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Abstract- The resurgence of U.S. manufacturing
hinges on more than technological innovation or
capital investment, but on cultivating a skilled,
adaptable, and future-ready workforce. This paper
examines the strategic imperative of workforce
development in the context of a shifting industrial
environment where automation, demographic
changes, and global competition are reshaping talent
needs. Drawing on policy frameworks, real-world
case studies, and collaborative models, the analysis
explores how targeted recruitment strategies, public—
private partnerships, and HR technologies are being
employed to close critical skills gaps. Particular
attention is given to the effectiveness and scalability
of these interventions, revealing both promising
outcomes and persistent structural challenges,
including inconsistencies in credentialing, state-level
policy fragmentation, and inequitable access to high-
quality training. Through the integration of
workforce analytics, competency mapping, and tech-
enabled learning systems, this paper underscores the
need for a nationally coordinated, HR-driven
workforce strategy. It concludes with policy
recommendations emphasizing expanded
investment,  cross-sectoral  collaboration, and
systemic innovation. Ultimately, the article affirms
that workforce development is beyond peripheral
concern but a central determinant of U.S.
manufacturing's long-term viability and global
competitiveness.
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Manufacturing,  Skills  Gap, Public-Private
Partnerships, HR Technology, Apprenticeship
Programs, Talent Pipelines, Labor Policy, Strategic
Workforce Planning, Credentialing Standards,
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l. INTRODUCTION

The U.S. manufacturing sector is undergoing a
profound transformation that is driven by fast-
changing technological advancements, automation,
and evolving global supply chains (Sergio, 2025).
Once dominated by manual labor and repetitive tasks,
modern manufacturing increasingly relies on digital
technologies such as artificial intelligence (Al),
robotics, additive manufacturing, and advanced data
analytics. This shift has redefined job roles and skill
requirements, leaving many employers struggling to
find qualified talent. A 2024 Deloitte and The
Manufacturing Institute report highlights that the U.S.
manufacturing industry may require up to 3.8 million
jobs between 2024 and 2033 due to continued
investment-driven growth, but without workforce
solutions, 1.9 million positions could remain unfilled
(Deloitte, 2024). This phenomenon, widely referred to
as the “skills gap,” reflects the disconnect between the
skills employers need and those possessed by the
available labor pool. Rikala et al. (2024) describe a
skill gap as the mismatch between the skills employers
need and those employees possess, highlighting its
impact on workforce readiness and organizational
performance.

The skills gap is not a uniform deficiency but a
complex and evolving challenge that encompasses
technical skills, digital literacy, problem-solving
capabilities, and adaptability. It is particularly acute in
sectors reliant on precision, automation, and
continuous innovation. As reported by Deloitte and
The Manufacturing Institute, 65% of surveyed
manufacturers identified attracting and retaining a
quality workforce as their top business challenge
(Deloitte, 2024). The manufacturing skills gap poses
significant economic risks, with nearly 600,000
unfilled jobs as of June 2023 and projections
indicating up to 2.1 million vacancies by 2030,
potentially costing the U.S. economy $1 trillion that
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year alone (Geiger et al., 2024). The manufacturing
skills gap could lead to significant economic
consequences by the end of the decade, including lost
productivity, delayed production, and missed
innovation opportunities.

Amid these challenges, the role of Human Resources
(HR) is of great importance as it operates as a central
to addressing workforce readiness. Far beyond
traditional hiring functions, HR is now tasked with
strategic  workforce planning, talent pipeline
development, and creating organizational cultures that
support continuous learning and adaptability. HR is
shifting from an administrative role to a strategic
business partner, requiring professionals to manage
workforce complexities while shaping organizational
strategies that align with corporate goals (Ayanponle
etal., 2024). HR professionals are uniquely positioned
to bridge the divide between emerging industry
demands and existing workforce capabilities by
collaborating with educational institutions (Sandeep,
2023), leveraging data analytics for workforce
planning (Alabi et al.,, 2024), and investing in
upskilling and reskilling initiatives (Ajayi & Udeh,
2024).

This paper argues that HR-driven strategies can
substantially reduce the manufacturing skills gap in
the United States by implementing targeted training
programs, aligning talent development with future
industry needs, and allowing collaborative
partnerships across sectors.

