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The housing construction industry in Iran is influenced by a multitude of
factors across various dimensions, including social, economic, physical,
infrastructural, and legal aspects. To enhance land use efficiency, optimize
physical assets and capital, address genuine housing needs, improve the
quantity and quality of housing, and protect the environment, it is
imperative to adopt the principles of Construction 4.0. This study aims to
identify and elucidate the barriers to achieving Construction 4.0 in the
Iranian housing sector from the perspectives of key experts and
stakeholders. The research employs a qualitative content analysis
approach, utilizing data collected through semi-structured, in-depth, face-
to-face interviews designed with open-ended questions. The research
population consists of academic and technical-experiential experts, with
purposive sampling applied to ensure maximum diversity in age, gender,
specialization, educational level, professional background (academic and
technical), and experience, to obtain comprehensive and rich insights from
varied perspectives. The participants comprised 31 experts from diverse
fields, including construction management, project management,
architecture, civil engineering, environmental science, mechanical
engineering, electrical engineering, energy, industrial management,
industrial design, and related disciplines. Through data conceptualization,
the study identified 5 main themes, 28 sub-themes, and 105 codes. The
main themes are: "socio-cultural”, "economic”, ‘"institutional-
administrative”, "legal-regulatory”, and "infrastructural”.
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1. Introduction

The Fourth Industrial Revolution is transforming the
construction industry at its very core, ushering it
into the era of intelligent construction. Emerging
technologies like Building Information Modeling
(BIM), the Internet of Things (loT), big data, cloud
computing, and artificial intelligence have
permeated every phase of the building lifecycle and
are driving this revolution. Despite the multitude of
definitions and the absence of a shared framework,
the consensus appears to be that Construction 4.0
can be understood as the application of Industry 4.0
principles to the construction sector or, more
broadly, as the digitalization of construction
processes. Conventionally, the development of BIM
strategies has served as a basis, bringing about
greater awareness and facilitating a gradual
paradigm shift within the construction sector.
Today, the trend towards Construction 4.0 is
increasingly needed to surpass the current
limitations of BIM, which has arrived at the
maturity stage of development (Bahrami et al.,,
2025; Eghbal et al., 2025; Ershadi et al., 2024; Khalili
et al,, 2025; Long et al., 2025; Salaheen et al., 2024).
Construction 4.0, as a notion within the field of
housing construction, is the synthesis and
amalgamation of a wide range of concepts like
industrialized production (for instance,
prefabrication, 3D printing, off-site construction,
and assembly); cyber-physical systems (for
example, robots and collaborative robots for
repetitive or risky work, navigation, positioning, and
actuation); and digital technologies (for instance,
BIM, video and laser scanning, 10T, sensors, artificial
intelligence, cloud computing, big data analytics,
reality capture, blockchain, simulation, augmented
reality, data standards, interoperability, and vertical
and horizontal integration). Given the big role of
the construction industry in the economy of any
nation, addressing the challenges associated with
urban settlements entails the adoption of
Construction 4.0 in Iran. Thus, the question of
research is posed by this study as: What are the
barriers to the actualization of Construction 4.0 in
Iranian home building, based on the perceptions of
key experts and stakeholders? Additionally, how
can these barriers be categorized?

2. Methodology

This study adhered to a conventional qualitative
content analysis approach to examine the
hindrances to the actualization of Construction 4.0
in Iranian residential development. The population
of this study consisted of academic and technical-
experiential experts, where the participants were

selected through purposive sampling with
maximum variation to attain a comprehensive and
diverse range of views. The sampling criteria
included age, gender, specialization, educational
level, professional experience (academic and
technical), and expertise. There were 31
participants, and the expertise covered
construction management, project management,
architecture, civil engineering, environmental
science, mechanical engineering, electrical
engineering, energy, industrial management,
industrial design, and related fields. The age of the
participants ranged from 34 to 57 years, and they
had 8 to 33 years of working experience in their
fields relevant to the research aims.

The data were collected through in-depth, semi-
structured, face-to-face interviews using open-
ended questions. The interview guide was
developed in a semi-structured format, informed by
expert discussion and consultation, as well as the
empirical literature of the field. To determine the
validity and accuracy of questions, content validity
was employed. Data analysis was done using the
conventional method of content analysis, informed
by the analytical framework proposed by
Graneheim and Lundman, which includes the
following steps:

e Transcription of the interviews and reading
them repeatedly to develop an exhaustive
idea of the content;

e Selecting meaning units and abstracting
them into categorized units;

e Summarizing and categorizing abstracted
units, labeling them with relevant titles;

e Arranging subcategories based on
comparisons of similarities and
differences;

e Selecting a title that encompasses the
deduced categories exhaustively.

