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Abstract

Prefabrication, as an off-site construction approach, relocates key production processes from construction sites
to controlled factory environments, offering significant advantages in efficiency, quality, and sustainability.
Despite its growing global adoption, the criteria and prerequisites for its effective implementation remain
insufficiently explored within the context of Iran. This study aims to identify and evaluate the critical factors
influencing the application of prefabrication in Iran’s construction industry, with particular emphasis on
sustainability considerations. A total of 26 criteria were identified through a comprehensive literature review and
expert input. Data were collected via a structured survey administered to construction industry experts in Tehran.
Exploratory factor analysis (EFA) was employed to determine the underlying factor structure, followed by
confirmatory factor analysis (CFA) to validate the relationships between the identified factors and their influence
on prefabrication adoption. The results indicate that five principal factors—construction and operational costs,
constructability, external context, societal aspects, and environmental considerations—significantly influence the
adoption of prefabrication. The first-order model demonstrates strong intercorrelations among these factors,
highlighting their collective importance for stakeholders. Furthermore, the second-order model confirms that
prefabrication adoption is closely associated with broader dimensions of Iran’s economy, society, environment,
and construction culture. The findings contribute to the existing body of knowledge by contextualizing
prefabrication adoption within a developing construction market and provide a structured framework to guide
decision-making toward more sustainable construction practices in Iran.
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INTRODUCTION due to their labor-intensive nature and high

consumption of non-recyclable resources (Shen
On-site  construction  practices are often et al., 2010). In response, many countries have
associated with low environmental performance increasingly adopted prefabrication as an
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alternative construction approach to mitigate
environmental impacts and improve efficiency
(Ghanbari et al., 2025; Hosseini et al., 2018).

Despite  these  global  advancements,
prefabricated construction in Iran has not
developed in proportion to the rapid growth of the
construction sector, particularly in residential
projects, which have expanded significantly in
recent decades (Abbaszadeh, 2016; Ghanbari &
Zare, 2021). At the same time, the Iranian public
sector has emphasized the provision of sustainable
and habitable housing as a central objective in
urban development policies (Hessari et al., 2018;
Sadeghian et al., 2021). However, the continued
reliance on conventional construction methods and
uniform design practices has contributed to
increased  environmental  degradation and
inefficiencies within the industry (Dastgheibifard,
2016; Ghoddousi & Hosseini, 2012; Hashemi,
2015). These challenges pose significant barriers
to achieving long-term sustainable development in
the construction sector.

Prefabrication presents a viable solution for
addressing these challenges; however, its
ineffective or unstructured implementation may
lead to adverse outcomes, including construction
defects, project delays, increased costs, and
reduced quality (Kamali & Hewage, 2015).
Although previous studies have explored various
aspects of prefabrication, existing research
remains fragmented and often focuses on isolated
factors without providing a comprehensive,
multi-dimensional evaluation framework,
particularly within the context of developing
countries such as lIran. Furthermore, decision-
making processes in practice are frequently based
on limited criteria—primarily  cost-related
factors—or subjective judgments rather than
systematic and data-driven approaches (Nemati
etal., 2018).

Accordingly, there is a critical need for a
structured and empirically validated framework
that identifies and evaluates the key factors
influencing the adoption of prefabrication in Iran,

while simultaneously incorporating sustainability
considerations.

This study aims to address this gap by
identifying and analyzing the critical factors
affecting the application of prefabrication based
on expert perspectives within Iran’s construction
industry. Using a combined exploratory and
confirmatory analytical approach, the research
develops a hierarchical factor model to evaluate
the interrelationships among economic, technical,
environmental, and socio-cultural dimensions.
Unlike previous studies, this research develops
and empirically validates a second-order
structural model integrating economic, technical,
environmental, and social dimensions of
prefabrication specifically within the Iranian
construction context. The contribution of this
study is threefold:

1) It provides a comprehensive and context-
specific evaluation framework for prefabrication
adoption in Iran.

2) It integrates sustainability dimensions into
decision-making criteria; and

3) It offers empirically validated insights to
support stakeholders in adopting more efficient
and sustainable construction practices.

