrisk and formulates a

social reskilling framework to support
workforce adaptability.
This research provides a theoretical

contribution to the development of human
resource management science and labor
sociology through the formulation of an
analytical framework for digital qualification
adaptation. Practically, the results of this
research present strategic guidelines for
manufacturing practitioners and policymakers
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in designing sustainable training schemes and
labor protection regulations in the era of the
Industry 4.0 transformation.

B. METHOD

To comprehensively investigate the impact of
industrial automation on labor dynamics, this
research applies an exploratory qualitative
methodologybased onaliterature review with an
applied grounded theory approach. The selection
of this methodological framework is based on the
need to construct a new theoretical
understanding regarding social upskilling and
reskilling schemes through the synthesis of
findings from various published empirical studies.
The focus of the literature search is directed
toward large-scale manufacturing companies
currently transitioning toward robotic system
automation, as documented in various research
reports and industry case studies. Saunders et al.
(2019) emphasize thatan exploratory qualitative
approach is very effective for dissecting
management and labor phenomena that are
developing rapidly amid technological disruption.

The data collection procedure was carried out
through a systematic and structured literature
search, encompassing scientific journal articles,
applied research reports, labor policy documents,
and publications from research institutions and
industry associations relevant to automation and
humanresource transformation. The researchers
explored diverse perspectives and findings
related to HR management responses to
automation adoption, including upskilling and
reskilling strategies, through the synthesis of
results from previous studies. Similarly,aspects of
industrial relations dynamics and labor union
responses were traced through narratives from
case studies and observation reports documented
in academic and policy literature. Silverman
(2020) explains that the principle of data
saturation within the scope of a literature review
is achieved when the literature search no longer
finds new significant conceptual categories or
themes, thereby ensuring analytical depth and
conceptual validity in qualitative research based
on the evolution of social phenomena.

The data analysis process applied the
systematic coding technique of Corbin and
Strauss (2015), which consists of three main
stages: open coding, axial coding, and selective
coding. All library materials were broken down
into basic concepts, grouped into categories of
cause-and-effect relationships between
automation adoption and HR management
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responses, and synthesized into a complete
conceptual framework regarding social
upskilling and reskilling strategies. Data validity
and reliability were tested through library
source triangulation instruments and cross-
examination between references to ensure the
consistency and credibility of findings across
various independent studies.

C. RESULTS AND DISCUSSION

The Influence of Industry 4.0 Industrial
Automation Adoption on the Formulation
and Effectiveness of Manufacturing Human
Resource Upskilling Strategies

The penetration of high-level automation
technology and flexible robotic systems in
manufacturing facilities triggers a fundamental
shift in the competence requirement map of
production line workers (Zhang et al,, 2025).
Buxmann and Fischer (2021) assert that the
integration of smart sensors, connected devices,
and real-time data processing transforms the
orientation of jobs from manual-physical
qualifications toward much more complex
cognitive-technical mastery. Human resource
management acts swiftly to remap job profiles
experiencing a decline in relevance due to the
automation of routine tasks. This restructuring
process requires companies to design upskilling
schemes capable of boosting workers' technical
capabilities in a measurable and sustainable
manner. The preparation of training materials
focuses on the understanding of cyber-physical
system operations, predictive maintenance, and
the ability to mitigate technical disruptions in
automated machines. The sensitivity level of
Industry 4.0 equipment demands that operators
have a deep understanding of basic programming
logic and digital information processing (Behera
et al, 2024). The effectiveness of technology
adoption heavily depends on the readiness of
personnel capabilities to operate and optimize the
new infrastructure precisely.

