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Abstract

Workforce transformation is one of the most pressing challenges in the Al-driven construc-
tion industry, as traditional skilled labour roles are rapidly evolving into more interdisci-
plinary, digitally enabled positions. This study aims to investigate how Al is fundamentally
reshaping skill requirements within the construction sector, to analyse stakeholder percep-
tions and adaptive responses to workforce transformation, and to explore strategies for
optimizing construction workforce development to facilitate the critical transition from
traditional “skilled workers” to contemporary “smart talent.” It employs phenomenological
qualitative research methodology to conduct in-depth interviews with 20 stakeholders
in Chongging, and uses NVivo 14 to conduct thematic analysis of the data. The findings
indicate that Al has penetrated all areas of the construction process and is transforming
jobs to more likely be digitalized, collaborative, and multi-faceted. However, significant
cognitive disparities and varying adaptive capacities among different stakeholder groups
have created structural imbalances within the workforce development ecosystem. Based
on these key findings, a four-pillar talent development strategy is proposed, encompassing
institutional support, educational reform, enterprise engagement, and group development,
while stressing the necessity for systemic-orchestrated coordination to reimagine a smart
talent ecosystem. This study advances theoretical understanding of digital transformation
within construction labour markets, while offering real pathways and institutional contexts
for developing regions that desire to pursue workforce transformation and sustainable
industrial development in the Al era.

Keywords: construction industry; workforce transformation; talent development strategy;
sustainable development; artificial intelligence

1. Introduction

The construction industry is experiencing immense technological transformation
driven by rapid progress in artificial intelligence (AI) [1]. Al technologies are increas-
ingly embedded throughout project lifecycles, from intelligent construction and building
information modelling (BIM) systems to automated construction equipment [2]. These
technologies are redefining project management approaches and skills, making workforce
transformation one of the most pressing challenges in the construction industry [3]. Among
all occupational groups in construction, “skilled workers” appear to be the most directly af-
fected by the rise of Al technologies. Their daily tasks—once grounded in manual effort and
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experiential knowledge—are now being reshaped by machines, sensors, and digital plat-
forms. As these changes take hold, many traditional positions are gradually disappearing
or being redefined. In contrast, “smart talent”—those equipped with digital competencies,
interdisciplinary insight, and the ability to work with intelligent systems—are in growing
demand but remain scarce [4]. Facilitating the transition from skilled workers to smart
talent is thus essential for the sustainable development of the construction workforce.

Automation technologies will soon displace up to 30% of workers by 2030 in a fun-
damental transformation across global labour markets [5]. Developed economies are
addressing this transition through restructuring job roles and developing high-skill job
growth in the labour force in construction [6]. In developing countries, workers face a
contradiction within the structural workforce regarding generational divides and labour
roles across manual skill transmission skills related to under-skilled workforce capacity [7].
Uniquely, the construction industry is likely to face more considerable transformation
issues than the manufacturing or IT sectors considering the nature of labour intensity,
project-based operability, and multi-trade collaborative work types [8]. Technological
advancement continues to widen the skills gap and job loss challenges [9]. In addition,
training systems and talent pathways for professional development do not sufficiently
respond to the skills transition challenge; while those systems may be in place, there is not
a needed scale or scope of practice in the systems [10]. This challenge is critical in western
Chinese cities, such as Chongqing, where construction serves as a pillar industry and the
transition from skilled workers to smart talent is essential for the high-quality development
of the industry.

The sustainability of construction workforce transformation goes beyond simply
adjusting skills. It involves the simultaneous transformation of education systems, decent
jobs, and industrial systems—processes closely aligned to the United Nations Sustainable
Development Goals (SDGs 4, 8, 9) [1]. To optimize construction workforce structures takes
a move away from short-term job matching toward embedding environmental, social
and governance (ESG)-oriented sustainable development logic. This discursive approach
emphasizes institutional arrangements that facilitate skill transitions and social inclusion
that ultimately establishes conditions to construct intelligent building ecosystems for future
readiness [11].

Existing research has addressed talent shortages [2], skill mismatches [12], and train-
ing lags [13] within construction, but most is statistical analysis or macro policy studies.
Although prior research has explored digital transitions and skill gaps, little is known
about how Al technologies specifically influence workforce transformation processes, stake-
holder coordination, and the development of effective workforce strategies—particularly
in developing regions. This gap necessitates qualitative research approaches to systemati-
cally examine cognitive-behavioural mechanisms and institutional adaptation logic within
construction workforce structural evolution.

This study employs the construction industry in Chongqing as a representative case
and aims to analyse how Al technologies reshape skill structures and job requirements,
examine how key stakeholders understand these changes, and develop workforce devel-
opment strategies to support the transition from “skilled workers” to “smart talent.” It
addresses two research questions (RQs):

RQ1:How Al technologies reshape job configurations and skill structures within the con-
struction industry, and how do key stakeholders understand these changes?

RQ2: How should construction workforce development strategies be optimized to facilitate
effective transition from “skilled workers” to “smart talent”?

Through in-depth interviews with key stakeholders and thematic analysis, this study
integrates sustainable workforce development concepts to construct an analytical frame-
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work spanning Al technology drivers—skill structure transformation, multi-stakeholder
responses, and strategy system construction. The study proposes a construction workforce
development pathway that progresses from skill restructuring toward ecosystem coordina-
tion, aiming to enhance long-term resilience and inclusiveness within construction talent
systems. These findings contribute theoretical support and policy guidance for digital trans-
formation and human capital upgrading in developing country construction industries,
while expanding analytical perspectives for traditional industry workforce transformation
research under Al contexts.

2. Literature Review
2.1. Construction Workforce Evolution Amid Digital Transformation

BIM systems, digital twin modelling, intelligent scheduling platforms, and construc-
tion robotics have made rapid inroads into the critical phases of design, construction,
and operations [14], spurring widespread transformation from traditional ways of work-
ing to digitalized and more intelligent approaches across the construction sector [3]. A
great deal of research explores to what extent digital construction [15], intelligent build-
ing processes [16], and information management systems reshape production efficiency
and organizational structures [17]. Concurrently, this technological evolution reshapes
the ecosystem of skill structures and the composition of job roles within the construction
sector [18].

Research findings suggesting how automation will impact various occupations suggest
that technology first eliminates low- to mid-skilled occupations characterized as repeti-
tive [19,20]. In the construction sector, this process is evolving into a systemic restructuring,
involving the redefinition of job functions from frontline workers to project managers [21].
Al in construction will experience three shifts in capability requirements: first, the phase
out of low-skilled tasks, such as completing repetitive measurements as well as carry-
ing basic materials; second, an evolution of skill set growth in complex skill positions,
such as monitoring equipment, and data-driven scheduling; and third, elevated capacity
for cross-domain knowledge integration [22,23]. As functionality demands, construction
professionals will evolve beyond physical labour and experience to cross-technical under-
standing, data analysis, systems-based operations and problem solving capacities through
becoming smart talent [24]. From a labour economics perspective, construction enters
a skill transformation period characterized by coexisting “substitutive automation” and
“augmentative collaboration” [25].

Indeed, Al-driven construction skill structure transformation has shifted workforce
development from traditional single-supply models toward multi-centre collaborative
governance systems [26], as individual entities cannot independently address systematic
restructuring challenges. Governments function as institutional architects, advancing
workforce development through policy guidance, occupational standard setting, and fiscal
subsidies [27]. Enterprises serve as both technology demand drivers and job suppliers,
playing crucial roles in position restructuring and employee training [28]. Educational
institutions bear responsibility for talent pipeline development and knowledge system
construction, increasingly expected to drive curriculum reform, build interdisciplinary
competency models, and strengthen industry integration [29].

International organizations have developed multiple workforce development strate-
gies centred on training and re-education to address skill transformation challenges. The
OECD emphasizes constructing “lifelong learning mechanisms” and “skill update plat-
forms [30],” while the European Union advances digital skill standardization and cross-
national certification through its Blueprint for Sectoral Cooperation on Skills [31]. China has
prioritized “industry—education integration” and “government—enterprise collaboration,”
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gradually establishing diversified talent cultivation systems characterized by government
leadership, enterprise participation, and university support [32].