1. UNDERSTANDING THE SKILLS GAP IN
U.S. MANUFACTURING

The skills gap in American manufacturing is rooted in
decades of structural and economic change. Beginning
in the late 20th century, the U.S. economy shifted from
an industrial base toward service- and knowledge-
oriented industries, a transformation widely referred to
as deindustrialization. Manufacturing employment,
which accounted for 22% of total nonfarm
employment in June 1979, declined to just 9% by June
2019, coinciding with substantial job growth in sectors
such as business services, education, health, and
hospitality (Harris, 2020). At its peak in 1979,
manufacturing employed nearly 20 million workers;
by 2024, that number had fallen significantly as
automation, offshoring, and broader post-industrial
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economic trends redefined labor demand (Jacobs,
2024). This decline not only reduced job quantity but
also eroded key domestic skill-building institutions,
including union-led apprenticeships and industrial
training pipelines. Concurrently, the American
education system increasingly emphasized four-year
college degrees and white-collar career pathways,
marginalizing vocational and technical training and
further constricting the supply of skilled labor. As
Peter (2023) argues, regulatory, demographic, and
occupational dynamics have compounded these
trends, requiring workforce development providers to
adopt targeted strategies and foster cross-sector
collaboration to close the technical skills gap

Today, the impact of this historical shift is
compounded by acute labor shortages. As of early
2024, over 600,000 job openings in manufacturing,
many of which remain unfilled due to a lack of
qualified candidates (U.S. Chamber of Commerce,
2025). A survey by Ultimate Kronos Group found that
76% of more than 300 manufacturers reported skilled
labor shortages negatively affecting their profitability
in 2023, with 35% describing the impact as severe
(Bhattacharyya, 2023).

Factors contributing to the skills gap

The aging workforce is a significant contributor to
skilled labor shortages, as experienced professionals
retire faster than younger workers can fill their
positions, creating gaps in expertise and productivity
across industries. The median age of manufacturing
workers is 44.3 years, higher than the overall national
workforce average, with a large segment nearing
retirement (BLS, 2025). As experienced workers exit
the labor force, insufficient numbers of younger,
trained replacements are available.

Technological innovation is another important driver
of industry transformation, enabling automation,
efficiency, and new business models while also
reshaping workforce demands and skill requirements.
The integration of Industry 4.0 technologies such as
robotics, Al, and the Industrial Internet of Things
(l1oT) has redefined job roles, requiring hybrid skill
sets that blend mechanical expertise with software and
data competencies (Ryalat et al., 2024). However,
traditional training programs have struggled to keep
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pace with this evolution, creating a mismatch between
education and employer needs (Eric & Alice, 2025).

Also, over the past two decades, even as the demand
for technically skilled labor has surged. According to
the Digest of Education Statistics, 2019, there was a
sustained decrease in secondary-level student
participation in career and technical education (CTE)
programs throughout the 2000s (National Center for
Education Statistics, 2021). Furthermore, NCES data
show that CTE enrollment declined by over 10%
between 2008 and 2019, underscoring the widening
gap between labor market needs and educational
pathways (National Center for Education Statistics,
2022). This decline is attributed more than funding and
policy challenges but also to entrenched perception
issues, Manufacturing continues to be viewed by many
young Americans as low-wage, unstable, and lacking
career advancement opportunities, despite significant
improvements in compensation, workplace safety, and
technological innovation

Regional disparities further complicate skill shortages,
as variations in economic conditions, educational
access, and industry concentration create uneven
workforce challenges across different areas. While
some areas, such as the Midwest and South, have
dense concentrations of advanced manufacturing, their
workforce  development resources are often
insufficient or unevenly distributed (Szurkowski &
Walstrum, 2020). However, this industry-specific
shortages vary widely, with sectors such as aerospace,
electronics, and precision machining facing acute
deficits in specialized technical roles.