LITERATURE REVIEW

A Sustainability Approach to Prefabrication in
Construction Projects

Environmental Sustainability

Prefabrication has been widely recognized as an
effective approach to improving environmental
sustainability in construction projects. By shifting
construction activities from on-site to controlled
factory environments, this method significantly
reduces material waste, energy consumption, and
environmental pollution (Hong et al., 2018; Jiang
et al., 2018; Nemati et al., 2018; W. Zhang et al.,
2018). For instance, Zhang et al., (2018) report
that prefabrication can reduce construction and
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demolition waste by up to 52%, highlighting its
substantial potential for waste minimization
(Zhang et al., 2018).

In addition to waste reduction, prefabricated
construction contributes to lower greenhouse gas
(GHG) emissions and reduced dust generation
compared to conventional on-site practices (Pan
& Teng, 2021). These environmental benefits are
further enhanced through the integration of
emerging digital technologies. The adoption of
Building Information Modelling (BIM) and the
Internet of Things (loT) in prefabricated
construction enables more efficient design
coordination, resource optimization, and lifecycle
management, thereby supporting sustainability
objectives across the entire construction process
(Liu & Zou, 2021; Shen et al., 2021).

Despite these advantages, most existing
studies focus primarily on isolated environmental
indicators and often lack a comprehensive
evaluation framework that integrates
environmental performance with economic,
technical, and socio-cultural factors. This
limitation underscores the need for a more holistic
approach to assessing prefabrication, particularly
in context-specific settings such as Iran.

Economic Sustainability

Prefabrication has significant implications for the
economic performance of construction projects,
influencing cost efficiency, productivity, quality
control, and supply chain dynamics. One of the
primary advantages of prefabrication lies in its
ability to enhance quality control through
automated production processes, advanced
monitoring systems, and reduced reliance on
manual labor, thereby minimizing human error
and improving coordination among suppliers and
contractors (Hong et al., 2018; Clyde Zhengdao
Lietal, 2018; L. Lietal., 2018; M. Nemati et al.,
2017).

In addition to quality improvements,
prefabrication has been associated with increased

productivity, particularly through the integration
of information technologies and optimized
manufacturing processes. The use of multi-skilled
labor, engineering innovations, and controlled
factory environments enables more efficient
production workflows and reduces on-site
uncertainties (Arashpour et al., 2018; Liu et al.,
2018; Wu et al., 2021; Yoo et al., 2019).
However, these benefits are contingent upon
effective coordination and information exchange.
Inadequate  integration  between  design,
manufacturing, and construction phases may lead
to schedule delays, rework, and inefficiencies
(Arashpour et al., 2017; C. Z. Li et al., 2018;
Yi et al., 2020; L. Zhang et al., 2018; W. Zhang
et al., 2018).

A critical challenge associated with
prefabrication is its relatively high initial capital
cost compared to conventional construction
methods. These costs arise from investments in
specialized machinery, transportation logistics,
skilled labor, and material production, which can
reduce stakeholders’ willingness to adopt
prefabrication, particularly in cost-sensitive
markets (Hong et al., 2018; Jiang et al., 2018;
Wang et al., 2018; Xue et al., 2017, 2018; Zhu
et al., 2018). Furthermore, the assembly and
transportation of prefabricated components
require precise planning and coordination, adding
to logistical complexity and potential cost
escalation.

From a broader perspective, the economic
feasibility of prefabrication is strongly influenced
by external market conditions. In developing
countries, barriers such as limited industrial
capacity, insufficient regulatory frameworks, lack
of standardization, and weak incentive structures
hinder the realization of economies of scale (Li
et al., 2020; Xue et al., 2017). These constraints
highlight the importance of adopting a holistic
supply chain  management approach and
improving information integration across all
project stages to maximize the economic benefits
of prefabrication (Li et al., 2017; Liu et al., 2018).
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Despite the recognized economic advantages
and challenges, existing studies often examine
these factors in isolation and fail to provide an
integrated framework that captures their
interdependencies. This limitation reinforces the
need for a comprehensive and context-specific
evaluation model to assess the economic viability
of prefabrication, particularly within the Iranian
construction industry.