However, practice reveals that government—industry—education tripartite coordination
systems encounter persistent challenges including goal heterogeneity, resource asymme-
try, and temporal imbalances [33]. These issues create disconnections between training,
employment, and technology within workforce transformation pathways, generating in-
stitutional coordination barriers and strategic gaps [34]. Institutions of higher education
have slow responses to technological change, failing to effectively align with professions
requirements yet compounding goal dispersals and capability mismatches for workforce
development [35].

Competency profiling and skill standard systems for smart construction, and ap-
proaches for talent development, have primarily examined conceptual approaches and
expert analysis [7,36]. This work still does not adequately provide an empirical analysis
of experienced work participants such as frontline workers, educational practitioners and
project managers, and ignores their views on technological changes, the processes toward
transformation, and influencing factors such as psychological barriers to organizational
support and learning to adjust skills as they transfer. The literature consistently removes
agency dimensions within these transformation processes, enhancing the area for inquiry
and theory development in future initiatives.

2.2. Theoretical Foundations of Skill Reconstruction in the Construction Sector

Construction is fundamentally a labour-intensive industry, which has relied on systems
of experience-based skilled labour [12]. Increased project complexity and heightened
engineering standards have created structural issues with skill mismatches, talent shortages,
and lagging training [17,23]. These issues are particularly pronounced in developing
countries, where a lack of skills, low efficiency of skill transfer, and poorly developed
on-the-job training systems are evident [37]. Population aging and out-migration of youth
from the labour force have compounded these skill shortages. In fact, many countries have
recognized these skill shortages as a significant bottleneck for sustainable construction
development [38].

These intricate issues in the workforce necessitate expert theoretical frameworks to
understand the mechanisms of transformation. Although human capital theory stresses
the idea that human capital derives value from educational investment [39], it cannot
fully explain transitions in dynamic capabilities or shifts within roles in the construction
industry as impacted by technology. To close this theoretical gap, dynamic capabilities
theory [40] and organizational learning theory [41] explain how organizations come to
have exploratory learning and capability reconstruction of roles during transformations.
The concept of skill polarization [42] also predicts that, in conjunction with technology ad-
vancement, middle-skill positions will progressively further diminish while high-cognitive
and low-physical employment will increase. Collectively, these theories serve as macro-
explanatory frameworks for understanding how construction organizations perceive and
enact technological change, adjust job structures, and involve employees.

Based on these frameworks, perspectives in organizational learning illuminate adap-
tation processes toward transformation. Organizational learning theory emphasizes re-
newing knowledge through reflection during change [43] while ambidextrous learning
frames propose a need for organizations to distinguish the functionality between dynam-
ically balancing “exploiting previous experience” and “exploring to learn new capabili-
ties” [44]. For construction contexts, these frameworks offer specificity for understanding
how construction organizations respond to external technological disruption, as poten-
tially experienced with Al while continuing to maintain efficiency in construction and
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further advance the transfer of talent systems within construction. Moreover, these provide
foundational theories to understand the perceptions and stakeholder responses in the
context of representatives from government, enterprise, higher educational institution, and
worker constituencies.

The conceptual development herein demonstrates broad changes in the priorities of
construction workforce research. Pressures of rapidly iterating technology have redirected
research agendas away from sourcing labour to workforce agency and skill transition
capabilities [4]; this indicates a strategic shift from responding to skilled workers towards
smart talent [24]. However, taken in its totality, the evidenced thinking reveals signifi-
cant barriers. Construction workforce development research predominately studies one
dimension in isolation—such as educational supply, skill gaps, enterprise technology trans-
formation, or policy inclination [22,45,46]—failing to consider the dynamic interplay and
variations in cognition across multiple stakeholders all responding to Al transformation.
Most of the literature focuses on phenomenon description versus enacting a systematic
merger of perspectives that support the logical chain from Al technology drivers—skill
structure transformation, multi-stakeholder responses, and strategy system construction.
To respond to these limitations, institutional coordination and multi-governance theories
provide systematic pathways to develop Al-oriented construction workforce strategies [47].
During systemic change, the process of workforce transformation requires the engagement
of multiple actors. It is meaningful to develop an analytical framework that comprises
varied theoretical perspectives to account for the transformation path of labour in the
construction sector.

These theoretical foundations provide the basis for the study’s analytical lens. Dy-
namic capabilities theory, organizational learning theory, and institutional coordination and
multi-governance theories offer insights into how different stakeholder groups adjust to
technological disruption by redefining roles, updating knowledge, and realigning strategies.
Together, these perspectives inform the analysis of how key institutions in the construction
sector interpret and respond to workforce transformation in an Al-driven context.

3. Methodology
3.1. Research Method

Existing research has primarily adopted quantitative approaches—such as surveys or
secondary data analysis—which offer limited insight into lived experiences or cognitive
variations during workforce transitions. To address this gap, this study investigates how
the construction industry achieves workforce transformation from skilled workers to smart
talent under Al technological contexts, encompassing complex processes of technological
change, organizational adaptation, and institutional coordination.

Given the need to explore lived stakeholder experiences and perceptions, a phe-
nomenological qualitative method was adopted [48]. This approach is particularly appropri-
ate for examining how participants interpret organisational change and skill transformation
within their social and institutional environments [49]. It enables in-depth understanding
of how participants “experience” and “construct meaning” around skill reconstruction
processes, revealing how organizations and individuals identify, integrate, and reconstruct
capability resources to respond to technological change.

3.2. Research Sampling

This study selects Chongqing, a major western Chinese city, as the research area for
several compelling reasons: construction serves as a pillar industry, the population struc-
ture demonstrates regional representativeness, and recent years have witnessed active
promotion of intelligent construction transformation, providing valuable case study charac-
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teristics. Sample selection employs purposive sampling techniques, utilising maximum
variation sampling strategy to ensure comprehensive perspectives and data saturation [50].

Galvin [51] argued that a sample size of 15 participants is sufficient to obtain meaning-
ful qualitative data, while Hennink et al. [52] suggested that data saturation typically occurs
between 16 and 24 interviews. In line with these guidelines, this study includes 20 interview
participants across four stakeholder categories. Government officials represent three depart-
ments: the Housing and Urban-Rural Development Commission, the Human Resources
and Social Security Bureau, and the Education Commission. Higher educational institution
representatives include professors from the construction major in applied undergraduate
universities and vocational colleges. Enterprise managers encompass human resource
managers, technical managers, and project managers from large construction companies,
private building firms, and intelligent construction enterprises. Frontline workers include
skilled technicians, young apprentices, team leaders, and female workers. This sample
design ensures coverage across policy formulation, educational supply, organizational
response, and operational perception dimensions, facilitating multi-dimensional theoretical
understanding (see Table 1).

Table 1. Demographic characteristics of respondents.

. Working
S. No. ID Category Gender Age  Education Experience
01 G1 Male 45 Master 20
02 G2 Government ) T Master 17
Officer
03 G3 Male 44 Master 20
04 E1l Mal 45 PhD 15
Higher ae
06 E3 Institution Male 40 Master 14
Professor
07 E4 Male 43 Master 18
08 M1 Male 45 Master 20
09 M2 Female 40 Master 14
Ent i
10 M3 f/}a‘igéze Female 38  Bachelor 16
11 M4 Male 36 Bachelor 14
12 M5 Male 35 Bachelor 12
13 W1 Male 32 Bachelor 10
14 W2 Male 33 Diploma 12
15 W3 Male 22 Diploma 1
16 W4 Frontline Male 22 Diploma 1
17 W5 Worker Male 26  Diploma 5
18 W6 Male 26 Bachelor 4
19 W7 Female 25 Diploma 3
20 W8 Female 22 Diploma 1

Table 1 presents comprehensive demographic profiles of the 20 respondents, represent-
ing government officials, higher educational institution professors, enterprise managers,
and frontline workers. The sample demonstrates male predominance at 75%. Educational
backgrounds reveal distinct hierarchical patterns: government officials and higher ed-
ucational institutions professors predominantly hold master’s degrees or higher, while
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frontline workers primarily possess associate degrees or below. Age and professional
experience distributions show clear stratification, with government officials and higher
educational institution professors averaging over 40 years of age and exceeding 15 years
of professional experience. Enterprise managers average nearly 40 years of age with
12-16 years of experience, while frontline workers concentrate between 22-33 years of age
with approximately 4 years of average tenure.