Ill.  STRATEGIC HR APPROACHES TO
WORKFORCE DEVELOPMENT

A. Reskilling and Upskilling Programs

In-house corporate training is a fundamental criterion
for manufacturers aiming to bridge the skills gap.
Training empowers employees to acquire new skills,
refine existing ones, boost performance, enhance
productivity, and develop leadership capabilities,
ensuring both individual growth and organizational
success (Khadse et al., 2022). This is achieved by
developing special planned training programs that
allow companies to address specific skill deficiencies
within their workforce. The Advanced Manufacturing
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Apprenticeship Program (AJAC) in Washington State
offers employers a structured approach to train
employees, combining classroom instruction with on-
the-job training, leading to improved ROl and
productivity. In 2024, the advanced manufacturing
industry supported 96,500 registered apprentices,
marking a 27% increase over the past five years,
highlighting a growing emphasis on workforce
development and technical skill training (AJAC,
2024).

A notable example is the collaboration between the
U.S. Department of Commerce and various
stakeholders to promote registered apprenticeship
programs. To register an apprenticeship, a sponsor
applies to the relevant agency (DOL or SAA),
including a work process schedule outlining the
competencies the apprentice will learn through on-the-
job training and related instruction (Collins, 2025).
The U.S. Department of Education recently introduced
the "Raise the Bar: Unlocking Career Success"
initiative, an Administration effort backed by the
Departments of Commerce and Labor to expand
access to high-quality training programs for young
Americans entering today’s in-demand fields. The
initiative is designed to strengthen the connection
between K-12 education, postsecondary education,
and workforce development, bolstered by over $120
billion from the American Rescue Plan and additional
Perkins funding. By broadening access to skills-based
learning pathways, such as Registered
Apprenticeships in  sectors like  advanced
manufacturing, automotive, and cybersecurity, the
Administration is preparing the next generation for
high-paying jobs created by recent legislative efforts
like the Bipartisan Infrastructure Law and CHIPS and
Science Act (U.S. Department of Commerce, 2022).
These programs have successfully provided young
individuals with quality jobs while supplying
employers with skilled, entry-level employees.

Case Study: Siemens SiTecSkills Academy — A
Scalable Model for Workforce Reskilling

To address acute skills shortages driven by
digitalization and demographic change, Siemens
launched the SiTecSkills Academy in 2022 as a
scalable reskilling platform targeting its workforce
and external partners. Designed to build competencies

ICONIC RESEARCH AND ENGINEERING JOURNALS 1530



© MAY 2025 | IRE Journals | Volume 8 Issue 11 | ISSN: 2456-8880

in Al, 10T, robotics, and sustainability, the academy
combines modular digital training with in-person
instruction, offering flexible formats and certification-
aligned programs. Crucially, Siemens integrates a
blended financing model that leverages Germany’s
Qualification Opportunities Act to co-fund reskilling
through public subsidies, with nearly 90% of program
participants benefiting from this support. As of 2024,
the initiative has reached over 24,000 learners, with a
nearly 100% reintegration rate into stable employment
and approximately 40% female participation,
highlighting its inclusive and results-driven design.
Through strategic collaboration with universities,
training partners, and local employment agencies,
Siemens has demonstrated how large employers can
build sustainable talent pipelines while supporting
national workforce goals (World Economic Forum,
2024).

Use of E-Learning, VR/AR Simulations, and Modular
Training Models

The integration of immersive technologies like Virtual
Reality (VR) and Augmented Reality (AR) into
training programs has also reshaped workforce
development. According to Aussama et al. (2021), VR
simulation—especially when combined with haptic
feedback, offers an innovative, safe, and repetitive
training modality that supplements both technical and
non-technical skills acquisition, facilitates deliberate
practice with built-in auto feedback to address staff
shortages, and requires an in-depth understanding of
cognitive learning theory to maximize its
effectiveness. Companies such as BMW utilize digital
twins and simulation technologies to optimize factory
design and production processes, enhancing efficiency
and reducing errors (BMW Group, 2024). the
convergence of Al with AR/VR technologies is
transforming corporate training methods, offering
engaging and effective learning experiences Also, E-
learning uses digital media and web-based
technologies to deliver educational content—such as
courses, tutorials, videos, and interactive modules—
that enables flexible, scalable, and cost-effective
industrial training by allowing learners to study at their
own pace while engaging with multimedia elements
that enhance retention (Singhaphandu & Pannakkong,
2024).
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Measuring ROI on Workforce Development