The implementation of upskilling strategies in
the manufacturing sector faces the challenge of
high variation in adaptation speed among
operational workers (Panagiotopoulou et al,
2025). Tortorella et al. (2020) observe that
workers with limited formal education often
face psychological and technical barriers when
confronted with digital machine interfaces.
Mardikaningsih and Darmawan (2022) find that
self-efficacy strongly predicts how well
employeesadapt to technological change, which
helps explain why some workers adjust faster
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than others. Issalillah and Hardyansah (2022)
add that the digital divide can weaken
participation and trust, a pattern also visible
among workers who feel left behind when new
systemsare introduced. Companies address this
constraint by applying blended learning
methods that combine virtual simulation with
direct mentoring on the production floor. The
use of augmented reality technology in training
modules accelerates understanding of standard
operating procedures without disrupting the
stability of the main production flow. HR
management periodically measures the level of
competency progress to ensure that all training
participants reach the minimum qualification
standard set. The success of this skills
enrichment program is reflected in the reduced
rate of machine operation errors and improved
production cycle efficiency. Building a culture of
self-directed learning in the workplace becomes
the main pillar supporting the continuity of
workers' technical qualification renewal.

The coordination pattern between the HR
development unitand the manufacturing technical
division underwent intensive strengthening during
the transition phase of Industry 4.0 automation
adoption (Lodgaard & Dransfeld, 2020).
Darmawan and Mardikaningsih (2023) explain
that flexible organizational structures improve a
company's adaptability to environmental
dynamics,a conditionthat also underlies smoother
coordination between HR and technical units
during this transition. Bonekamp and Sure (2015)
reveal that training curriculum design is no longer
based on theoretical assumptions alone, but refers
to real-needs analysis extracted directly from
machine performance data. The technical team
identifies the most frequent operational failure
areas, while the HR development unit translates
these findings into applicable instructional
modules. This interdisciplinary synergy ensures
that upskilling materials remain highly relevant to
solving real problems on the factory floor.
Problem-based training improves workers'
cognitive flexibility in facing complex systemic
disruptions (Eddine et al., 2023). This integrated
approach can reduce production downtime and
maximize the return on investment in robotic
technology. Continuous evaluation of training
impact becomes a mandatory instrument for
management in measuring the efficiency of
development budget allocation.

The formulation of digital-based upskilling
strategies directly drives the redefinition of
internal career paths for manufacturing workers.
Cimini et al. (2020) explain that workers who
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previously held manual operator positions
transition into automated system maintenance
technicians or data quality control analysts.
Mardikaningsih  (2025) notes that this
deconstruction of traditional workroles requires
HR to reconfigure flexibility and employer
branding so that new job identities remain
attractive and clearly defined. This change inrole
is accompanied by increased job responsibility
and adjustment of the compensation structure
based on new competency levels. Companies
design structured internal certification schemes
to give formal recognition to workers' digital
qualification achievements (Darmawan, 2024).
The presence of clear career incentives increases
workforce motivation to participate in long-
duration training programs. This job transition
strengthens the organization's resilience
structure in facing future technological change
dynamics. Regular updates to job descriptions
ensure that every individual understands their
specific contribution to the company's
operational efficiency targets.

The impact of automation adoption on upskilling
effectiveness is also reflected in improved
occupational safety and health aspects within the
manufacturing environment. Pfeiffer (2017)
states that shifting high-risk physical tasks to
robotic arms significantly reduces work accident
and occupational disease rates. Khayru (2022)
notes that artificial intelligence has shown
transformative power in improving safety and
monitoring outcomes in other sectors, a pattermn
also emerging as manufacturing adopts Al-
supported safety systems. Training programs
focus on mastering safe interaction procedures
between humans and robots (cobots) in shared
workspaces. Workers are equipped with an
understanding of safety sensor limits, emergency
stop mechanisms, and routine maintenance
protocols.Issalillah and Khayru (2025) argue that
mental health should be treated as an
organizational construct, meaning work
environment design needs to be strategically
reoriented as physical risk decreases and
attention shifts toward mental workload. The
reduction in physical risk level gives workers
room to shift their attention focus to supervisory
tasks that require in-depth analysis (Darmawan et
al, 2020). Production facility management
recordsadecrease in health insurance claimsand
an increase in work attendance rates after the
integration of automation systems accompanied
by comprehensive safety upskilling.