Among the 20 participants, 14 had direct experience with construction projects in-
volving Al or digital technologies. Enterprise managers (M3-Mb5) and frontline workers
(W1-W6, W8) participated in smart building developments, urban rail infrastructure, and
intelligent supervision pilots, often using technologies such as BIM systems, Al-assisted
scheduling, intelligent safety monitoring, and digital coordination platforms. Additionally,
higher education participants (E1-E4) were exposed to Al applications through teaching
and industry engagement, including BIM integration, construction robotics, and smart
monitoring systems. Some also contributed to the development of standards and provided
technical consulting in intelligent construction. This ensured that the sample reflected
informed, experience-based perspectives across all stakeholder groups.

3.3. Data Collection

Data collection employed semi-structured in-depth interviews as the primary method.
Prior to interviews, researchers contacted potential participants via telephone and email
to confirm participation willingness and schedule interview appointments. The interview
period extended from January to April 2025, with individual sessions lasting 30-60 min.
Audio recordings were conducted with participant consent and subsequently transcribed
for analysis.

The interview guide was structured around three core research dimensions. Impact
assessment examined Al influences on skill structures and job requirements within the con-
struction industry. Perception and response analysis explored multi-stakeholder cognitions
and reactions to workforce transformation. Strategic development investigated individual
and organizational approaches to facilitating construction workforce capability transitions
and continuous adaptation within Al environments.

Representative interview questions included: “In which specific construction industry
segments or workflow processes do you observe primary Al applications currently?” “What
measures has your organization or those familiar to you implemented to address changing
skill requirements, and how effective have these initiatives proven?” “To better respond to
Al-driven skill transformation, which aspects should government, enterprises, and higher
educational institutions respectively prioritize when optimizing construction workforce
development strategies?”

3.4. Data Analysis

Thematic analysis served as the primary analytical approach for accomplishing data
analysis objectives and exploring research goals. Following interpretive phenomenological
principles, this study implemented a six-stage thematic analysis methodology designed to
extract common structural elements while respecting participants” experiential worlds [53].

The analytical process proceeded through multiple interconnected stages. Familiar-
ization involved repeated reading of transcribed texts to develop comprehensive material
understanding and record preliminary impressions. Initial coding employed gerund-based
open coding units to capture individual behavioural tendencies and cognitive expressions
when responding to Al disruption, generating open nodes. Theme identification aggregated
similar codes to produce initial themes and establish potential categories. Theme review
conducted case comparisons and negative case analysis to examine theme consistency
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and representativeness. Theme refinement clarified thematic boundaries and incorporated
organizational learning and dynamic capability theories for theme nomenclature and mech-
anism explanation. The final presentation organized findings around a three-tiered “skill
structure transformation—stakeholder responses—development strategies” framework,
creating a logically coherent and progressively structured analytical architecture.

Thematic saturation was reached after coding the transcripts of 17 participants, as
no new codes or concepts emerged beyond that point. Interviews 18 to 20 were subse-
quently analysed to validate saturation and enhance analytical robustness through negative
case analysis.

NVivo 14 software facilitated coding identification, sub-theme recognition, theme
development, and data analysis processes. It is particularly suitable for this study due
to its user-friendly interface, robust coding, and advanced visualization tools used for
recognizing patterns across the datasets [54].

Word Frequency, one of NVivo's analytical tools, was helpful in illustrating the most
common words used by respondents, which allowed the authors to quickly and intuitively
grasp the prominent ideas during the interviews [55]. In this study, the most frequently
used words were construction, smart, worker, training, job, and data. In addition to these,
other important words included talent, frontline, transformation, technical, and skill (see
Figure 1).

education understand  companies

experience platform inspection

even recognition

development often certification

traditional teaching I . t.t t.
INStItutions tools
poiies et MANAZEMeENt talent especially

o ine learning ;
ses awa::]r;essi digital frontline 8 like o, pelamad

rowever ' EVStill site smart enterprises support «

. d limited ek
resources | ‘Jearn CONstruction _Jog L develop

operate design Systems training job projectplatforms

. courses
older gkills

programs . also Workers data skill based lacking
\"\'

young use . safety
les system level  payy NAUSETY i

driven

operations

n
aality jntelligent ro .
e time @gUipment technical government

. . monitoring hands
poeress practical trgnsformation
arifidal - systematic yocational universities

used

technology intelligence technologies

Figure 1. Word frequency of the study.

Another visualization tool within NVivo is the treemap chart, which is specifically
designed to enhance the analysis and interpretation of qualitative data by hierarchically
mapping phrases and words [56]. It enables researchers to explore distinctions and simi-
larities among the various categories and data fragments defined during coding. In this
visualization, the area size represents the number of coded items—the larger the area, the
more references have been coded to that category [57].

In Figure 2, the key themes extrapolated from the treemap chart are presented, along-
side a visual representation of this information. These themes serve as a potential bridge
between theoretical conceptualization and empirical reality. They help explore strategic
pathways for constructively developing the construction workforce, supporting both trans-
formational leaps in capability and the incremental adjustments needed as the industry
navigates the evolving Al paradigm.
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Stakeholder Perceptions

Worker Recognition Gaps and Skill Ba...

Enterprise Awareness Stratification a... Management Support Design Phase

Insufficient Job Matching
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Education Institution... Construction Phase Institutional Suppor...
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Enterprise Training and Job Transf...
Operation & Maintenance P...

Cognitive Transf... Training Me...

Slz2yizationa Talent Develop... Policy and Insti...

Figure 2. Extracted themes of the study in treemap chart.

Multiple validation strategies ensured research reliability and authenticity. Member
checking invited participants to verify research perspectives against their experiences [58].
Investigator triangulation involved two researchers conducting independent coding and
negotiating discrepancies before applying refined coding frameworks to remaining tran-
scripts. Reflexivity documentation maintained continuous researcher reflection records
throughout the process, monitoring potential bias and subjective positioning influences to
ensure analytical transparency and credibility.

3.5. Ethical Considerations and Research Scope

This study adheres to rigorous academic ethical standards throughout all phases of
investigation. All participants were informed of the purpose of this research and voluntarily
agreed to take part in the interviews. Written informed consent was obtained from all
participants prior to the interviews. All interview content underwent anonymization
procedures, with collected materials exclusively utilized for academic research purposes
without commercial or non-research applications. The study received ethical approval from
the Ethics Committee of the School of Management Chongqing Institute of Engineering,
with exemption status (Approval Number: 202505, dated 5 January 2025).

Case selection and limitations present important boundary considerations for inter-
pretation. Chongqing’s construction industry serves as the case study region based on its
regional economic representativeness and data accessibility feasibility, making it suitable
for preliminary theoretical mechanism exploration. Regional sample constraints, however,
limit the findings” broader national representativeness. Methodological scope employs qual-
itative interviews and thematic analysis to elucidate mechanisms and construct strategies,
while attribution analysis, trend prediction, and quantitative validation of construction
workforce transformation require future research expansion and verification.
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4. Findings
4.1. AI-Driven Changes in Skill Structures and Stakeholders” Perceptions (RQ1)

This section presents findings addressing the first research objective: analysing how Al
technologies reshape skill structures and job requirements within the construction industry.

NVivo 14 thematic analysis identified key themes related to Al-driven job position and skill
reconstruction, as presented in Table 2.

Table 2. Job position and skill reconstruction themes.