Social Sustainability

Social sustainability is a critical dimension of
construction project performance, particularly in
relation to occupational safety, workforce well-
being, and public acceptance. Construction
activities are inherently associated with
significant health and safety risks due to labor-
intensive operations, complex site conditions, and
exposure to hazardous environments (Chang
et al., 2020; Golchin Rad & Kim, 2018).
Prefabrication has the potential to mitigate these
risks by transferring a substantial portion of
construction activities to controlled factory
settings.

Specifically,  prefabricated  construction
improves worker safety and health by reducing
high-risk on-site activities, minimizing work at
heights, and limiting exposure to adverse weather
conditions (Wu et al., 2021; Yuan et al., 2018).
The more controlled and standardized working
environment associated with prefabrication
enhances operational safety and reduces
uncertainty during execution. In addition, the
reduction of construction-related pollutants—
such as dust, noise, and emissions—benefits not
only construction workers but also surrounding
communities, thereby improving overall social
well-being (Jin et al., 2021).

Beyond occupational considerations, the
adoption of prefabrication is strongly influenced
by broader social and institutional factors.
Government policies, industry culture, and
stakeholder attitudes play a significant role in

shaping the acceptance of prefabrication
technologies (Chen et al., 2017; Cheng & Ma,
2020). In many cases, developers prioritize short-
term economic gains over long-term social and
environmental benefits, which can hinder the
adoption of prefabrication (Tam et al., 2015).
Furthermore, public perception—including client
and end-user attitudes—represents a crucial
determinant of market acceptance and diffusion
of prefabricated construction systems (Li et al.,
2019).

Despite the recognized importance of social
factors, existing studies often lack a systematic
approach to evaluating their impact on
prefabrication adoption. Moreover, the relative
importance and interaction of these factors are
highly  context-dependent,  particularly in
developing countries such as Iran, where cultural,
institutional, and market conditions differ
significantly from those in developed contexts
(L. Li et al., 2018; W. Zhang et al., 2018). This
highlights the need for a structured and context-
sensitive framework to assess social sustainability
dimensions alongside economic, environmental,
and technical factors.

Previous Studies on Prefabrication and
Sustainable Construction in lran

In Iran, conventional construction management
practices are predominantly structured around the
project management triangle—cost, time, and
quality—and are typically assessed through
qualitative judgments based on practitioners’
experience. However, with the increasing
recognition of environmental and social impacts,
sustainable construction has emerged as a critical
concern. Within the Iranian context, existing
research can be broadly categorized into two main
streams.

The first stream focuses on evaluating building
sustainability by examining selected dimensions
associated with prefabrication. For example,
Solaimani and Sedighi (2020) conducted a
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comprehensive review of 118 studies and
proposed an integrated framework for sustainable
construction, emphasizing the importance of
aligning stakeholder objectives throughout the
building life cycle (Solaimani & Sedighi, 2020).
Jahanbakhsh ~ (2010) identified inefficient
decision-making processes and the neglect of
environmental considerations as major barriers to
achieving sustainable architecture in Iran
(Jahanbakhsh, 2010). Furthermore, Nemati et al.,
(2018) developed a model for assessing the
environmental  adaptability of  residential
complexes (Nemati et al., 2018). As illustrated in
Figure 1, which synthesizes eight widely used
sustainable building rating systems, their model
introduces key evaluation dimensions, including
stakeholder synergy, building performance,
environmental  habitability, and  building
durability. Despite these contributions, such
studies remain largely descriptive and do not
provide practical or operational guidance for
implementing innovative construction
approaches—particularly prefabrication—in
pursuit of sustainability objectives.

The conceptual framework of this study,
derived from the literature review, is presented in
Figure 1. The framework illustrates the key
factors influencing the adoption of prefabrication,
including construction and operating costs,
constructability, external context, and social and
environmental considerations, and highlights the
relationships among these constructs.

