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HIGHLIGHTS

GRAPHICAL ABSTRACT

e The barriers to achieving Construction
4.0 were categorized into 7 hierarchical
levels.

e "Market conditions and  energy
resources" are the most significant
influential barriers, and "tradition and
past experiences" are the most essential
foundational barriers.

® The barriers of "change and acceptance”
and "awareness and education" are
deemed critical due to their high
dependency and extensive influence on
the system.
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This study aims to identify and hierarchize barriers to adopting Construction
4.0 in Iran's housing development sector from an innovation perspective,
employing an Interpretive Structural Modeling (ISM) approach. To evaluate
the influence and dependency of these barriers, insights from 10 experts,
selected via purposive snowball sampling, were collected. Data were
gathered through a pairwise comparison questionnaire, with the highest
level of expert consensus determining the decision-making criterion. The
barriers to implementing Construction 4.0 in housing development were
classified into seven hierarchical levels, where lower levels represent
foundational barriers and higher levels denote influential barriers. Market
conditions and energy resources emerged as highly influential barriers,
while tradition and past experiences were identified as foundational
barriers. Analysis of dependency strength and driving power revealed that
"change and acceptance" and "awareness and education" exhibited
significant influence and dependency, whereas "innovation and utilization"
and "energy" demonstrated comparatively lower impact.
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1. Introduction

The Fourth Industrial Revolution, through the
integration of digital, cyber-physical, and intelligent
technologies, has introduced a fundamental
transformation in industry and production. It is built
upon technologies such as the Internet of Things
(I0T), artificial intelligence (AI), advanced robotics,
big data, and 3D printing, aiming to establish
intelligent and interconnected production networks.
Unlike previous revolutions that primarily relied on
power and automation, Industry 4.0 emphasizes
dynamic interaction among machines, data, and
humans, thereby shifting industries toward flexible,
predictive, and customized production. Its
penetration into the construction sector highlights
the necessity of redefining processes, project
management, and organizational structures, leading
to the emergence of “Construction 4.0.”
Construction 4.0, as a reflection of this new
paradigm, focuses on automation, digitalization,
robotics, and sensor-based monitoring of processes.
This approach responds to the long-standing
challenges of the construction industry, such as
resistance to change, lack of process integration, and
relatively low productivity compared with
manufacturing sectors. The adoption of tools such as
Building Information Modeling (BIM), Lean
Construction, and Integrated Project Delivery (IPD)
can help overcome these barriers. At the same time,
Construction 4.0 addresses the growing demand for
customized and sustainable projects while
contributing to carbon footprint reduction through
technologies such as 3D printing, big data analytics,
virtual reality, and IoT.

Beyond its advantages—including higher
productivity, greater design accuracy, resource
optimization, reduced project duration, and
enhanced safety—this transformation also entails
challenges, including high initial investment costs,
workforce training requirements, data security risks,
and the traditional resistance of industry
stakeholders. Nevertheless, targeted investment and
strategic management can generate long-term
benefits for the construction sector. Given the central
role of housing in national economies and the
persistent challenges facing urban settlements,
achieving Construction 4.0 in the housing sector of
Iran emerges as an essential necessity. Accordingly,
this study seeks to explore, through Interpretive
Structural Modeling (ISM), the importance,
hierarchical levels, and structural interrelations of
barriers to the adoption of this transformation from
the perspective of experts (Bahrami et al., 2025;
Eghbal et al, 2025; Ershadi et al, 2024
Khalili et al., 2025; Rahbaripour et al., 2025).

2. Methodology

This study seeks to analyze and hierarchically
structure the barriers to achieving Construction 4.0
in the development of housing in Iran, extending a

prior study that identified these barriers. To achieve
the research objectives, the Interpretive Structural
Modeling (ISM) methodology was employed, a
systematic and interactive approach designed to
dissect complex interrelationships among system
elements. By breaking down multifaceted issues into
manageable components, ISM facilitates a deeper
understanding of inter-variable dynamics and
enables the construction of a hierarchical framework
to represent these relationships. The ISM process in
this research encompassed the following stages:
First, to establish the contextual relationships
among Dbarriers previously identified through
qualitative content analysis—published in a separate
article—pairwise comparisons were conducted with
the participation of 10 expert specialists selected via
purposive snowball sampling. These experts, drawn
from domains including construction, advanced
technologies, housing policy, and project
management, were identified through professional
networks, academic institutions, and relevant
organizations. Invitations were extended via email,
telephone, or in-person meetings, with meticulous
coordination to ensure effective engagement.
Pairwise comparison questionnaires, accompanied
by comprehensive written instructions, were
provided to the experts to ensure accuracy and
consistency in responses.