The effectiveness of upskilling strategies is
measured using a quantitative indicator in the
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form of overall equipment effectiveness. The
World Economic Forum (2020) reports that
manufacturing facilities that integrate robotic
adoption with structured training schemes
achieve productivity increases of up to thirty
percent. Issalillah and Khayru (2026) note that
acceptance of Al-based systems depends heavily
on governance and user trust, a condition equally
relevant when workers are asked to rely on
automated performance data. Workers who have

undergone skills renewal are able to
independently adjust machine parameters
without waiting for senior technician

intervention. This operational independence
cuts rework time for defective products and
significantly reduces raw material waste.
Management gains greater flexibility in
arranging work shift schedules and handling
mass-customization product order variations.
The success of skills enrichment accelerates the
achievement of operational efficiency targets and
strengthens the company's competitive position
in the global market (Miguel et al., 2023).

Manufacturing HR upskilling strategy requires
adjustment to the internal training support
infrastructure of thecompany. Bansenetal. (2021)
explain that management allocatesa special budget
to build digital simulation laboratories and provide
industrial modeling  software licenses.
Mardikaningsih, Hariani,and Nuraini (2026) show
that gamification in digital application-based
training can foster awareness and sustain
operational systems, an approach that fits well
within these self-directed training facilities. The
availability of independentpractice facilities allows
workers to test machine programming without
risking damage to real production equipment.
Investment in technology-based learning tools
drastically shortens the workers' learning curve
within a relatively short time. Companies also build
strategic partnerships with local vocational
education institutions to align graduate
competency standards with industry needs. This
external collaboration streamlines the recruitment
process for new workers who already have basic
readiness to operate Industry 4.0 technology.
Strengthening the learning ecosystem creates a
sustainable digital talent supply chain for the
organization (Hearn et al., 2023).

Leadership dynamics at the production line
supervisor level play a crucial role in ensuring the
successful implementation of upskilling programs.
Autor etal. (2020) underline thatmiddle managers
are required to shift from an authoritarian
leadership style toward the role of facilitator and
learning mentor fortheir subordinates. Darmawan,
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Gardji, and Da Silva (2023) find that management-
employee work relations are shifting substantially
in multinational companies amid literacy-based
digitalization, reinforcing the need for supervisors
to adopt this more participatory role. Supervisors
regularly provide constructive feedback on
workers' daily performance after training, Open
communication channels between managers and
operators help identify competency weaknesses
early before they negatively affect product quality.
Companies hold special leadership training
programs to equip supervisors with change
management and performance mentoring skills.
Adaptiveleadership support createsa conducive
work atmosphere for optimal individual
potential development amid technological
disruption (Hall & Elshennawy, 2024).

The implementation of upskilling strategies
produces positive impacts in the form of
increased job satisfaction and retention of
talented workers in the manufacturing sector.
Schwab (2016) states that workers feel valued
by the organization when the company
consistently invests resources in enriching their
skills. Darmawan and Mardikaningsih (2022)
add that positive psychological factors
strengthen  employee engagement and
commitment to work tasks, which helps explain
why well-supported training builds lasting
loyalty. A sense of career security reduces the
turnover rate among critically qualified worker
groups. The presence of intelligent technology
accompanied by competency renewal makes
manufacturing jobs perceived as more
attractive and prestigious for the younger
generation. Darmawan, Mendonca, and Isaac
(2022) note that managing corporate
reputation well, including through a positive
digital image, helps make such jobs even more
appealing to prospective young workers.
Companies can reduce high external
recruitment costs by empowering existing
internal potential. High workerloyalty becomes
an intangible asset that is very valuable in
maintaining  the company's long-term
operational stability (Darmawan et al., 2020).