The second stream of research primarily
addresses technical aspects of prefabrication,
focusing on specific building components or
performance criteria. For instance, Rezaiean and
Hoseini (2015), Taghdiri and Ghomi (2016), and
Mahmmod Zadeh Kani et al., (2017) examine
structural and technical characteristics of
prefabricated elements (Mahmmod Zadeh Kani
et al., 2017; Rezaiean & Hoseini, 2015; Taghdiri
& Ghomi, 2016). Taghdiri and Ghomi (2016), for
example, compared prefabricated structural
systems with conventional on-site methods in

terms of seismic performance, cost, and
construction  waste, suggesting that the
development of standards and regulatory
frameworks for prefabrication could reduce
lifecycle project costs (Taghdiri & Ghomi, 2016).
Similarly, Shahpari et al. (2020) evaluated the
productivity of prefabricated versus in-situ
construction systems using Delphi and multi-
criteria decision-making (MCDM) techniques,
identifying management, planning, and cost as the
most influential productivity factors (Shahpari
et al., 2020). Nevertheless, these studies are
limited in scope and lack a holistic framework for
assessing prefabrication within a broader
sustainability context.

Overall, existing approaches to evaluating
prefabrication in Iran tend to focus on isolated
aspects—either  sustainability indicators or
technical performance—without integrating these
dimensions into a comprehensive assessment
framework. In practice, evaluation methods
employed by project managers often prioritize
material and labor costs while overlooking
broader environmental and social criteria, and
decision-making processes remain largely
experience-based rather than systematically
grounded (Nemati et al., 2018). Accordingly,
there is a clear lack of comprehensive and
methodologically robust research addressing
prefabrication from a  multidimensional
perspective in the Iranian construction context.
This study aims to bridge this gap by developing
a more integrated approach to evaluating
prefabrication in alignment with sustainability
principles.

RESEARCH DESIGN

This study employs a mixed-methods research
design integrating a systematic literature review,
a questionnaire-based survey, and multivariate
statistical analysis. Initially, a comprehensive
literature review is conducted to identify potential
factors influencing the implementation of
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prefabrication in construction projects. These
factors are subsequently incorporated into a
structured questionnaire and evaluated through a
survey of industry professionals. The collected
data are analyzed using exploratory factor
analysis (EFA) to identify underlying factor

structures, followed by reliability and validity
assessments. As illustrated in Figure 2, this
integrated approach enables the identification,
validation, and categorization of critical factors
affecting prefabrication adoption.
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Fig 1. Indicators of Building Performance Assessment Systems (Nemati et al., 2018)
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Data Collection and Sample Selection

To investigate industry perspectives on
prefabrication, a survey-based approach was
employed. The data collection instrument
consisted of a structured questionnaire
comprising two main sections: (1) four items
capturing respondents’ personal and
organizational characteristics, and (2) a set of 26
indicators related to prefabrication assessment,
derived from the literature review (see Table 1).
The questionnaire was developed and
subsequently refined based on feedback from four
academic experts in the field to ensure content
validity and clarity. Respondents were asked to
evaluate the importance of each indicator using a
five-point Likert scale. Additionally,
supplementary explanations were provided within
the questionnaire to ensure a consistent
understanding of the items.

The survey was administered during the winter
of 2021 via email to professionals in the Iranian
construction industry. The target population was

selected from consulting engineering firms
Iran Plan and Budget
Organization, encompassing a diverse range of
total, 487

registered with the

construction  stakeholders. In
individuals were randomly invited to participate,
accompanied by a brief introduction to the study.

After a two-week period, reminder emails were

distributed to increase the response rate.
A total of 379 responses were received,

corresponding to a response rate of approximately
77%. Following data screening, 19 incomplete
questionnaires were excluded, resulting in 360

valid responses for subsequent analysis. Among

the respondents, 155 were design engineers and
project managers working in consulting firms, 38
were manufacturers of prefabricated components,
116 were contractors, and 51 were academic or
technical researchers. All participants possessed a
minimum of five years of professional experience
in the construction industry. The diversity of
respondents across different professional groups
enhances the representativeness of the sample and

supports the validity of the findings (Table 2).