Assessing the return on investment (ROI) of training
programs is crucial. Robust ROI analysis drives
informed  decision-making,  strategic  resource
allocation, and continuous enhancement of training
initiatives to achieve maximum output with minimal
resources, thereby fueling sustainable growth and
success (Suresh et al., 2024). Immersive learning
technologies boost employee confidence, reduce
costs, and deliver real-world results. Arulsamy et al.
(2023) emphasize that while training equips
individuals with the skills needed for their current
roles, development enhances their adaptability and
capabilities for future positions, collectively fostering
a learning culture that drives continuous improvement
and knowledge-sharing within an organization. ROI
assessment measures the effectiveness of training
programs, ensuring they align with organizational
objectives and deliver tangible, measurable results that
drive business success and workforce development.

B. Recruitment and Talent Pipeline Strategies

To address ongoing labor shortages and ensure a
future-ready  workforce, manufacturers  are
implementing targeted strategies to broaden their
talent pipelines. One approach involves inclusive
outreach to underrepresented groups such as veterans,
women, and individuals with disabilities through
virtual career fairs, affinity partnerships, and Al-
driven sourcing platforms that prioritize diverse
candidate pools. A review from HRLineup (2024)
highlights that organizations prioritizing
underrepresented talent not only fulfill diversity
quotas but also foster an inclusive culture where
employees feel valued, enhance their reputation,
attract top talent, broaden customer appeal, and drive
innovation. Concurrently, companies are rebranding
manufacturing as a dynamic, technology-driven sector
by highlighting innovation, sustainability efforts, and
career growth opportunities as an effort supported by
employer branding platforms that tailor messaging to
modern job seekers. Kargas and Tsokos (2020)
highlight a positive correlation between employer
branding and the strengthening of a company's
reputation, suggesting that strategic branding efforts
can enhance organizational credibility and
attractiveness. Harshita (2025) emphasizes that
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organizations prioritizing authentic, employee-centric
branding are more likely to attract and retain high-
performing technology professionals, especially in a
competitive labor market. Structured apprenticeship
and internship programs, such as those supported by
the Manufacturing Pipeline Initiative (MPI), have
proven effective in preparing job-ready talent through
hands-on training aligned with industry needs
(Connecticut State Community College, 2025). To
reach younger generations, particularly Gen Z,
manufacturers are also expanding their digital
presence on platforms like TikTok, Instagram, and
LinkedIn, using authentic, employee-generated
content to showcase real workplace experiences and
attract tech-savvy applicants (Rodrigues & Martinez,
2020; EI-Menawy & Saleh, 2023).

IV. COLLABORATIVE MODELS FOR
TALENT DEVELOPMENT

A. Public—Private Partnerships

Collaborations between businesses and educational
institutions are increasingly addressing critical
workforce skill gaps. One notable example is the
partnership between Kirkwood Community College
and lowaWORKS, which recently expanded its
workforce services by uniting programs at a new hub
in Cedar Rapids, housed in the former Ruffalo Noel
Levitz building. This facility now serves as a center for
adult basic education, continuing education, and
workforce development initiatives (KCRG, 2025).
Similarly, Edison State Community College has joined
forces with companies such as Hobart Service and
Nidec Minster to award academic credit for company-
led technical training, allowing workers to transition
smoothly into associate degree programs in advanced
manufacturing systems (Edison State Community
College, 2024). These partnerships often involve co-
designed curricula to align with current industry
demands, creating direct job placement pipelines for
graduates. Federal programs like the Workforce
Innovation and Opportunity Act (WIOA) further
support these efforts by providing grant funding for
training and employment initiatives. Originally
enacted in 2014, WIOA remains the cornerstone of
U.S. federal workforce development policy,
streamlining coordination among employment and
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training programs across states (Congressional
Research Service, 2022).

B. Government and Policy Incentives

Federal and state governments have implemented a
range of policy instruments to bolster workforce
development. In addition to the Workforce Innovation
and Opportunity Act (WIOA), which provides funding
for employment, training, and support services,
several other initiatives play key roles in aligning labor
market needs with talent development strategies
(Congressional Research Service, 2022). One such
initiative is the U.S. Department of Labor’s Workforce
Development Solution, which aids employers by
recruiting, screening, and referring job seekers,
hosting job fairs, providing workforce data, and
supporting veteran hiring efforts (U.S. Department of
Labor, 2023). These programs help companies access
underutilized labor pools while also offering office
space and integrated training solutions to improve
hiring outcomes.