Next, the results of the pairwise comparisons were
recorded in a Structural Self-Interaction Matrix
(SSIM), which captured inter-barrier relationships
using standard notations: V (barrier i influences j), A
(barrier i is influenced by j), X (bidirectional
influence), and O (no relationship). The SSIM was
subsequently converted into an initial reachability
matrix with binary values (0 and 1). By applying
transitivity rules—where if barrier X Influences Y
and Y Influences Z, then X Influences Z—the final
reachability matrix was developed, delineating the
driving power (the number of barriers a given barrier
influences) and dependence (the number of barriers
influencing a given barrier) for each barrier.
Hierarchical structuring was achieved through
reachability and antecedent sets, organizing barriers
into levels from the most dependent (Level 1) to the
most driving (Level 7). This process distinguished
foundational barriers, which exert indirect but
profound impacts, from operational barriers, which
have direct but dependent effects.

Finally, the ISM model was graphically rendered to
visually depict the relationships and hierarchy of
barriers. Additionally, a MICMAC (Cross-Impact
Matrix Multiplication Applied to Classification)
analysis was performed to categorize barriers into
four groups: autonomous (low dependence and
driving power), dependent (high dependence, low
driving power), independent (high driving power,
low dependence), and linkage (high dependence and
driving power). Through graphical representation
based on influence and dependence, this analysis
provided a precise assessment of each barrier’s role
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within the system, identifying leverage points for
strategic interventions. The absence of autonomous
barriers underscored the high complexity and
interconnectedness of the barrier system.

This multi-stage process, integrating qualitative
methods (qualitative content analysis and pairwise
comparisons) with quantitative techniques (binary
matrices and MICMAC analysis), enabled a
comprehensive and nuanced exploration of inter-
barrier relationships. The methodology not only
elucidated the hierarchical structure of barriers but
also established a foundation for devising targeted
strategies to address them. By systematically
modeling the complex interactions among barriers,
the study identified priority areas for intervention to
achieve Construction 4.0 in Iran’s housing
development.

3. Results and Discussion

Employing the ISM methodology, barriers were
organized into seven hierarchical levels, with lower
levels representing more foundational barriers and
higher levels indicating more operational ones. At
Level 1, the most dependent level, two critical
barriers- “market conditions” and “energy
resources”’-were  identified. Due to  their
infrastructural nature, these barriers exert a
pervasive influence across the system. Unstable
market conditions, characterized by price volatility
and demand unpredictability, render investments in
advanced technologies, such as the Internet of
Things (IoT) and artificial intelligence, highly risky,
thereby stifling innovation incentives within
construction firms. Similarly, limited access to
reliable energy resources, compounded by inefficient
distribution networks and reliance on unsustainable
sources like fossil fuels, constrains the
implementation of smart systems and automation,
raising concerns about technological dependability.
These foundational barriers reinforce resistance to
change and technology adoption, directly impacting
barriers at Level 2.

Level 2 includes barriers such as “change and
adoption,”  “innovation  and  exploitation,”
“standards,” and “technology.” Market instability
and energy limitations hinder the adoption of new
technologies, confining innovation to short-term,
low-risk solutions. The absence of unified standards
(e.g., for energy efficiency or digital security) further
complicates technology implementation, posing
technical and regulatory challenges. For instance,
without standardized protocols, integrating smart
systems into housing projects becomes impractical
or excessively costly. Level 3 comprises barriers such
as “synergy,” “development,” “research investment,”
“supportive measures,” “collaboration,” “execution,”
and “data and information,” which are directly
influenced by lower-level barriers. For example, the
lack of common standards and energy constraints
disrupts synergy among systems (e.g., integration of
design and project management software) and
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diminishes research and development investment,
while poor stakeholder collaboration (government,
industry, and academia) renders execution processes
inefficient.