Theme Sub-Theme Frequency (N)
Design Phase 11
L Construction Phase 19
Al Application Stages

Operation & Maintenance Phase 12
Management Support 12
Job Capability Reconstruction and 18

Skill Upgrading
Transformation Impacts Cognitive Tl"ransformat.ion and 13

Learning Adaptation
Organizational Response and 5
Institutional Change

Government Awareness and 19

Policy Guidance

Educational Institution

s 20

. Recognition Lag

Stakeholder Perceptions
Enterprise Awareness Stratification
: 20
and Response Capacity

Worker Recognition Gaps and 20

Skill Barriers

4.1.1. Al Applications Across Construction Stages

Respondent accounts of Al applications in construction industry stages and work-
flows reveal multi-stage technological penetration patterns across design, construction,
operations, and management functions. Government officials, university faculty, enterprise
managers, and frontline workers collectively describe how Al technologies systematically
embed within traditional construction processes.

Design Phase Applications centre on BIM modelling optimization, Al-assisted design
enhancement, and intelligent collision detection. Al integration fundamentally transforms
preliminary modelling and analytical capabilities within design workflows.

“The design phase includes BIM system integration and Al-driven parameter optimiza-
tion.” (E1)

" Al-assisted modelling and intelligent collision detection in the design stage.” (M4)

Construction Phase Applications encompass progress monitoring and predictive
analytics, image recognition for quality control, intelligent safety management with risk
alerts, and construction robotics deployment. This stage demonstrates Al’s transformation
of traditional construction approaches from experience-based operations toward data-
driven automated collaboration.
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“Safety monitoring and scheduling management during construction... automated com-
ponent installation and image recognition for quality control are gradually being pro-
moted.” (E2)

“Video recognition systems can automatically identify whether personnel are wearing
proper safety equipment... crane monitoring assists in determining whether operations
meet standards.” (W5)

“Our project has smart crane systems that can automatically detect if people are ap-
proaching the lifting area, and some systems can even automatically warn about overload
risks.” (W7)

Operation and Maintenance Applications involve structural health monitoring with
predictive analytics, equipment condition monitoring and fault identification, intelligent
inspection systems with image recognition, and building data analysis for smart facility
management. These applications enhance scientific management and response efficiency
during post-construction phases.

“Intelligent monitoring in operation and maintenance stages, like smart building systems,
structural health monitoring, real-time early warning analysis of foundation settlement
data.” (E1)

“Like equipment condition monitoring, measurement precision control, operational data
analysis. During large equipment debugging, some systems can automatically identify
abnormal parameters and provide timely warnings.” (W2)

“Dam deformation, seepage pressure, displacement data collected by sensors are auto-
matically uploaded to the system, Al algorithms analyse whether risks exist... can also
automatically identify abnormal images, reducing manual inspection burden.” (W8)

Management Support Applications span comprehensive project lifecycle management
with cost control, intelligent logistics and material scheduling systems, and personnel
behaviour management with real-time site monitoring. These applications significantly
enhance project management capabilities regarding real-time responsiveness, visualization,
and intelligent decision-making.

“Data analysis and management optimization throughout the entire project pro-
cess.” (M2)

“Smart logistics, achieving optimization in material scheduling and transportation.” (W6)

“There are also intelligent access control and attendance systems that let project depart-
ments track worker dynamics in real time.” (W7)

Emerging themes concerning transformation patterns and changes to workforce de-
velopment identified from respondent descriptions suggest that Al applications are being
developed from relatively isolated technological interventions toward systematic integra-
tion, while moving from supporting function-based tasks and responsibilities to overall
reconstruction of task and job processes. Technology embedding occurs in both specific
stage-based tasks, as well as through sequencing and new logic of managerial and organi-
zational constructs and abilities. Respondents affirmatively agree about Al contributing
positively to efficiency, safety, and enhanced managerial effectiveness and job architec-
ture; these contributions all provide moving pieces for workforce redevelopment and skill
system action.

4.1.2. Observed Transformations

The description from respondents to “changes Al development brings to construction
job responsibilities and skill requirements” reveals transformation impact associated with



Buildings 2025, 15, 2552

12 of 28

three interrelated dimensions: reconstruction of job capabilities and responsibility skill
development; cognitive transformation and corresponding mechanisms of adaptation and
learning; and organizational response as institutional change. In particular, these dimen-
sions reveal profound structural changes with the construction workforce system under the
influence of Al technologies, or mindsets, thinking and capability of workforce systems.

Job Capability Reconstruction and Skill Upgrading represents what respondents re-
ferred to as the most frequent impact of transformation. The accountability of traditional
construction employment associated with physical labour and experiential judgment is
changing toward a composite framework of capabilities with skill systems that prioritize
digital tools, data understanding and analysis, machine and human interaction, and ad-
vanced collaborative capacities. This transformation demonstrates how informatization
penetrates and challenges grassroots positions while creating new capability requirements.

Government officials and experts in higher educational institutions emphasize system-
atic skill structure updates, while enterprise managers focus on evolving skill requirements
across various construction site positions.

“Positions that were previously oriented toward physical labour and experience now
increasingly require mastering software operation skills, data analysis abilities, even basic
programming.” (E1)

“Job skill structures are transforming from single experience-based types toward composite,
digital types.” (G1)

“Project managers need to understand how to analyse Al-provided data results and
optimize resource allocation accordingly, technical personnel need to master coordinated
use with intelligent tools, and frontline workers also need to learn to cooperate with
digital platforms for construction data entry or site status feedback.” (M3)

Frontline worker groups directly experience rising skill thresholds and job structure
reshaping through their daily work experiences.

“These changes have altered requirements for team leaders, they need to learn how to read
platform data, understand system logic, and also know how to use electronic devices for
daily reporting and problem feedback.” (W6)

“Job boundaries have become blurred... now I also need to learn to operate some systems,
even understand basic data analysis.” (W8)

Cognitive Transformation and Learning Adaptation emerges as workers navigate
shifting skill requirements. Transformation encompasses decision-making shifts from
experience-oriented to data-driven approaches, enhanced lifelong learning consciousness
with cross-disciplinary capability requirements, and digital skill generational gaps creating
adaptation challenges.

Government officials, experts in higher educational institutions, and enterprise man-
agers recognize Al development driving practitioners from experience-dependent judg-
ment toward data comprehension and system coordination, while demanding enhanced
lifelong learning capabilities and cross-disciplinary competencies.

“Traditional empiricism is being replaced by digitization and systematization.” (M1)

“This poses higher requirements for practitioners’ learning abilities and lifelong
growth.” (G1)

“This compels construction practitioners to possess cross-disciplinary integration capabil-
ities and continuous learning consciousness.” (E3)
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Frontline worker feedback reveals generational gaps and adaptation difficulties dur-
ing digital transformation, highlighting recognition differences between experienced and
newer workers.

“We older workers, although we have experience, definitely adapt slowly to system
software, we must keep learning continuously to keep up.” (W2)

“Like me, a young worker... I'm also learning some basic software operations myself, but I
really feel my knowledge base is too narrow.” (W3)

“For young people it’s a challenge, for older workers the pressure is greater, some people
who can’t keep up will be marginalized.” (W6)

Organizational Response and Institutional Change addresses how Al-induced job
responsibility changes and skill structure reconstruction compel deep adjustments within
construction industry vocational education systems, skill certification mechanisms, and
human resource management institutions.

“This means vocational education must undergo deep transformation.” (E1)

“This transformation poses urgent requirements for systematic updates to professional
skill level standards and skill certification systems.” (G2)

“These changes compel us to strengthen examination of ‘technological comprehension’
and ‘data literacy’ in recruitment and training processes.” (M2)

The description from respondents reveals Al technology profoundly reshaping con-
struction industry job responsibilities and skill structures, transitioning from physical
labour and experience-oriented approaches toward capability systems centred on data-
driven operations, technological composites, and systematic collaboration. This transfor-
mation generates not only job capability upgrades and role integration but also compels
practitioners to achieve deep adaptation in cognitive patterns and learning mechanisms,
particularly highlighting significant skill gaps and adaptation pressures across genera-
tional lines. Simultaneously, Al development presents systematic challenges to vocational
education, skill certification, and talent selection institutions, compelling organizational
transformation in educational training, standard development, and recruitment mecha-
nisms to support construction workforce transition from skilled workers to smart talent.