Recent policy trends reflect a shift toward sector-
specific training programs rather than traditional
population-targeted models. As Altman and Schrag
(2025) note, modern workforce policies increasingly
emphasize hands-on training and practical experience,
moving beyond conventional classroom education.
They recommend expanding successful state-level
models, increasing support for apprenticeships, and
simplifying federal and state initiatives to better meet
employers’ needs. A prominent example of this shift
is the widespread adoption of skills-based hiring. Over
half of U.S. states have now eliminated degree
requirements for numerous roles, resulting in a
measurable increase in job postings open to non-
degree holders (National Governors Association,
2024). This addresses talent shortages and promotes
workforce diversity and equity. To strengthen
alignment  between  workforce policies and
organizational human resources strategies, companies
are encouraged to actively participate in these
programs. This includes identifying and leveraging
available incentives such as grant funding, tax credits,
and education subsidies to build more sustainable and
inclusive talent pipelines.
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V. HR TECHNOLOGY AND DATA-DRIVEN
WORKFORCE PLANNING.

The integration of technology and data analytics into
workforce planning is transforming how organizations
manage talent. Fanisi et al. (2024) highlight that HR
analytics can transform evidence-based HRM,
optimize resource allocation, and align HR strategies
with business goals, investing in metrics and analytics
crucial for maintaining competitiveness in a constantly
evolving corporate environment. This allows
companies to align human capital strategies with
business objectives more effectively. Workforce
analytics platforms allow HR professionals to analyze
trends related to employee performance, turnover, and
engagement, offering actionable insights that support
proactive planning rather than reactive problem-
solving. Bibi and Ali (2024) emphasize that by
transforming data into actionable insights, HR
analytics enables organizations to build a more
resilient, performance-driven  workforce  while
effectively minimizing turnover rates.

A critical component of this transformation is skills
mapping and competency gap analysis. Tools such as
Eightfold Al and Degreed enable employers to assess
existing skill sets across the workforce and identify
gaps relative to future needs (Eightfold Al, 2024,
Degreed, 2023). This capability allows for more
targeted upskilling and reskilling initiatives, ensuring
that employees remain adaptable in the face of shifting
market demands. The World Economic Forum (2023)
projects that 44% of workers’ core skills will change
by 2027, making dynamic skills mapping essential for
organizational resilience.

Predictive modeling further strengthens workforce
planning by enabling talent demand forecasting based
on historical data, business growth projections, and
market conditions (Alabi et al., 2024). Using Al and
machine learning, platforms such as Visier and
Workday can forecast attrition risks, future hiring
needs, and internal mobility opportunities (Visier,
2023; Workday, 2025). This foresight supports better
resource allocation, reduces recruitment lead times,
and enhances workforce stability.
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Additionally, digital platforms for continuous learning
and performance tracking, such as SAP
SuccessFactors, Coursera for Business, and LinkedIn
Learning, are instrumental in supporting employee
development and monitoring performance metrics in
real time (BMC, 2024; Syamsulbahri & Bardai, 2025).
These platforms offer personalized learning pathways
and allow organizations to assess skill acquisition and
progression against strategic goals for growth and
adaptability within the workforce.

VI. EVALUATING THE EFFECTIVENESS
AND SCALABILITY OF HR
INTERVENTIONS

Effectively  assessing  workforce  development
initiatives requires clear, consistent metrics that
measure improvements in workforce readiness,
training outcomes, and employment transitions. Key
performance indicators (KPIs) evaluate a company’s
performance by comparing its achievements against
predefined targets, strategic objectives, or industry
benchmarks (Twin, 2025). These include certification
completion rates, job placement rates, retention over
time, wage growth, and productivity gains. Programs
that align training outcomes with employer demand,
particularly those emphasizing industry-recognized
credentials, tend to yield higher employment and
retention rates, particularly in sectors like
manufacturing and advanced technology (Mustafa &
Llesh, 2024).