Level 4 encompasses barriers such as “awareness
and education,” “executive management,”
“structural issues,” “information dissemination,”
and “conflicts and interferences.” Limited public
awareness and effective training programs stem
from constraints in research and information
availability at lower levels, fostering workforce
resistance to new technologies. Organizational
conflicts (e.g., overlapping responsibilities between
public and private entities) and managerial
inefficiencies arise from inadequate coordination at
lower levels, undermining system performance.
Level 5 includes barriers such as “inequality,” “risk
and instability,” “financing,” “formulation and
updating,” and “support,” reflecting the cumulative
effects of lower-level barriers. Inequality in resource
distribution (e.g., unequal access of small firms to
technology) and heightened economic instability
exacerbate challenges in financing technological
projects and delay policy updates.

Level 6 includes “policy-making and planning,”
“resources,” and “institutional support,” influenced
by financial constraints, inequalities, and
instabilities. Ineffective policymaking, for instance,
results from a shortage of specialized human
resources and weak institutional support. Finally,
Level 7, the most driving level, comprises “tradition”
and “past experiences,” which, as foundational
barriers, reinforce entrenched resistance to change
and perpetuate the cultural impact of unsuccessful
past initiatives. The MICMAC analysis revealed that
barriers such as “change and adoption” and
“awareness and education” are pivotal due to their
high dependence and driving power, acting as
linkage barriers where minor interventions can yield
significant systemic effects. Conversely, barriers like
“innovation and exploitation” and “energy” are
primarily dependent, with limited driving power,
while “tradition” and “past experiences” are
independent, exhibiting high driving power but low
dependence. These barriers can both impede change
and serve as potential sources of innovation (e.g.,
integrating traditional Iranian architecture with
modern technology). The absence of autonomous
barriers  highlights the system’s intricate
interconnectedness.

The ISM analysis demonstrated that barriers to
achieving Construction 4.0 in Iran’s housing
development form a complex, multilayered, and
systemic structure, with causal relationships flowing
from foundational to operational levels. Level 1
barriers (market and energy) exert broad influence
as infrastructural foundations, necessitating
immediate attention to establish a stable
environment. For instance, stabilizing the market
through transparent pricing mechanisms and
demand forecasting can mitigate investment risks,
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while ensuring reliable energy access (e.g., through
renewable energy investments) enhances the
feasibility of smart systems. These barriers are not
only technical but also economic and environmental,
and neglecting them perpetuates a cycle of resistance
and inefficiency.

Level 2 and 3 barriers, such as innovation, synergy,
and research investment, underscore the need to
strengthen technical and collaborative capacities.
The lack of unified standards and technological
challenges  stifles innovation and disrupts
stakeholder synergy. Establishing national standards
for construction technologies (e.g., BIM and IoT) and
investing in collaborative research centers can
address these barriers. Mid-level barriers (Levels 4
and 5), such as awareness, executive management,
and inequality, reflect the cumulative impact of
lower-level challenges, emphasizing human and
organizational dimensions. Insufficient training fuels
workforce resistance, while inequality (e.g., unequal
access of small firms to resources) threatens digital
equity. Proposed interventions include
comprehensive training programs (e.g., online
workshops for engineers) and support funds for
small firms to mitigate these barriers.

Higher-level barriers (Levels 6 and 7), such as
policymaking and tradition, highlight the need for
long-term cultural and policy reforms. Ineffective
policymaking stems from instability, while past
experiences can serve as both barriers (cultural
resistance) and opportunities (integrating
traditional Iranian architecture with modern
technology). The MICMAC analysis emphasizes that
linkage barriers, such as change and adoption, are
critical system nodes, and interventions targeting
them can generate cascading effects. A three-stage
roadmap is proposed: in the short term, stabilizing
foundational infrastructure (market and energy)
through supportive government policies and green
energy investments; in the medium term,
strengthening mid-level capacities like education
and executive management through research and
development centers, digital information systems,
and collaborative networks; and in the long term,
integrating policies, establishing innovation support
funds, and blending tradition with advanced
technologies (e.g., smart hybrid architecture using
Al). These strategies, supported by integrated
monitoring systems (e.g., managerial dashboards)
and smart construction pilot centers, enable the
adoption of advanced technologies like 10T, Al, and
3D printing, reducing housing construction
timelines.