4.1.3. Stakeholder Perceptions of Al-Driven Workforce Changes

Respondent accounts of how different groups—government, enterprises, vocational
training institutions, and workers—perceive Al-driven workforce changes reveal distinct
cognitive patterns and coordination gaps across four key stakeholder categories. These
perspectives illuminate knowledge distribution patterns and coordination mechanism
deficiencies within construction workforce systems under Al technological influence.

Government Awareness and Policy Guidance demonstrates relatively clear strategic
recognition and top-level design, with multiple policies promoting intelligent construction
and digital building development.

“We attach great importance to the intelligent development of the construction industry,
and have issued the ‘Chongqing Smart Construction Pilot City Construction Implemen-
tation Plan’ as a special document.” (G1)

“The government already has clear recognition at the policy level, we are also promot-
ing digital housing and construction, accelerating the intelligent transformation and
upgrading of the construction industry.” (G2)

However, respondents identify policy implementation mechanism obstacles and in-
sufficient grassroots policy awareness during policy transmission processes.
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“The government has macro planning for developing intelligent construction direction,
but policy transformation into frontline implementation mechanisms still needs strength-
ening.” (E4)
“The government has certain strategic deployment awareness, like promoting intelligent
construction demonstration projects, but there are still gaps in grassroots implementa-
tion.” (M4)

Educational Institution Recognition Lag emerges as institutions demonstrate overall
cognitive delays and sluggish responses, characterized by outdated curriculum content,
slow training responses, and poor industry-education integration.

“Vocational colleges and training institutions’ curriculum updates can’t keep up with
technological evolution, most still focus mainly on traditional crafts.” (M3)

“Training schools update curricula slowly, when I was in vocational school I hadn’t really
been exposed to BIM, Al equipment and such content, only after entering construction
sites did I discover they were already being used, showing education and industry are
still disconnected.” (W4)

“Some courses still lean traditional, understanding of Al remains at the conceptual level,
lacking scenario-based teaching.” (W6)

Enterprise Awareness Stratification and Response Capacity reveals distinct cognitive
stratification and response capability differences. Large enterprises generally possess
digital transformation awareness, while most small and medium enterprises remain in

observational and passive response states.

“Large enterprises have already bequn strategic deployment of intelligent construc-
tion, while most small and medium enterprises are still in exploration and observation
stages.” (M3)

“Large enterprises have relatively clear recognition, especially state-owned enterprises
like ours, basically all are promoting systematic ‘smart construction” development.” (W6)

Worker Recognition Gaps and Skill Barriers represent widespread cognitive gaps
and transformation obstacles among worker groups. Frontline workers demonstrate rela-
observation,”

7o

tively vague Al understanding, generally existing in states of “confusion,
and “anxiety.” Experienced workers exhibit resistance psychology toward technological
change, while some younger workers show proactive learning willingness but lack clear
pathway support.

“Some people hear about Al and think they’re going to be replaced, feeling very unsettled
inside.” (W1)

“We workers are often used to the old ways, finding new things both complex and
somewhat off-putting.” (W2)

“On one hand I find these technologies quite fresh, on the other hand I don’t know
specifically how to learn or what to learn.” (W3)

Coordination challenges across stakeholder groups indicate that while Al’s impact on
construction workforce structures manifests across multiple levels, significant information
gaps and adaptation disparities persist from strategic recognition to practical response.
The cognitive chain connecting government, enterprises, educational institutions, and
workers has not yet been truly integrated, preventing policy implementation, skill trans-
formation, and learning support mechanisms from forming effective closed loops. This
necessitates promoting multi-stakeholder collaborative responses to Al-driven workforce
reconstruction challenges.
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4.2. Optimizing Construction Workforce Development Strategies (RQ2)

This section outlines findings addressing the third research objective: proposing talent
development strategies to support the construction workforce’s adaptation to Al and to
transition from skilled workers to smart talent. NVivo 14 thematic analysis identified
strategic approaches and systematic deficiencies in current development practices, as
detailed in Table 3.

Table 3. Workforce development strategy themes.

Theme Sub-Theme Frequency (N)

Policy and Institutional Level Changes 3
Talent Development Content and 4

Response Measures Method Transformation
Training Mechanisms and 15

Organizational Approaches
Training Content Lag 12
Institutional and Resource Imbalance 15
Tralm_ng Sy§tem Insufficient Job Matching 16
Deficiencies

Rigid Teaching Methods 15
Missing Assessment Incentives 15

Institutional Support and
18

Resource Guarantee

Educational Reform and

Developmgnt Strategy Capability Building 20
Optimization
Enterprise Training and 20
Job Transformation

Group Support and Growth Pathways 8

4.2.1. Organizational Response Measures to Skill Changes

Respondent descriptions of “organizational measures in response to skill changes”
reveal systematic approaches across three interconnected dimensions: policy and institu-
tional level changes, talent development content and method transformation, and training
mechanism and organizational approach reconstruction. These responses demonstrate
how the construction industry organizes collective responses to Al-driven workforce skill
structure transformation challenges.

Policy and Institutional Level Changes show government departments actively pro-
moting skill system updates and occupational classification optimization, focusing on
establishing new institutional foundations adapted to intelligent construction contexts.

“Working with relevant departments to formulate “intelligent construction technician’
position standards and talent evaluation indicator systems.” (G1)

“Including new occupations like ‘technical personnel for intelligent construction systems’
in updated catalogues.” (G2)

“Organizing professional skill level certification pilots, promoting integration of ‘academic
certificates + skill level certificates” dual certification.” (G3)

Talent Development Content and Method Transformation demonstrates training insti-
tutions implementing multi-dimensional initiatives through curriculum system reforms,
practical base construction, and school-enterprise integration to enhance construction
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talent adaptability to Al applications. These changes help optimize talent supply structures
from the source, reducing gaps between education and job requirements.

“Our college has added intelligent construction, construction informatization and Al tech-
nology content to the curriculum system in recent years, while promoting the construction
of school-enterprise joint training bases and introducing project case teaching.” (E2)

“My college has made positive attempts in curriculum system reform, integrating modules
like intelligent construction, data-driven design, BIM applications, and promoting the
integration of practical teaching with project-based teaching.” (E4)

Training Mechanisms and Organizational Approaches reveal strong practical orienta-
tion and job adaptability at the enterprise level. Organizations implement “project-driven

s

learning,” “experienced worker mentoring,” and “learning while doing” approaches to

achieve on-site skill transformation.

“Our company mainly promotes technology upgrades through project practice, for example
introducing Al-assisted systems in some projects and arranging training, with project
management personnel leading frontline workers in learning.” (M3)

“Sometimes the project department has us learn while working, like assigning a leader to
learn system operations first then teach everyone hands-on.” (W2)

Online learning platforms and digital learning resources are gradually penetrating,
achieving organic integration of temporal-spatial flexibility with content diversity.

“The company also has an internal online course platform, specifically with learning
videos on BIM and smart construction sites.” (W4)

The description demonstrates that construction industry organizations are actively
responding to Al-driven skill transformation pressures through the triple pathways of
institutional driving, content reform, and mechanism innovation. However, interview evi-
dence reveals varying implementation degrees across different organizations and groups,
presenting patterns of “leading organization momentum, middle-tier response, grassroots
differentiation.” Future development requires strengthening institutional—practical link-
age mechanisms and promoting widespread penetration of standards, resources, and
capabilities within organizations to achieve deep structural transition and comprehensive
adaptation of construction workforce structures.

4.2.2. Current Training System Deficiencies

Respondent perspectives on “deficiencies in current construction training systems
when addressing skill transformation brought by Al” reveal systematic gaps across five
interconnected dimensions that constrain training system responsiveness and expose struc-
tural defects under Al-driven environments.

Training Content Lag emerges as widespread consensus among respondents. Current
training curricula remain centred on traditional trade skills, lacking content aligned with
emerging technologies and unable to provide support for smart talent development.