When comparing the capacity of small versus large
enterprises to deliver impactful training, notable
disparities are observed. Large organizations often
have greater financial and operational bandwidth to
build in-house training academies or co-develop
curricula with academic institutions. For instance,
Toyota’s Technician Training & Education Network
(T-TEN) offers an industry-backed, scalable model
that trains and certifies automotive technicians
through partnerships with community colleges
nationwide. This program combines classroom
instruction with real-world dealership experience,
yielding a job placement rate for its graduates (Toyota
USA, 2020). In contrast, small and mid-sized
businesses frequently depend on regional workforce
development boards, Such as the apprenticeship
programs or third-party providers, due to limited
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internal infrastructure (Patterson, 2022; Miramar,
2023).

Scalability is further demonstrated in Siemens’
apprenticeship model in the U.S., which mirrors
Germany’s dual-training approach. Germany's Dual
Vocational Education and Training (VET) system, a
highly regarded apprenticeship model, has a long-
standing history of success and continues to gain
popularity as an effective pathway into the workforce
(Elliott & Farnbauer, 2021). Siemens partners with
high schools and community colleges to provide a mix
of academic education and on-the-job training in
advanced manufacturing. One such partnership is
between Business in the Community (BITC) member
Siemens, a German multinational conglomerate, and
Crewe University Technical College, working
together to enhance learning opportunities and skills
development in schools (Business in the Community,
2021). Through this partnership, students receive
training on software models that are seamlessly
integrated into their curriculum, equipping graduates
with the necessary skills and creating pathways for a
smooth transition into employment. At the 8th annual
SelectUSA Investment Summit on June 9, 2021,
Siemens launched its Where the Jobs Are 2021 series
to showcase nationwide training and career
opportunities, with over 2,000 job openings in the
U.S., reinforcing its investment in workforce
development, training, and apprenticeship programs
while strengthening its commitment to economic,
social, and racial justice (Siemens, 2021).

However, scaling these interventions at the national
level presents significant challenges. Differences in
state-level funding mechanisms, variation in labor
market conditions, and inconsistent credentialing
standards complicate implementation (Center for
American Progress, 2024). According to Wadhwani
Foundation (2025), risk factors include mismatched
curricula, limited employer participation in rural areas,
and inequities in access to high-quality training
facilities. The sustainability of such programs often
depends on continued public-private collaboration and
long-term policy alignment. To maximize the
effectiveness and scalability of HR interventions, a
unified framework supported by federal incentives,
employer engagement, and standardized outcome
tracking is essential.
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VII.  CONCLUSION AND POLICY
RECOMMENDATIONS

Revitalizing U.S. manufacturing requires a strategic
commitment to workforce development as a
foundational pillar. Throughout this analysis, it has
become evident that addressing workforce challenges
demands multifaceted interventions, ranging from
inclusive recruitment strategies and public—private
partnerships to the adoption of HR technologies and
data-driven workforce planning. Key insights point to
the importance of aligning educational curricula with
industry needs, ensuring scalable apprenticeship
models, and leveraging policy incentives to support
talent pipelines. In today's evolving economic
environment, workforce development is essential for
business sustainability, innovation, and
competitiveness. This can only be achieved by
investing in skills training, reskilling, and career
development. Organizations and governments can
drive economic growth, enhance social mobility, and
strengthen communities. As global supply chains shift
and domestic production is reemphasized, U.S.
manufacturing must ensure a steady pipeline of skilled
labor. National competitiveness hinges on the
country’s ability to train, attract, and retain workers
equipped with both technical and adaptive skills. This
requires a departure from fragmented, reactive models
toward a more integrated, forward-looking HR-driven
framework.

To that end, several policy recommendations must be
put in place. First, there is a pressing need to expand
federal and state funding for workforce development,
particularly in underserved regions where labor
shortages and infrastructure gaps are most acute.
Second, multi-stakeholder collaboration, which
involves  employers, educational institutions,
government agencies, and community organizations,
must be institutionalized through formal mechanisms
that promote shared governance and accountability.
Third, technology-enabled training systems should be
scaled nationally to facilitate continuous learning,
performance tracking, and predictive workforce
planning. Finally, a coordinated national strategy that
is rooted in data, equity, and long-term planning will
be essential for ensuring that U.S. manufacturing is
equipped with the talent it needs to thrive in the global
economy.
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