This analysis not only elucidates the complexity of
barriers but also provides a comprehensive and
actionable roadmap for transforming Iran’s housing
construction industry. By focusing on systemic
relationships, it facilitates the achievement of
Construction 4.0 objectives. Ultimately, the success
of this transformation depends on coordinated
collaboration among government, industry, and

society to transform cultural and economic
challenges into developmental opportunities.

4. Conclusions

The ISM-based analysis of barriers to achieving
Construction 4.0 in Iran’s housing construction
reveals a complex, multilayered structure,
encompassing foundational elements like market
conditions and energy resources to cultural factors
such as tradition and past experiences. Prioritizing
key barriers like “change and adoption” and
“awareness and education” is critical due to their
high dependence and extensive systemic impact.
However, success requires addressing infrastructural
barriers, such as market instability and energy
challenges, alongside managing cultural influences
at higher levels. This complexity underscores the
need for a holistic and coordinated approach that
simultaneously enhances infrastructure, fosters
collaboration, and elevates public awareness.
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C-1C-2C-4C-5C-6C-7C-8C-9C-10C-11C-12C-
13C-14C-15C-16C-17C-18C-20C-21C-22C-
23C-24C-25C-27C-28

C-8

C-1C-2C-4C-5C-6C-7C-8C-9C-10C-11C-12C-
13C-14C-15C-16C-17C-18C-20C-21C-22C-
24C-25C-26C-27C-28
C-1C-2C-4C-5C-6C-7C-8C-9C-10C-14C-
15C-16C-18C-20C-21C-22C-24C-25C-27C-
28
C-1C-2C-4C-5C-6C-7C-8C-9C-10C-11C-12C-
13C-14C-15C-16C-17C-18C-20C-21C-22C-
23C-24C-25C-26C-27C-28
C-1C-2C-4C-5C-6C-7C-8C-9C-10C-11C-12C-
14C-15C-16C-18C-20C-21C-22C-24C-25C-
26C-27C-28
C-1C-2C-4C-5C-6C-7C-8C-9C-10C-11C-12C-
13C-14C-15C-16C-17C-18C-20C-21C-22C-
23C-24C-25C-26C-27C-28
C-1C-2C-5C-6C-7C-8C-9C-10C-11C-14C-
15C-16C-18C-20C-21C-24C-25C-26C-27C-
28
C-1C-2C-4C-5C-6C-7C-8C-9C-10C-11C-12C-
13C-14C-15C-16C-17C-18C-20C-21C-22C-
23C-24C-25C-26C-27C-28
C-1C-2C-4C-5C-6C-7C-8C-9C-10C-11C-14C-
16C-18C-20C-24C-25C-27C-28

C-1C-2C-4C-5C-6C-7C-8C-9C-10C-11C-12C-
13C-14C-15C-16C-17C-18C-20C-21C-22C-
23C-24C-25C-26C-27C-28
C-1C-2C-4C-5C-6C-7C-8C-9C-10C-14C-
15C-16C-18C-20C-21C-24C-25C-27C-28

C-1C-2C-3C-4C-5C-6C-7C-8C-9C-10C-11C-
12C-13C-14C-15C-16C-17C-18C-19C-20C-
21C-22C-23C-24C-25C-26C-27C-28
C-1C-2C-4C-5C-6C-7C-8C-9C-10C-11C-12C-
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25C-26C-27C-28
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C-1C-2C-4C-6C-7C-9C-10C-11C-12C-
13C-14C-15C-17C-18C-20C-21C-22C-
23C-24C-26C-27C-28
C-1C-2C-4C-7C-9C-10C-11C-12C-13C-
15C-17C-20C-21C-22C-23C-26C-27