Comparative analysis shows that
manufacturing companies that ignore upskilling
strategies =~ while  adopting  automation
experience a decline in operational efficiency
due to high internal resistance. Frey and
Osborne (2017) prove that the absence of
structured training programs triggers worker
rejection of new machines due to fear of jobloss.
Automation policies imposed without skills
enrichment lead to passive sabotage, declining
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work morale, and a high rate of equipment
damage due to misuse. Management realizes
that even investment in the most advanced
technology will be futile without support from
ready human capability to operate it. Successful
digital transformation requires a harmonious
balance between hardware modernization and
human capital development. This experience
confirms the importance of positioning
upskilling strategy as a core componentin every
new industrial technology acquisition plan.

The Implication of Automation Adoption for
Structural Unemployment and the
Formulation of Labor Social Reskilling
Strategies

The adoption of high-speed automation and
robotic technology in manufacturing production
chains triggers a shift in the labor requirement
map that leads to the threat of structural
unemployment. Acemoglu and Restrepo (2020)
identify that the substitution of machinery for
routine repetitive work significantly decreases
the absorption of low-skilled labor. The mismatch
between the qualifications possessed by affected
workers and the new skill specifications required
by the industry creates a chasm thatis difficult to
bridge in the short term (Gao etal., 2023). Manual
assembly line workers lose their bargaining
position because machine efficiency is considered
more economical by company management. Such
conditions trigger gradual layoffs that impact the
increase in hidden unemployment rates in
industrial areas. This situation demands planned
intervention to prevent a decline in the economic
welfare level of the workers.

The escalation of structural unemployment due
to technological disruption brings further
impactin the form of psychosocial vulnerability
for manufacturingworkers eliminated from the
production system. Arntz et al. (2017) find that
the sudden loss of livelihood triggers financial
anxiety, declining self-confidence, and potential
domestic conflict within workers' families.
Arifin and Darmawan (2021) note that bridging
the digital skills gap is essential for opening new
employment opportunities, a step particularly
needed by workers who lose access to their
main livelihood. The absence of a clear career
transition guarantee worsens public perception
of the industrial modernization agenda carried
out by the government and corporations. Senior
workers face the heaviest barriers in adapting
independently due to their limited capacity to
learn new things (Das, 2024). This widens
welfare inequality between community groups
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in manufacturing hub regions. Social risk
management becomes urgent to formulate in
order to mitigate the destructive impact of
massive industrial automation.

The formulation of social reskilling strategy
emerges as a mitigation instrument connecting
industrial efficiency interests with the survival of
workers affected by termination of employment.
Korber (2019) explains that social reskilling is not
limited to equipping workers with new technical
skills, but includes strengthening emotional
adaptability capacity and communal networks.
Darmawan (2025) adds that job redesign in the
automation era requires digital workforce
competencies that go beyond technical mastery,
aligning well with this broader view of reskilling,
Darmawan (2024) further notes that strategies to
strengthen employee knowledge and engagement
remainrelevant evenin automated routine work,
supporting workers' emotional adaptability
during this transition. Training programs are
designed inclusively by considering the
sociological background and local potential of the
areas where workers reside (Chopra & Soni,
2024). Technology-appropriate entrepreneurship
skills training becomes one alternative option to
open new livelihood opportunities outside the
formal manufacturing sector. This approach
facilitates a more dignified worker career
transition process withoutfeeling discarded from
economic growth dynamics. Synergy among
government, industry, and social institutions
becomes an important foundation determining
the success of such adaptation schemes.

Government involvement in facilitating social
reskilling strategy is realized through the
provision of deconcentration funds and the
development of integrated community job
training centers. Eurofound (2018) emphasizes
the importance of the state's role in providing
an active social safety net to accompany the
skills reorientation process for informal and
formal workers (Mood et al., 2025). Amsyari et
al. (2026) show that EdTech-based educational
management in remote areas can drive social
justice transformation, a principle applicable to
how government training centers should be
designed for underserved manufacturing
regions. Government-owned job training
centers design adaptive curricula that adjust to
local labor market needs and digital economy
trends. Competency certification schemes are
given free of charge to participants who
successfully complete all training stages.
Financial support during the training transition
period helps maintain the purchasing power
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stability of workers' families who are losing
their main job. This public intervention scheme
effectively suppresses the growth rate of open
unemployment in automation-affected regions.