“Content disconnection, curriculum systems haven't kept up with frontier technologies
like intelligent construction, Al tools, data analysis.” (M3)

“Training systems still emphasize traditional crafts and static knowledge, lacking dynamic
capability development for intelligent construction.” (M5)

Institutional and Resource Imbalance significantly constrains training quality. Respon-
dents identify concentrated resource allocation, uneven geographical coverage, and weak
school-enterprise collaboration mechanisms, resulting in insufficient training opportunities
and support for remote construction sites and frontline workers.
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“Existing resources are mostly concentrated on technical management personnel, while
training coverage for grassroots construction workers is low.” (M3)

“Training opportunities aren’t many, especially on remote projects, there’s nowhere to go
for further education even if you want to.” (W1)

“Most equipment is normally used by management, we workers can’t touch it, no chance
to practice even if we want to.” (W3)

Training scheduling inadequacies compound implementation difficulties.

“Forms aren’t flexible enough, many training sessions are scheduled at fixed time periods
that conflict with construction schedules.” (W7)

Gender and experience-based barriers further limit access to learning resources.

“Many technical contents weren’t taught in school, and at work you can only rely on
self-study or asking seniors. Also, some male colleagues think women aren’t suitable for
operating complex equipment or participating in Al-related technical positions. It’s not
that we can’t learn, but there’s a lack of learning platforms suitable for newcomers and a
gender-friendly atmosphere.” (W8)

Insufficient Job Matching represents a critical bottleneck constraining training effec-
tiveness. Training content lacks targeting, failing to provide classification and stratification
based on job levels, trade categories, and learning foundations, resulting in outcomes that
are “unusable, unmemorable, and difficult to transfer.”

“The biggest problem is unclear level differentiation and lack of targeting. For example,
young workers like us who are new to the industry need simple, practical introductory
training, not advanced functions right from the start.” (W3)

“Many courses are one-size-fits-all, young and old, technicians and general workers mixed
together learning, low efficiency, and can’t provide individualized instruction. What we
need is hands-on training classified by trade.” (W4)

Rigid Teaching Methods directly impact training experiences. Current training pre-
dominantly employs PowerPoint presentations, lacking immersive, hands-on, and project-
based teaching approaches. Workers struggle to understand skills through real scenarios,
reducing learning engagement and effectiveness.

“Lacks integration with actual operation scenarios, training methods are too rigid, just
PowerPoint presentations, no chance to actually touch equipment.” (W2)

“Some new technology training still stays at PowerPoint explanations, without on-site
drills or virtual operation environments.” (W8)

Missing Assessment Incentives weaken intrinsic learning motivation. Training systems
lack scientific effectiveness evaluation systems and promotion incentive mechanisms. Train-
ing outcomes fail to generate substantial returns, resulting in reduced learning willingness
among frontline workers.

“Career development paths aren’t connected, causing workers who complete skills training
to struggle with reflecting value in job promotion and salary treatment, thereby affecting
training enthusiasm and sustainability.” (G2)

“Training lacks continuity and incentive mechanisms, whether learning is useful, whether
doing well provides promotion opportunities, it’s all unclear.” (W3)

Respondent descriptions indicate that current construction industry training systems
have not yet established supply logic and structural mechanisms deeply aligned with Al
environments. From content to methods, from institutions to incentives, all demonstrate



Buildings 2025, 15, 2552

18 of 28

disconnection from digital transformation requirements. To effectively support a structural
transformation of the construction workforce, urgent systematic reconstruction and supply-
side upgrading of training systems is needed, centred on task orientation, competency-
based approaches, and job matching as core logic.

4.2.3. Optimizing Construction Workforce Development Strategies

Respondent perspectives on “how government, enterprises, and training institutions
should respectively optimize construction workforce development strategies to address
skill transformation brought by Al” reveal collaborative governance directions and critical
mechanism gaps across four strategic dimensions that illuminate coordination requirements
for construction workforce systems under Al technological influence.

Institutional Support and Resource Guarantee represents the foundational prerequisite
for building intelligent construction talent ecosystems. Government leadership in top-level
institutional design and dedicated funding support, including intelligent construction
occupational skill standards, certification systems, and comprehensive education and
training infrastructure, provides both strategic elevation for talent development and a
policy basis for resource allocation.

“Government should formulate special plans for construction industry Al talent devel-
opment, introduce ‘digital craftsman’ cultivation policies, establish dedicated funds to
support secondary and higher vocational colleges in opening intelligent construction-
related majors, and promote the establishment of intelligent construction vocational
education standard systems.” (E1)

“Government should lead in constructing policy systems and standard frameworks for
intelligent construction talent development, establish dedicated funds to support regional
training bases and curriculum content research and development, and promote the
establishment of certification systems covering the entire occupational chain.” (G1)

Educational Reform and Capability Building emerges as the core mission for achieving
structural talent transformation. Higher educational institutions must closely follow Al
and intelligent construction technology evolution, introducing real engineering cases to
reconstruct curriculum systems and promoting shifts from theoretical instruction toward
project-driven and scenario-based practical training. Teaching method innovation and
industry—education integration enhance training effectiveness and experiential learning.

“Training institutions and universities should proactively reform curriculum systems,
introduce actual Al cases in construction, supervision, and testing processes, promote
synchronous updates of teaching content with technology, enhance training precision and
effectiveness, and jointly advance construction workforce toward digital and intelligent
level advancement.” (M3)

“Training institutions need to leave the classroom and come to project sites, designing
targeted hands-on courses according to different trades, so we can truly ‘learn it and use
it.” (W2)

Enterprise Training and Job Transformation functions as the execution hub for driving
workforce structural transition. Organizations should establish job-oriented training mech-
anisms, clarify internal job transfer channels and capability advancement pathways, and
improve training incentives linked with performance mechanisms to stimulate employee
technical growth willingness and career advancement motivation.

“Enterprises should make training routine and structured, from executives to frontline
workers everyone should have clear skill transformation paths, and incorporate training
results into assessment and promotion mechanisms.” (M4)
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“Companies can implement refined management of training through hierarchical clas-
sification, like setting up “youth worker growth programs,” allowing us apprentices to
master skills in stages with advancement channels.” (W4)

“Enterprises should establish “position-skill-incentive” linkage mechanisms, like workers
who learn drones or scheduling systems can receive technical allowances or star rating
promotions.” (W5)

Group Support and Growth Pathways reflects profound attention to workforce di-
versity and developmental stage differences. Respondents propose constructing refined
training pathways based on job levels, trade characteristics, age structure, and gender
differences, forming growth closed loops from entry to mastery, from training to promotion,
achieving employee capability transition.

“We can’t continue using ‘old people adapting to new tools’ thinking for training, but
need to reshape the growth pathways for the new generation of ‘intelligent construction
talent.” (E1)

“Querall, workforce development needs to upgrade from ‘supplementing skills’ to ‘building
ecosystems,” achieving comprehensive transformation from skilled workers’ to ‘smart
talent.” (M1)

Special attention to youth workers, women, and career changers supports their transi-
tion toward “smart talent.”

“Enterprises should incorporate intelligent equipment training into new employee on-
boarding processes, specifically establishing “youth technical talent advancement chan-
nels.”” (W3)

“Establish specialized classes for female construction talent, encouraging more people to
transform from ‘assistant workers’ to ‘smart workers.” (W7)

Respondent insights reveal that addressing Al-driven construction workforce trans-
formation challenges requires breaking through traditional training system fragmentation
and lag, achieving efficient coordination among government, enterprises, and educational
institutions.

Through the four-pillar framework of institutional guarantee, educational innova-
tion, enterprise engagement, and group development, comprehensive and multi-layered
workforce development systems can be developed that involve multiple actors, follow the
development of new technologies, and promote the structural transition of the construction
industry from skilled worker to smart talent.