C-1C-2C-4C-7C-11C-13C-15C-17C-21C-
22C-23

C-1C-5C-6C-7C-9C-10C-15C-16C-21C-
24C-28

C-25

C-1C-2C-4C-9C-11C-12C-13C-14C-15C-
17C-20C-21C-22C-26C-27C-28

C-1C-2C-4C-5C-6C-7C-9C-10C-14C-
15C-16C-18C-20C-21C-22C-26C-27C-
28
C-1C-2C-5C-6C-7C-9C-10C-15C-16C-
18C-20C-21C-24C-26C-27C-28

C-1C-2C-3C-4C-6C-7C-9C-10C-11C-12C-
13C-14C-15C-17C-18C-19C-20C-21C-22C-
23C-24C-26C-27C-28
C-1C-2C-3C-4C-7C-9C-10C-11C-12C-13C-
15C-17C-19C-20C-21C-22C-23C-26C-27

C-1C-2C-3C-4C-7C-11C-13C-15C-17C-19C-
21C-22C-23

C-1C-2C-3C-4C-5C-6C-7C-9C-10C-11C-
12C-13C-14C-15C-16C-17C-18C-19C-20C-
21C-22C-23C-24C-26C-27C-28
C-1C-2C-3C-4C-5C-6C-7C-9C-10C-11C-
12C-13C-14C-15C-16C-17C-18C-19C-20C-
21C-22C-23C-24C-25C-26C-27C-28

C-1C-2C-3C-4C-9C-11C-12C-13C-14C-15C-
17C-19C-20C-21C-22C-23C-26C-27C-28

C-1C-2C-3C-4C-5C-6C-7C-9C-10C-11C-
12C-13C-14C-15C-16C-17C-18C-19C-20C-
21C-22C-23C-26C-27C-28
C-1C-2C-3C-4C-5C-6C-7C-9C-10C-11C-
12C-13C-14C-15C-16C-17C-18C-19C-20C-
21C-22C-23C-24C-26C-27C-28
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22C-23C-24C-25C-26C-27C-28
C-1C-2C-4C-5C-6C-7C-8C-9C-10C-11C-
12C-13C-14C-15C-16C-17C-18C-20C-21C-
22C-23C-24C-25C-26C-27C-28
C-1C-2C-4C-5C-6C-7C-8C-9C-10C-11C-
12C-13C-14C-15C-16C-17C-18C-20C-21C-
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22C-24C-25C-26C-27C-28
C-1C-2C-4C-5C-6C-7C-8C-9C-10C-14C-
15C-16C-18C-20C-21C-22C-24C-25C-
26C-27C-28
C-1C-2C-5C-6C-7C-8C-9C-10C-15C-16C-
18C-20C-21C-24C-25C-26C-27C-28

Y&

A%

YA

Exit > Level 1

C-1C-2C-4C-5C-6C-7C-9C-10C-11C-12C-
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12C-13C-14C-15C-16C-17C-18C-20C-
21C-22C-23C-24C-26C-27C-28

C-1C-2C-4C-7C-9C-10C-11C-12C-13C-
14C-15C-16C-17C-18C-20C-21C-22C-
23C-26C-27C-28

C-3C-19

C-1C-2C-4C-7C-9C-10C-11C-12C-13C-
15C-16C-17C-18C-20C-21C-22C-23C-
26C-27

C-1C-5C-20C-24C-27C-28

C-1C-6C-7C-9C-10C-15C-16C-20C-
21C-24C-27C-28

C-1C-2C-4C-6C-7C-9C-10C-11C-12C-
13C-14C-15C-16C-17C-18C-20C-21C-
22C-23C-24C-27C-28
C-1C-2C-4C-6C-7C-9C-10C-11C-12C-
13C-14C-15C-16C-17C-18C-20C-21C-
22C-24C-26C-27C-28