Manufacturing companies have a corporate social
responsibility to provide fair severance and
career assistance packages before executing
termination of employment policies. Agrawalet al.
(2019) show that delegating social responsibility
through outplacement programs smooths the
company's organizational structure adjustment
process. Barzani et al. (2022) note that applying
sustainable supply chain management principles
alongside corporate social responsibility
improves operational performance, an
orientation that should also extend to how
companies treat workers during layoffs.
Companies collaborate with independent career
consulting institutions to provide psychological
guidance, resume improvement, and new job
vacancy information channels. This proactive step
minimizes the potential for waves of protestfrom
labor unions and maintains the company's
positive public image (Sereda & Kravchenko,
2024). Affected workers gain room to evaluate
their potential and determine a realistic new
career direction. A well-controlled work
transition creates a conducive industrial relations
climate amid technological change dynamics.

Labor unions hold a strategic role as
communication and consolidation facilitators in
implementing social reskilling programs for their
members. Vandaele (2018) argues that collective
bargaining between labor unions and
management can produce a fairer and more
humane digital transition governance agreement.
Darmawan and Gardi (2024) note that digital-
oriented leadership fosters operational efficiency
and team collaboration, qualities that also support
more constructive negotiation between unions
and management during this transition. Labor
unions establish crisis centers and independent
assistance poststo inventory the specificneeds of
members threatened with termination of
employment. Through internal consolidation,
labor unions can channel members' aspirations
regarding the types of social reskilling training
most needed (Berge & Lippényi, 2025). Active
involvement of labor organizations in designing
career recovery schemes increases members'
sense of ownership and participation motivation.
Strategic partnership between unions and
employers becomes the key to creating a fair
social compromise.
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Strengthening community-based digital literacy
becomes an important component in supporting
the smooth implementation of social reskilling
strategy forlow-educated workers. Manyika et al.
(2017) underline that mastery of basic digital
applications makes it easier for workersto access
micro markets independently after being
eliminated from factories. Da Costa, Darmawan,
and Isaac (2022) notethat social mediainteraction
shapes how individuals perceive themselves and
their surroundings, a dynamic also relevant when
affected workers form new self-perceptions and
networks after job loss. Learning modules are
designed simply using interactive media that is
easy for senior worker groups tounderstand. Local
communities function as social interaction spaces
to share information on business opportunities and
moral support among fellow affected workers. The
formation of digital-based communal cooperatives
facilitates initial capital for independentbusinesses
started by reskilling program alumni. Economic
independence built at the local level strengthens
community social resilience against future
technological disruption shocks.

The integration of an interdisciplinary approach
in social reskilling programs raises the success
rate of profession transition for workers
affected by termination of employment. Rainnie
et al. (2019) explain that combining technical
skills, basic financial management, and
marketing communication produces a more
competitive  training  graduate  profile.
Darmawan (2024) adds that managing
workforce diversity strengthens innovation and
team performance, a principle that reinforces
why combining varied skill sets produces
stronger outcomes for reskilling participants.
Workers equipped with this combination of
skills have a higher business survival rate when
entering the independent sector. Periodic
evaluation of training participants' business
development is carried out by an independent
mentor team to provide solutions to field

constraints.  This continuous assistance
prevents early business failure that could
trigger psychological  despair among

participants (Atarodi et al., 2024). Successful
profession transition creates new success
stories that inspire other affected workers.