To uphold the rigor and trustworthiness of the
findings, the study adhered to Guba and Lincoln's
four criteria: credibility, dependability,
transferability, and confirmability. Credibility was
enhanced by prolonged engagement, deep
interaction with participants, and member
checking, in which participants screened and
approved the data. Dependability was provided by
prompt transcription, external checking by peers,
and iterative examination of the entire dataset.
Time triangulation and maximum variation
sampling also provided credibility and
confirmability to the results. Confirmability was
provided by researcher neutrality and agreement
on codes and themes. Transferability was aided by
the use of direct quotations, thick descriptions of
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the data, and checking with experienced academic
peers.

To establish the stability of the findings over time,
prolonged exposure to the phenomenon,
continuous monitoring for enhancing credibility,
and constant comparative analysis were employed
to render reliability. In addition to this, there was
also a research audit for enhancing reliability,
whereby all the stages of the research process,
decisions, documents, and findings were audited by
an external auditor not involved in the study. Unlike
guantitative research, where representative
sampling is prioritized, qualitative research
prioritizes transferability. For this, the researcher
thoroughly documented and reported all the
research stages and decisions. Purposive sampling
with maximum variation, together with detailed
descriptions of participants, sampling strategies,
and data collection environments, also enabled
transferability.

Confirmability, or objectivity, was ensured through
external review. Half of the interviews, along with
their extracted codes, were reviewed by an
experienced qualitative researcher or professor not
included in the research team to ascertain
congruence between the researcher's and
reviewer's interpretations. In case of disagreement,
the researcher reanalyzed the data and resubmitted
to the reviewer until a consensus was achieved. The
researcher also sought advice from relevant experts
in naming categories, subcategories, and sub-
themes in an attempt to minimize personal biases
during analysis.

3. Results and Discussion

Data analysis yielded five primary themes of the
challenges to the adoption of Construction 4.0 in
housing development in Iran: socio-cultural,
economic, institutional-administrative, legal-
regulatory, and infrastructural.

3.1. Socio-Cultural

This theme has six sub-themes: (1) Change and
Acceptance, (2) Awareness and Education, (3)
Tradition, (4) Inequality, (5) Innovation and
Exploitation, and (6) Synergy.

e Change and Acceptance: Resistance to
change, negative attitudes toward new
technology, lack of confidence in
industrialization processes, and
perceptions of low value in advanced
construction techniques are constraints to
adopting Construction 4.0. Stakeholders,
accustomed to traditional approaches,
view new technologies as threats, rather
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than opportunities, reducing project
innovation and efficiency.

e Awareness and Education: There is limited
awareness of Construction 4.0 benefits,
and insufficient training of contractors and
engineers discourages adoption.
Insufficient academic focus on new
technologies and institutional initiatives to
promote awareness exacerbates the
scenario,  perpetuating reliance on
traditional methods.

e Tradition: Deeply rooted traditional
construction methods dominate due to
familiarity and lower costs, with opposition
to newer approaches. Local culture
supporting traditional methods and
incompatibility = between  new  and
traditional methods also  dissuade
technology adoption.

e Inequality: Socio-economic disparities limit
access to resources, skilled labor, and
technologies, particularly in disadvantaged
areas. Unhealthy price-based rather than
quality-based competition demotivates
innovation and sustainability.

e Innovation and Exploitation: Lack of
awareness campaigns and stakeholders'
risk aversion demotivate the adoption of
technological innovations. Insufficient
promotion of modern construction
methods limits their integration into
projects.

e Synergy: Inadequate cultural nurturing of
cooperation and opposition to localized
solutions dissuade stakeholders from
collaborating. This lack of synergy
diminishes trust and participation in
innovative housing solutions.