Table 1. The Preliminary List of Indicators

Code Factors

References

11 Return on investment

12 Integration of the supply chain

I3 The efficiency of construction expenses

14 Integrated design, construction, and management

Maturity of the design and construction

procedures

16 Costs of construction

17 Information_ s_haring and effective communication
among participants

18 Availability of codes, specifications and

regulations

19 Environmental impacts
110  Costs of maintenance

111 Consistent incentives, promotions and policies

(Durdyev & Ismail, 2019), (Shahpari et al., 2020),
(Nemati et al., 2018)

(L. Lietal., 2018), (W. Zhang et al., 2018), (Nemati
etal., 2018)

(Mao et al., 2016), (Hong et al., 2018), (Jiang et al.,
2018), (Durdyev & Ismail, 2019), (Shahpari et al.,
2020)

(Banihashemi et al., 2018), (Shahpari et al., 2020),
(Zhang et al., 2016), (Singh et al., 2015)

(L. Lietal., 2018), (Haller et al., 2015)

(W. Zhang et al., 2018), (Shahpari et al., 2020)
(Nemati et al., 2018), (Roohollah Taherkhani & AL
Saleh, 2019), (L. Li et al., 2018)

(Clyde Zhengdao Li et al., 2018), (Zhang et al., 2014),
(Cao et al., 2015), (L. Li et al., 2018)

(Jiang et al., 2018), (W. Zhang et al., 2018), (Shahpari
et al., 2020), (Hong et al., 2018), (Ding et al., 2018)
(Lietal., 2014), (Kamali & Hewage, 2016),

(M. A. Nemati et al., 2018)

(W. Zhang et al., 2018), (Mao et al., 2015), (Azam
Haron et al., 2015), (L. Li et al., 2018)
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Code Factors

References

112 Architectural quality, adaptability and aesthetics

113 Maturity of technology, manufacturers and
suppliers of prefabrication

114 Reducing the neighborhood environment
damages

115 Control mechanism for design and construction
and risk management

116  The flexibility of design modifications

117 Construction scheduling

118  Local materials and workforce

119 Costs associated with design and construction
management

120  Project management expertise

121 Coordination with other components of the
construction

122 Health and safety in construction and occupation

123 Conservative industry culture

124 Local government approach to obtaining
permissions
Performance and durability over the lifespan of

125 -
the building

126 Reduce construction-related conflicts

(Kamali & Hewage, 2016), (Gan et al., 2017),

(Jiang et al., 2018), (Nemati et al., 2018),

(W. Zhang et al., 2018)

(Durdyev & Ismail, 2019), (Li et al., 2014), (Jiang et al.,
2018)

(Nemati et al., 2018), (W. Zhang et al., 2018), (Shahpari
et al., 2020) (Pan & Teng, 2021)

(Shahpari et al., 2020), (Nemati et al., 2018), (Clyde
Zhengdao Li et al., 2018), (Durdyev & Ismail, 2019)
(Clyde Zhengdao Li et al., 2018), (W. Zhang et al.,
2018), (MA Nemati et al., 2017), (Nemati et al., 2018)
(Hong et al., 2018), (Li et al., 2014)

(Shahpari et al., 2020), (MA Nemati et al., 2017)

(W. Zhang et al., 2018), (L. Li et al., 2018), (Nemati
etal., 2018)

(L. Lietal., 2018), (Yang et al., 2016), (Marzagéo &
Carvalho, 2016)

(Kamali & Hewage, 2016), (Shahpari et al., 2020),

(L. Lietal., 2018)

(Jiang et al., 2018), (Abdalla et al., 2017),

(W. Zhang et al., 2018)

(Larsson et al., 2014), (Durdyev & Ismail, 2019)

(L. Li et al., 2018), (Li et al., 2016), (Cao et al., 2015)

(Hong et al., 2018), (Nemati et al., 2018), (W. Zhang
et al., 2018), (Jiang et al., 2018)

(Clyde Zhengdao Li et al., 2018), (W. Zhang et al.,
2018), (MA Nemati et al., 2017), (Nemati et al., 2018)