5. Discussion
5.1. Skill Reconstruction and Stakeholders” Perceptions Under Al

Al technologies are being deeply embedded through core construction activities—
designing, making, operating, and managing—resulting in fundamental shifts in the
industry skill structure, moving away from physical work and experiential judgment
to composite capacity system approaches based on digital tools, system interoperability,
and the integration of capabilities across professions. This aspect of change not only
influences the composition of available capacities within job roles in construction, but also
the nature of talent competency profiles that increasingly demonstrate tendencies toward
job boundarylessness and shared expectations of performance capabilities [4]. Patterns and
trends were suggested in the profiles that closely align with the notion of “skill polarization”
as described in Autor [42] and govern the empirical evidence supporting “collaborative
technology extension” arguments [59].
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Transition pathways emerge through findings that suggest constructor capacity shifts
in specificity from “cognitive transformation” to “tool adaptation”, and finally to “task
integration”. While frontline workers (non-supervisory personnel) shift from “experience-
based constructors” towards “platform collaborators”, project manager workers slowly
change from “experience-based coordinators”, towards “data-driven decision makers”, as
the skill boundaries between worker positional roles become less distinct. As these transi-
tion pathways suggest, the construction talent of the future will need not only skills in sin-
gular positional roles, but generalized adaptive competencies across roles and systems [23].
This view is further supported by empirical evidence suggesting that Al technologies
increasingly blur the boundaries between traditional skill domains [56,57].

Additionally, the influence of Al extends beyond automating task performance in
narrow technology positional roles and is now penetrating all levels of management support
and frontline operational roles to restructure and reconstruct within occupational systems
in construction. This extends beyond “marginal position replacement” [60] as a largely
unthinkable change, but as an evolution towards the future organization of construction
roles characterized as “tool substitution”, or via “system coordination” [20]. Consistent
in the responses are indications that contemporary construction scheduling, risk alerting,
and progress control require and will increasingly require collaborative human-algorithm
decision making and execution. This suggests that the ability to coordinate human-machine
collaboration in construction will become a standardized paradigm for role and function
reorganization [61].

For this reason, the impact of Al on construction roles will extend beyond marginal
occupational replacement for a subset of competencies in the workplace, but will involve
reconstruction of comprehensive role and job capability structures [18]. Reconstruction
should focus on the composite competencies of “collaboration capability, system compre-
hension, and judgment skills” [22], providing the construction industry of the future with a
capacity distinct to systems thinking and adaptive competencies across positional roles and
tasks requiring collective inputs, as opposed to providing technology based on mastery
of tools generally. These perspectives on the future of construction occupations provide
both theoretical frameworks and practical steps forward in supporting job redesign and
vocational education systems reform initiatives.

The development of an Al-enabled construction workforce, characterized by multi-
stakeholder cognitive stratification and inconsistent response capacities, results in struc-
tural disconnections between policy intentions, organizational practices, and individual
behaviours. Even though a policy framework has established transformation layouts,
there remain significant disconnects between institutional mobilization and on-the-ground
implementation, an observation that confirms multi-stakeholder coordination challenges
do exist, including varied stakeholder objectives, cognitive lag, and inconsistent response
pathways, echoing previous research [47,62,63].

The limitations of government policy penetration expose strong material and strategic
initiative at the macro level, mainly using policies that aim to drive industrial upgrading
through institutional design, with a focus on intelligent construction and developing
digital skills. However, the policy fructification process shows low levels of organizational
penetration, often in highly vertical dissemination processes. Grassroots workers and
small-to-medium enterprises tend to have little or no awareness of certain aspects of policy,
public policy and other wise, or an understanding of the policy shifts, reflecting a “last
mile” disconnect in the institutional dissemination chains. These findings contrast with
established research indicating policy effectiveness often constrained by execution-level
institutional transmission mechanisms [64].
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Enterprise response stratification emerges through pronounced hierarchical trends.
Large construction enterprises possess strong resource mobilization capabilities and tech-
nological pilot foundations, initiating strategic intelligent construction deployment and
establishing preliminary “technology introduction—-position transformation—training mech-
anism” closed-loop systems. Conversely, small-to-medium enterprises remain constrained
by funding, cognitive, and organizational capacity limitations, predominantly maintaining
observational and passive response stances. This inter-enterprise adaptive capability varia-
tion intensifies structural inequality in construction workforce transformation while echoing
resource-based “resource-action—performance pathway” asymmetric relationships [65].

Educational institution response lag demonstrates curriculum content lagging behind
position evolution, teaching methods lacking hands-on and scenario-based support, and
faculty insufficient Al technology understanding and application capabilities, resulting in
severe disconnection between skill supply and position demands. These findings further
substantiate existing research criticisms regarding vocational education content update
delays, inadequate faculty structures, and industry disconnection [66,67], highlighting con-
struction vocational education system inadequacy in intelligent transformation responses.

Individual worker barriers reflect dual obstacles of “generational cognitive differ-
ences” and “emotional resistance intersection.” Traditional older employees simply do not
understand Al systems, in addition to concerns such as “replacement related to machines”
and “wasting time learning,” which is a clear rejection of the psychological harm. The
willingness to accept of newer, younger employees is certainly there; however, organiza-
tional structures may not provide systematic training pathways, practical training hours,
nor a structured incentive system for learning and transformation, which hinders genuine
transition from “willingness to learn” to “capability to transform.” Differences in individual
response revealed by the research contribute depth to the technology acceptance model in
terms of pathways through individual beliefs, capability assessments, and transformation
behaviours [68].

Collectively, these findings indicate coordination dilemmas in the construction industry
under the pressures of Al impact, as the construction industry struggles to develop effective
linkage channels from institutional design to capability transformation. Patterns of ruptures at
multi-levels present primary barriers to the transformation of the construction workforce, and
require more penetrative policy transmission mechanisms, more flexible educational supply
systems, and more holistic organizational support structures to achieve the fundamental
transformation from structural fragmentation toward systematic coordination.

5.2. Toward an Ecosystem Approach to Workforce Development

To adequately address the multi-level coordination challenges, a focus on amalga-
mated modes of learning and training towards comprehensive force ecosystem-wide
development is required, rather than a focus on the various fragmented or levels involved
in training. The identified skill mismatches, cognitive gaps, and response fragmentation
necessitate a four-pillar framework integrating institutional support, educational reform,
enterprise engagement, and group development pathways to facilitate transition from
skilled workers to smart talent. This ecosystem approach aligns with OECD (2021) [69]
“lifelong learning + multi-party participation” frameworks while demonstrating high
compatibility with China’s industry—education integration, and government—enterprise
collaboration policy systems [32].

Institutional infrastructure development emerges as foundational to addressing cur-
rent policy system deficiencies in cross-level coordination and job-matching orientation,
which create audible but imperceptible policy transmission effects. Evidence points toward
constructing institutional guaranteed closed-loops through skill standard systems, certifica-
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tion mechanisms, and fiscal subsidies to enhance structural penetration of transformation
strategies. This approach resonates with Cejudo and Michel’s [70] “policy integration tools”
logic, emphasizing requirements for both top-level design and deep execution capabilities
with resource implementation mechanisms.

Educational system transformation addresses revealed inadequacies in curriculum
content lag, singular teaching modalities, and regional resource imbalances that fail to
support composite capability formation in Al environments. Educational innovation
requires coordinated advancement of curriculum content, teaching methods, and practical
training platforms, introducing BIM, Al platform operations, and data analysis modules
while incorporating virtual simulation and project-based teaching approaches to enhance
practicality and immersion. This transformation direction aligns closely with Tan et al. [71]
and their “transition from knowledge supply to capability generation” objectives, matching
digital era higher education transformation directions [72].

Enterprise capability building responds to identified deficiencies in systematic job
training pathways and skill incentive mechanisms that result in worker “willingness
to learn but difficulty transforming.” Strategic development requires constructing job-
chain-based skill advancement channels, including position transition re-education, grade
certification, and performance linkage mechanisms to create synergistic effects between
skill enhancement and career development. This strategy aligns itself with “dynamic capa-
bility reconfiguration” theory [40], which stresses that an enterprise creates organizational
learning channels in uncertain environments [73].