The dynamics of the digital labor marketopen new
opportunities for affected workers to enter the gig
economy ecosystem as independent freelancers.
Graham et al. (2017) observe that the flexibility of
digital platforms allows former factory workers to
utilize their technical skills independently.
Mardikaningsih et al. (2024) note that digital
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monitoring affects employee work autonomy and
professional responsibility, a consideration
equally relevant for former factory workers now
managing their own work independently on
digital platforms. Social reskilling programs guide
participants to understand how to offer technical
repair, machine maintenance, or logistics services
through location-based applications. The use of
digital platforms expands the market reach for
offered services without requiring large physical
business premises capital. This new work pattern
provides adequate income alternatives to meet
daily living needs. Adaptation toward a flexible
work model requires continuous assistance so
that workers do not fall into a new type of work
vulnerability (Soulthoni et al., 2025).

Regional industrial restructuring policy must
align automation adoptionplans with the regional
economic development roadmap. Neefe et al.
(2020) recommend forming a regional
stakeholder forum bringing together local
government, business owners, academics, and
community representatives. Mardikaningsih,
Wardoyo, and Hariani (2024) show that digital-
based HR development policy drives sustainable
collaborative product and service innovation, a
principle that fits how this stakeholder forum
should function in mapping new economic
sectors. This forum is tasked with mapping the
potential of new economic sectors capable of
absorbing the labor surplus from the automated
manufacturing sector. Careful planning allows the
labor relocation process to proceed gradually
without causing a sudden local economic shock.
Tax incentives are given to companies that
actively fund social reskilling programs for
communities around their operational areas
(Culabaetal.,, 2023). This policy synergy createsa
balance between technology acceleration and
equitable social welfare distribution.

Overall, the success of handling the threat of
structural unemployment due to Industry 4.0
automation strongly depends on the collective
commitment of all elements of the nation.
Nuvolari et al. (2021) conclude that automation
not balanced with a strong social reskilling
strategy risks triggering a decline in the working
class's quality of life. Darmawan (2024) adds that
technology can either promote or hinder gender
equality in the workplace, underlining why
fairness must remain a deliberate design choice
rather than an automatic outcome of
technological progress. Prioritizing humanistic
values in every technology transformation policy
is anabsolute prerequisite for achieving equitable
development. Social reskilling strategy can tum
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the threat of disruption into a momentum for
broad human resource capacity renewal. Long-
term partnership among stakeholders ensures
that the progress of industrial technology can be
enjoyed fairly by all levels of society without any
group being sacrificed.

D. CONCLUSIONS

The integration of Industry 4.0 automation
technology and robotic systems in the
manufacturing sector transforms the structure of
labor qualifications and drives the need for the
formulation of structured human resource
upskilling strategies. The effectiveness of
technology adaptation on an industrial scale
heavily depends on worker capability readiness,
the alignment of training curricula based on
machine performance data,and the establishment
of an inclusive digital learning environment. The
adjustment of training schemes that are
responsive to the operational needs of the
production floor boosts equipment efficiency,
reduces the rate of operational failures, and
maintains the stability of the company's
competitiveness amid technological disruption.

The implications of this study affirm that the
acceleration of industrial automation that is not
balanced with the mitigation of social impacts
has the potential to trigger structural
unemployment problems and psychosocial
vulnerability in affected worker groups. The
decline in the absorption of low-skilled labor
demands a transformation of theroles of human
resource management, labor unions, and the
government from mere administrative
managers into facilitators of humane career
transitions. The uncertainty in the direction of
competence engineering and social protection
policies can widen community welfare
inequality in industrial center regions and
trigger a wave of resistance against the
manufacturing modernization agenda broadly.

To maintain a balance between industrial
efficiency acceleration and worker social safety, it
is recommended for manufacturing company
management to consistently allocate human
capital developmentbudgets that integrate digital
technical training with structured certification
programs. The government and regulatory
agencies need to establish active social safety net
schemes, provide free reskilling training facilities
based on local economic potentials, and provide
incentives for corporations that fund affected
worker career transition programs. Labor unions
and civil society organizations are encouraged to
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increase active involvement in digital transition
governance negotiations and strengthen
community mentoring networks based on the
enhancement of digital literacy.
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