Table 2. A Summary of the Demographic Data of Respondents

Demographic characteristics Category Number (%)
e Up to 20 11 34
The organization’s size
(by Number of employees) 21-50 17 53
Above 50 4 13
Engineers and project managers 155 43

Manufacturers of prefabricated elements 38 11

Profession Construction contractors 116 32
Technical researchers 51 14
Experience in the profession 6-10 89 25
(in years) 11-20 164 45
Above 21 107 30

Exploratory Factor Analysis

To evaluate the suitability of the dataset for factor
analysis, the Kaiser-Meyer-Olkin (KMO)
measure of sampling adequacy and Bartlett’s test
of sphericity were conducted. As reported in
Table 3, the KMO value exceeds the
recommended threshold of 0.50, indicating

adequate sampling adequacy, while Bartlett’s test
is statistically significant at the 0.01 level (p <
0.01). These results confirm that the correlation
matrix is not an identity matrix and that the data
are appropriate for factor analysis (Cleff, 2019).
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Table 3. The KMO and Bartlett’s Test
KMO and Bartlett’s test for sampling

0.947
adequacy
Bartlett’s test of sphericity
Approx. x2 7628.154
df 325
Sig. 0.000

An initial pool of indicators was developed
from the literature and refined through a Delphi
process involving experts. The Delphi process
resulted in the retention of 26 indicators, which
were subsequently used in the EFA. Exploratory
Factor Analysis (EFA) was then applied to
identify the underlying structure of the variables
and to reduce the dataset into a smaller set of
meaningful ~ factors. Using the Varimax
orthogonal rotation method, four distinct factors
were extracted: (1) construction and operating

costs, (2) constructability, (3) external context,
and (4) society and environmental considerations.
This factor structure provides a coherent
categorization of the criteria influencing
prefabrication in construction projects.

To assess the internal consistency and
reliability of the extracted factors, Cronbach’s
alpha (a) coefficients were calculated. As
presented in Table 4, all constructs exhibit alpha
values greater than 0.80, exceeding the commonly
accepted threshold of 0.70 for established scales
(Nunnally, 1975). In addition, the correlation
coefficients among the variables are statistically
significant, further supporting the reliability and
consistency of the measurement model.
Therefore, the measurement model can be
considered reliable and appropriate  for
subsequent confirmatory factor analysis (CFA).

Table 4. Correlation Coefficients, Descriptive Statistics, and Cronbach’s o

CFSs Indicators Mean Construct mean Cronbach’s a
16 3.38
119 3.36
11 3.41
Construction and operating costs 110 3.40 3.38 0.939
120 3.37
117 3.40
13 3.34
14 3.42
17 3.39
115 3.38
. 116 3.44
Constructability 5 3.45 3.41 0.952
126 3.41
121 3.41
12 3.41
18 3.41
124 3.41
External context 113 3.43 3.40 0.924
123 3.34
111 3.42
125 3.37
112 3.36
. . 114 3.37
Society and the environment 118 335 3.35 0.932
19 3.38
122 3.38
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Conformity Factor Analysis

Confirmatory Factor Analysis (CFA) was
conducted to evaluate the measurement model
and assess its overall goodness of fit, following
the approach proposed by Gerbing and Anderson
(1988). The analysis aimed to examine both
convergent validity and discriminant validity of
the constructs identified through Exploratory
Factor Analysis (EFA). Prior to testing the
structural relationships, the measurement model
was independently evaluated to ensure that the
selected indicators adequately represent their
respective latent constructs (Shurrab et al., 2019).

The CFA was performed using the maximum
likelihood estimation method in AMOS. The
dataset included 360 valid responses, with only a
minimal amount of missing data (no more than
three missing responses per variable). Given the
low level and random nature of missing data, the
estimation method remains robust, providing
efficient and unbiased parameter estimates under
the assumption of missing at random (MAR). The
results of the construct validity analysis are
presented in Table 5.

Convergent validity was assessed by
examining  standardized  factor  loadings,
composite reliability (CR), and average variance
extracted (AVE). The results indicate that all
standardized loadings are statistically significant
(p < 0.001) and exceed the recommended
threshold, confirming that the observed variables

adequately represent their respective constructs.
Additionally, CR values are above the acceptable
threshold of 0.70, and AVE values exceed 0.50,
further supporting convergent validity (Bagozzi
etal., 1991).