C-1C-2C-3C-4C-5C-6C-7C-9C-10C-11C-
12C-13C-14C-15C-16C-17C-18C-19C-20C-
21C-22C-23C-24C-26C-27C-28

C-1C-2C-3C-4C-7C-9C-10C-11C-12C-13C-
14C-15C-16C-17C-18C-19C-20C-21C-22C-
23C-26C-27C-28

C-3C-19

C-1C-2C-3C-4C-7C-9C-10C-11C-12C-13C-
15C-16C-17C-18C-19C-20C-21C-22C-23C-
26C-27
C-1C-2C-3C-4C-5C-6C-7C-9C-10C-11C-
12C-13C-14C-15C-16C-17C-18C-19C-20C-
21C-22C-23C-24C-26C-27C-28

C-1C-2C-3C-4C-6C-7C-9C-10C-11C-12C-
13C-14C-15C-16C-17C-18C-19C-20C-21C-
22C-23C-24C-26C-27C-28
C-1C-2C-3C-4C-6C-7C-9C-10C-11C-12C-
13C-14C-15C-16C-17C-18C-19C-20C-21C-
22C-23C-24C-26C-27C-28
C-1C-2C-3C-4C-6C-7C-9C-10C-11C-12C-
13C-14C-15C-16C-17C-18C-19C-20C-21C-
22C-23C-24C-26C-27C-28

13C-14C-15C-16C-17C-18C-20C-21C-22C-
23C-24C-26C-27C-28
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24C-26C-27C-28
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C-1C-2C-4C-6C-7C-9C-10C-14C-
15C-16C-18C-20C-21C-22C-24C-
27C-28
C-1C-2C-4C-7C-9C-11C-12C-13C-
14C-15C-16C-17C-20C-21C-22C-23C-
26

C-1C-2C-4C-7C-9C-11C-12C-15C-
20C-21C-22C-26

C-1C-2C-4C-7C-9C-11C-13C-15C-
17C-20C-21C-22C-23C-26

C-1C-2C-7C-9C-10C-11C-14C-15C-
16C-18C-20C-21C-26C-27

C-1C-2C-4C-6C-7C-9C-10C-11C-12C-
13C-14C-15C-17C-18C-20C-21C-22C-
23C-24C-26C-27C-28
C-1C-2C-4C-6C-7C-9C-10C-11C-14C-
16C-18C-20C-24C-27C-28

C-1C-2C-4C-7C-9C-11C-13C-15C-
17C-21C-22C-23C-26

C-1C-2C-4C-7C-9C-10C-14C-15C-
16C-18C-20C-21C-27C-28

C-3C-19

C-1C-2C-4C-5C-6C-7C-9C-10C-11C-
12C-13C-14C-15C-16C-18C-20C-21C-
22C-26C-27C-28
C-1C-2C-4C-6C-7C-9C-10C-11C-12C-
13C-14C-15C-17C-18C-20C-21C-22C-
23C-24C-26C-27C-28
C-1C-2C-4C-7C-9C-10C-11C-12C-
13C-15C-17C-20C-21C-22C-23C-
26C-27
C-1C-2C-4C-7C-11C-13C-15C-17C-
21C-22C-23

C-1C-5C-6C-7C-9C-10C-15C-16C-
21C-24C-28

C-1C-2C-4C-9C-11C-12C-13C-14C-
15C-17C-20C-21C-22C-26C-27C-28

C-1C-2C-4C-5C-6C-7C-9C-10C-14C-
15C-16C-18C-20C-21C-22C-26C-
27C-28

C-1C-2C-5C-6C-7C-9C-10C-15C-
16C-18C-20C-21C-24C-26C-27C-28

C-1C-2C-3C-4C-6C-7C-9C-10C-11C-12C-
13C-14C-15C-16C-17C-18C-19C-20C-21C-
22C-23C-24C-26C-27C-28
C-1C-2C-3C-4C-7C-9C-11C-12C-13C-14C-
15C-16C-17C-19C-20C-21C-22C-23C-26

C-1C-2C-3C-4C-7C-9C-11C-12C-13C-15C-
17C-19C-20C-21C-22C-23C-26

C-1C-2C-3C-4C-7C-9C-11C-13C-15C-17C-
19C-20C-21C-22C-23C-26

C-1C-2C-3C-4C-7C-9C-10C-11C-12C-13C-
14C-15C-16C-17C-18C-19C-20C-21C-22C-
23C-26C-27
C-1C-2C-3C-4C-6C-7C-9C-10C-11C-12C-
13C-14C-15C-17C-18C-19C-20C-21C-22C-
23C-24C-26C-27C-28
C-1C-2C-3C-4C-6C-7C-9C-10C-11C-12C-
13C-14C-15C-16C-17C-18C-19C-20C-21C-
22C-23C-24C-26C-27C-28
C-1C-2C-3C-4C-7C-9C-11C-13C-15C-17C-
19C-21C-22C-23C-26