3.2. Economic

This theme involves six sub-themes: (1)
Development, (2) Market, (3) Research Investment,
(4) Support, (5) Risk and Instability, and (6)
Financing.

e Development: High training costs and low
investment in human resource skills
development discourage the adoption of
new technologies, reducing project quality
and industry competitiveness.

e Market: Intense price-based competition
reduces profit margins, restricting
investment in innovation and new
machinery. Lack of market access for new
products also discourages the adoption of
new technologies.
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e Research Investment: Low investment in
research and development discourages
innovation, rendering firms reliant on
outdated practices and unable to meet
international standards.

e Support: Lack of subsidies and financial
incentives discourages investment in
Construction 4.0, stalling innovative
projects due to their high initial cost.

e Risk and Instability: High investment risk,
long payback times, and economic
instability  deter  stakeholders  from
investing in new technologies, instead
choosing traditional methods.

e Financing: Poor access to financial capital
and credit restricts the execution of
innovative projects, particularly for small-
sized companies, delaying industry growth.

3.3. Institutional-Administrative

This theme encompasses seven sub-themes: (1)
Policy and Planning, (2) Executive Management, (3)
Structural, (4) Collaboration, (5) Resources, (6)
Information Dissemination, and (7) Experiences.

e Policy and Planning: Inadequate long-term
housing strategies and strategic policies for
Construction 4.0 lead to resource
misallocation and market distortions.

e Executive Management: Inadequate
project management, inadequate change
management, and absence of innovation
frameworks result in delays and cost
overruns.

e  Structural: Complex bureaucratic
processes and lack of transparency cause
inefficiencies and distrust, deterring
investment and project realization.

e Collaboration: Insufficient international
and domestic collaboration with
technology firms impedes knowledge
transfer and assimilation of innovations.

e Resources: Shortage of skilled manpower
and lack of training facilities impedes the
application of advanced technologies.

¢ Information Dissemination: Poor
dissemination of regulations to
stakeholders leads to non-compliance and
reduced quality of projects.

3.4. Legal-Regulatory

It has five sub-themes: (1) Implementation, (2)
Conflicts and Overlaps, (3) Formulation and
Updating, (4) Support, and (5) Standards.

e Implementation: Burdensome permitting
processes and lack of transparency

increase project delays and costs, and
corruption undermines trust.

e Conflicts and Overlaps: Incongruent
regulations between institutions create
confusion and inefficiencies, and
undermine project implementation.

e Formulation and Updating: Outdated
regulations fail to keep wup with
technological advancements, discouraging
the application of modern construction
methods.

e Support: Lack of legal support for
innovative firms discourages investment in
new technologies, limiting industry
growth.

e Standards: Absence of environmental and
materials standards compromises project
quality and sustainability, and increases
risks.

3.5 Infrastructural

There are four sub-themes under this theme: (1)
Energy, (2) Support, (3) Data and Information, and
(4) Technological.

e Energy: Unreliable energy grids and a lack
of renewable energy sources result in
disruption to construction processes and
increased costs.

e Support: Inadequate advanced project
management tools and poor coordination
among teams lead to inefficiency and
delays.

e Data and Information: Inadequate digital
infrastructure, lack of access to data, and
absence of integrated information systems
encroach on informed decision-making.

e Technological: Outdated equipment,
limited access to modern tools, and a lack
of high-tech testing laboratories reduce
the quality of construction and innovation.

These findings highlight the complex interplay of
socio-cultural, economic, institutional, legal, and
infrastructural barriers to the adoption of
Construction 4.0 in the Iranian housing sector.

4, Conclusions

The findings of this study present a multi-faceted
array of barriers toward the adoption of
Construction 4.0 in Iran's residential development,
categorized within five overarching themes: socio-
cultural, economic, institutional-administrative,
legal-regulatory, and infrastructural (software and
hardware). Collectively, they cause decreased
productivity, higher expenses, and project delays,
distancing the Iranian housing construction sector
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from global standards. To surmount these
challenges, concerted multi-dimensional efforts are
required. First, the introduction of education and
cultural awareness programs is instrumental to the
transformation of stakeholders' attitudes towards
emerging technologies. Second, the establishment
of financial incentives and investment facilitation
environments can attract more resources and
minimize economic risks. Thirdly, the restructuring
of legal and regulatory frameworks, the reduction
of  administrative  bureaucracy, and the
enhancement of coordination between concerned
institutions are indispensable steps.
Simultaneously, the development of digital
infrastructure, modernization of equipment, and
expansion of international collaboration on the
transfer of advanced knowledge and technologies
can impel the housing construction industry toward
digitalization and adherence to global standards.
The achievement of these objectives is a national
priority and all-sided collaboration of government,
private sector, universities, and society to
consistently transform existing challenges into
opportunities  for  sustainable growth and
development. Because this is a qualitative study,
one limitation is that it is not generalizable.
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Figure 1. Conceptualization of barriers.
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