Discriminant validity was evaluated by

comparing the square root of the AVE for each
construct with the inter-construct correlations, as
well as by ensuring that correlations between
constructs do not exceed their respective
reliability estimates (Crocker & Algina, 1986).
The results confirm that each construct is
empirically distinct from the others, indicating
satisfactory discriminant validity.
The overall fit of the first-order measurement
model was assessed using multiple goodness-of-
fit indices, including the chi-square to degrees of
freedom ratio (?/df), root mean square error of
approximation (RMSEA), Tucker—Lewis index
(TLI), and comparative fit index (CFI). As
recommended in the literature, reliance on a
single fit index was avoided, and a combination
of indices was considered to ensure robust model
evaluation (Joreskog & Soérbom, 1993). The
RMSEA value is below the acceptable threshold
of 0.08, indicating a reasonable model fit, while
TLI and CFI values are close to or exceed 0.90,
suggesting an acceptable to good fit, particularly
for moderate sample sizes (Kenny et al., 2015;
Taasoobshirazi & Wang, 2016). The detailed fit
indices are reported in Table 6.

Table 5. Construct Validity Analysis

CFSs/ construct

Convergent validity

Discriminant validity

Construction and operating costs 0.96 0.08
Constructability 0.94 0.12
External context 0.93 0.09
Society and the environment 0.92 0.10
Table 6. CFA first-order Model Good Fit Indices

Model good fit indices Value
y2/df 1.064
GFlI 0.93
CFlI 0.99
TLI 0.99
RMSEA 0.013
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Following the validation of the first-order
model, a second-order CFA model was developed
to examine the higher-order structure of the
constructs, namely construction and operating
costs, constructability, external context, and
society and environmental considerations. The

Construc ion and
operating costs

Constructabdli by

External Context

Society and the
Environment

second-order model demonstrates satisfactory
goodness-of-fit and significant path coefficients,
confirming the hierarchical structure of the
proposed framework. The first-order and second-
order measurement models are illustrated in
Figure 3 and Figure 4, respectively.
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DISCUSSION

With the increasing awareness of environmental,
economic, and social challenges, the demand for
sustainable construction has grown significantly.
The construction sector is widely recognized as a
key driver of sustainable development due to its
substantial impact on environmental
performance, economic growth, and societal
well-being. Despite this importance, the
implementation of sustainable construction
practices continues to face several challenges,
among which uncertainty regarding costs and
benefits remains one of the most critical barriers.
As highlighted by Hong et al. (2018), enhancing
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decision-makers’ awareness of environmental
implications can significantly increase the
adoption of innovative construction approaches.
This study contributes to the body of
knowledge on sustainable construction by
developing and empirically validating a
comprehensive  framework  for  assessing
prefabrication within the Iranian context. Based
on an extensive literature review, a conceptual
model was established to capture the
multidimensional relationship between
prefabrication and sustainability. In addition, the
preliminary set of indicators derived from the
literature was refined through a Delphi process
involving domain experts. The Delphi results led
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to the elimination, modification, and
prioritization of several indicators, ensuring their
contextual relevance and content validity before
conducting the statistical analyses. Therefore, the
final set of variables used in the EFA and CFA
reflects both theoretical foundations and expert
consensus. The conceptual framework presented
in Figure 1 illustrates the relationships among
these dimensions and served as the basis for
subsequent empirical validation. This model was
subsequently examined using empirical data
collected from 360 professionals across
consulting engineering firms and related sectors
in Tehran, providing a robust representation of
industry perspectives. Unlike previous studies
that primarily focus on isolated factors, this
research  integrates economic, technical,
environmental, and contextual dimensions within
a unified second-order analytical framework
tailored to the Iranian construction industry.

The results of the Exploratory Factor Analysis
(EFA) identified four principal dimensions
influencing the adoption of prefabrication:
construction and operating costs, constructability,
external context, and society and environmental
considerations. While cost-related factors remain
dominant in decision-making processes, the
findings indicate a growing recognition of
technical, environmental, and social dimensions
among industry stakeholders. This shift suggests
an evolving perspective toward more holistic
evaluation criteria in construction project
planning.