C-1C-2C-3C-4C-7C-9C-10C-11C-12C-13C-
14C-15C-16C-17C-18C-19C-20C-21C-22C-
23C-26C-27C-28

C-3C-19

C-1C-2C-3C-4C-5C-6C-7C-9C-10C-11C-
12C-13C-14C-15C-16C-17C-18C-19C-20C-
21C-22C-23C-26C-27C-28
C-1C-2C-3C-4C-6C-7C-9C-10C-11C-12C-
13C-14C-15C-17C-18C-19C-20C-21C-22C-
23C-24C-26C-27C-28
C-1C-2C-3C-4C-7C-9C-10C-11C-12C-13C-
15C-17C-19C-20C-21C-22C-23C-26C-27

C-1C-2C-3C-4C-7C-11C-13C-15C-17C-19C-
21C-22C-23

C-1C-2C-3C-4C-5C-6C-7C-9C-10C-11C-
12C-13C-14C-15C-16C-17C-18C-19C-20C-
21C-22C-23C-24C-26C-27C-28

C-1C-2C-3C-4C-9C-11C-12C-13C-14C-15C-
17C-19C-20C-21C-22C-23C-26C-27C-28

C-1C-2C-3C-4C-5C-6C-7C-9C-10C-11C-
12C-13C-14C-15C-16C-17C-18C-19C-20C-
21C-22C-23C-26C-27C-28

C-1C-2C-3C-4C-5C-6C-7C-9C-10C-11C-
12C-13C-14C-15C-16C-17C-18C-19C-20C-
21C-22C-23C-24C-26C-27C-28

C-1C-2C-4C-5C-6C-7C-9C-10C-14C-15C-
16C-18C-20C-21C-22C-24C-27C-28

C-1C-2C-4C-5C-6C-7C-9C-10C-11C-12C-
13C-14C-15C-16C-17C-18C-20C-21C-22C-
23C-24C-26C-27C-28
C-1C-2C-4C-5C-6C-7C-9C-10C-11C-12C-
14C-15C-16C-18C-20C-21C-22C-24C-26C-
27C-28
C-1C-2C-4C-5C-6C-7C-9C-10C-11C-12C-
13C-14C-15C-16C-17C-18C-20C-21C-22C-
23C-24C-26C-27C-28
C-1C-2C-5C-6C-7C-9C-10C-11C-14C-15C-
16C-18C-20C-21C-24C-26C-27C-28

C-1C-2C-4C-5C-6C-7C-9C-10C-11C-12C-
13C-14C-15C-16C-17C-18C-20C-21C-22C-
23C-24C-26C-27C-28
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16C-18C-20C-24C-27C-28
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23C-24C-26C-27C-28
C-1C-2C-4C-5C-6C-7C-9C-10C-14C-15C-
16C-18C-20C-21C-24C-27C-28

C-1C-2C-3C-4C-5C-6C-7C-9C-10C-11C-
12C-13C-14C-15C-16C-17C-18C-19C-20C-
21C-22C-23C-24C-26C-27C-28
C-1C-2C-4C-5C-6C-7C-9C-10C-11C-12C-
13C-14C-15C-16C-18C-20C-21C-22C-24C-
26C-27C-28
C-1C-2C-4C-5C-6C-7C-9C-10C-11C-12C-
13C-14C-15C-16C-17C-18C-20C-21C-22C-
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28
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Table 4. Conceptualization (codes) of barriers to the construction 4.0 industry in Iranian housing development
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Table 4 continued.
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Table 5. Determination of component levels
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Table 6. MICMAC analysis
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Figure 2. Graphical diagram of the effect of variables at different levels.
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MICMAC Analyse
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Figure 3. MICMAC analysis.
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