Inclusive group support systems confront identified issues facing youth workers and
women and career transition workers lacking institutional support for adaptation and
differentially limits growth and momentum for developing diverse talent. Development re-
quires building differentiated learning support systems and inclusive pathways for growth,

” o

such as “female construction talent specialized classes,” “youth technical channels,” and
“career transition worker training camp” learning supports provide individual develop-
ment of capabilities. This approach extends behavioural motivation elements using the
technology acceptance model emphasizing the supporting role of contextual embedding
and institutional support for development behind training behaviours [74].

Indeed, a critical insight emerges: training approaches must move beyond “adapting
existing workers to new tools” toward “reshaping growth pathways for next-generation
smart construction talent.” This perspective embodies transformation from deficit-based
training to ecosystem-based cultivation logic, representing core manifestations of ex-
ploratory organizational learning”—organizations and individuals should collaboratively
construct capability systems adapted to future environments rather than constraining
themselves to linear upgrades of existing experience [41].

Considering the above findings and discussions, the construction sector is experienc-
ing transformational challenges related to Al adoption. It is therefore essential to implement
sustainable workforce development concepts, establish a multi-stakeholder collaborative
system, and facilitate the workforce transition from skilled workers to smart talent. In sum-
mary, this study proposes a four-pillar workforce development framework, encompassing
institutional support, educational reform, enterprise engagement, and group development
(see Figure 3).
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Workforce Development
Strategy for the
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Figure 3. Workforce development strategy for the construction industry.

5.3. Research Implications

This investigation examines construction workforce transformation pathways and
multi-stakeholder coordination mechanisms under Al influence, addressing the transition
from skilled labour to smart talent through theoretical, practical, and methodological
implications.

Theoretical contributions extend beyond linear Al technology drivers—skill structure
transformation, multi-stakeholder responses, and strategy system construction analytical
paradigms by integrating dynamic capability theory, organizational learning perspectives,
and skill ecosystem frameworks. The resulting “job transformation—cognitive response—
coordination strategy” multi-dimensional analytical framework systematically reveals
structural mechanisms of Al-driven construction workforce transformation and adaptation
relationships among multiple stakeholders. These insights advance understanding of skill
reconstruction and institutional evolution in digital transformation contexts.

Practical implications emerge through in-depth interviews with respondents in
Chongging’s construction industry, identifying cognitive differentiation, response delays,
and institutional fragmentation challenges in construction workforce development pro-
cesses. Analysis generated an “institutional support—educational reform—enterprise
engagement—group development” four-pillar coordination strategy, providing operational
pathways and policy recommendations for developing region practitioners transitioning
from passive adaptation toward proactive advancement. Unlike existing linear skill de-
velopment models, this ecosystem-oriented strategy emphasizes simultaneous cognitive,
institutional, and capability transformation.

Methodological implications combine phenomenological qualitative research ap-
proaches with six-stage thematic analysis procedures, ensuring systematic analytical pro-
cesses and interpretive depth. Through open coding and thematic deduction, multi-level,
cross-stakeholder thematic networks were constructed, enriching research paradigms for
workforce transformation issues under complex technological change contexts while pro-
viding methodological guidance for subsequent qualitative research on similar topics.

5.4. Limitations and Future Research Directions

Although this study offers an initial exploration into the transformation pathways of
the construction workforce and the mechanisms of multi-stakeholder collaboration, there
are still several limitations that need further expansion and deepening in future research.

First, the sample is concentrated in the Chongging, China. Although the respondents
include diverse stakeholders such as government officials, enterprise managers, educa-
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tional lecturers, and frontline workers, there are still limitations in terms of geographic
distribution, enterprise types, and job levels. These constraints may affect the external
generalizability of the findings. Future research could broaden the scope and structure of
the sample, especially by incorporating small and medium-sized enterprises, urban-rural
areas, and workers from various occupational categories, in order to construct a more
representative map of construction workforce transformation [15].

Secondly;, this study adopts qualitative interviews as the primary method, focusing
on an in-depth analysis of the perceptions and practices of multiple stakeholders. While
this approach is valuable for capturing the cognitive logic and interactive mechanisms in
complex contexts, it lacks support from quantitative data. Future research could incorporate
methods such as surveys, structural equation modelling, system dynamics, or multi-agent
interaction models to examine the causal mechanisms and interaction pathways among
training investment, cognitive differences, and job-role alignment, thereby enhancing the
explanatory power of the theoretical framework [75].

Thirdly, this study primarily focuses on the static current state of construction work-
force development, with limited attention to the dynamic adaptation mechanisms under
the ongoing evolution of Al technologies. As a result, it does not fully reveal the temporal
relationships among policy adjustments, job changes, and worker adaptation. Future
studies could employ process tracing or longitudinal comparative approaches to explore
learning feedback, path dependency, and capability upgrading mechanisms throughout
the long-term technological evolution of the construction workforce [76].

Finally, although this study includes perspectives from various groups, it lacks suffi-
cient depth in addressing the specific adaptation barriers and developmental trajectories of
marginalized groups such as women, young workers, and job-transitioning individuals.
Future research could focus on the reconstruction of occupational identity, the evolution of
technological perceptions, and the development of motivational mechanisms among these
groups [77], systematically examining the institutional support and empowerment strate-
gies needed to facilitate their inclusion in the Al-driven transformation of the construction
industry, thereby providing stronger support for inclusive workforce development policies.

6. Conclusions

This study centres on the core theme of “From Skilled Worker to Smart Talent,”
focusing on the structural transformation of the construction workforce driven by Al
technologies. It systematically addresses three key questions: how Al reshapes job roles
and skill structures in the construction industry; how different stakeholders differ in their
understanding and responses to workforce transformation; and how to develop workforce
strategies that support continuous adaptation and capability upgrading in the Al era.

Based on in-depth interviews with 20 respondents in Chongqing, the study finds that
Al technologies have been deeply embedded across the full process of design, construction,
operation, and management, driving a shift in job roles toward data-driven and system-
operation-oriented positions, and accelerating the transition of skill structures toward
greater complexity and digitalization. At the same time, there is a systemic disconnect
among stakeholders in terms of cognitive understanding and responsive actions, character-
ized by a fragmented pattern: government initiatives exist, enterprises respond at different
levels, educational institutions react slowly, and workers tend to adopt a wait-and-see
attitude. Frontline workers encounter multiple barriers including limited skill foundations,
time conflicts, and psychological stress, while existing training programs commonly suffer
from obsolete content, inflexible formats, and insufficient motivation. In response, this
study proposes a collaborative workforce development strategy centred on institutional
support, educational reform, enterprise engagement and group development to enhance
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the resilience and inclusiveness of the labour system and promote sustainable development
in the construction industry.

Theoretically, this study integrates the perspectives of dynamic capabilities, orga-
nizational learning, and skill ecosystems to construct an analytical framework of “Job
Transformation—Cognitive Response—Collaborative Strategies,” thereby deepening the
understanding of labour force transformation mechanisms driven by Al in the construction
sector and addressing how workforce development can contribute to the United Nations
Sustainable Development Goals. Practically, it identifies key challenges in workforce de-
velopment within the construction industry through multi-stakeholder interviews and
proposes a four-pillar collaborative strategy tailored to developing countries. Method-
ologically, by adopting a phenomenological orientation and thematic analysis process, it
establishes a multi-level thematic model, enriching the application paradigm of qualitative
research in the context of complex technological change.

Although this study provides structural insights into the mechanism of labour force
transformation in the context of Al from a multi-stakeholder collaboration perspective, it
still has certain limitations, such as the concentration of sample regions, the singularity
of methodological approaches, and insufficient analysis of dynamic processes. Future
research could further expand by broadening the sample scope, introducing mixed methods,
strengthening long-term process tracking, and focusing on the adaptation mechanisms
of marginalized groups. These efforts may contribute to building a resilient, inclusive,
and sustainable construction workforce development system, offering more universal
and forward-looking theoretical support for developing countries facing the challenges of
intelligent transformation.
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