The Confirmatory Factor Analysis (CFA)
further validated the proposed measurement
models, with both first-order and second-order
structures demonstrating satisfactory goodness-
of-fit. The first-order model confirms significant
relationships among the identified factors,
indicating that these dimensions collectively
influence stakeholders’ decisions regarding the
adoption of prefabrication. More importantly, the
second-order model reveals that prefabrication is
not evaluated solely based on economic
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considerations but is also shaped by broader
internal and external factors.

This finding is particularly significant in the
context of sustainable construction, where the
implementation of innovative solutions is often
associated with higher initial costs and financial
uncertainty. The results suggest that decision-
making in the lIranian construction industry is
gradually transitioning from a purely cost-driven
approach toward a more integrated perspective
that incorporates sustainability-related criteria.
However, given the ongoing challenges in
construction quality and the absence of
standardized evaluation frameworks, the findings
also highlight a critical gap in the availability of
comprehensive decision-support tools.

Overall, this study underscores the necessity of
developing structured and multidimensional
assessment frameworks to support the adoption of
prefabrication as a sustainable construction
strategy. By addressing both technical and
sustainability-related dimensions, such
frameworks can facilitate more informed
decision-making and contribute to improving the
long-term performance of construction projects in
Iran.

Construction and Operating Costs

Construction and operating costs encompass both
direct and indirect expenditures associated with
the building’s lifecycle, including design,
construction, and post-occupancy phases. The
survey results indicate that this dimension is a
primary determinant in the adoption of
prefabrication  in  construction  projects.
Respondents placed particular emphasis on
design and construction costs, while also
identifying return on investment (ROI) as a
critical factor in evaluating project feasibility.
This finding reflects the prevailing objective of
maximizing profitability in construction projects.

In addition to initial costs, operational
expenses were also highlighted as an important
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consideration. This suggests that decision-makers
are increasingly adopting a lifecycle perspective,
extending beyond immediate material and labor
costs to include long-term performance and
maintenance expenditures. These findings are
consistent with (Wuni & Shen, 2019), who define
cost performance as the extent to which a project
is delivered within its initial budget. In this
context, cost overruns remain a major constraint
in  decision-making, and prefabrication—
particularly off-site construction methods—has
the potential to improve cost predictability and
control.

However, the economic implications of
prefabrication are not unequivocal. While some
studies suggest that prefabrication may lead to
higher initial costs, particularly in the early stages
of implementation, this increase cannot be
generalized across all projects (Xue et al., 2018).
On the contrary, the use of standardized and
repetitive components can reduce production
costs through economies of scale and mass
production (Mao et al., 2016).

Moreover, effective stakeholder
coordination—particularly through interactive
briefing  processes during design and
construction—can significantly reduce both
short-term and long-term costs (Nemati et al.,
2018). Conversely, structural barriers such as the
lack of prefabrication infrastructure, limited
availability of skilled labor, and underdeveloped
supply chains may increase upfront costs in the
early stages of project execution (Durdyev &
Ismail, 2019; Jiang et al., 2018; Li et al., 2014).

Overall, the impact of prefabrication on total
project cost remains context-dependent and
complex. Uncertainties in cost estimation—
arising from limited access to reliable financial
data, variability in equipment efficiency, and
insufficient post-occupancy performance data—
make it difficult to draw definitive conclusions
regarding its cost advantages. This highlights the
need for more transparent cost data and
comprehensive  lifecycle cost assessment

14

frameworks to support informed decision-

making.
Constructability

Constructability refers to the systematic
integration of construction knowledge and
experience into the planning, design, and
execution phases of a project to achieve optimal
technical and operational outcomes. It
encompasses the alignment of design solutions
with construction constraints, as well as the
effective coordination of suppliers, building
systems, and project workflows. The survey
results identify constructability as a key factor
influencing the adoption of prefabrication in
construction projects.

Among the constructability-related indicators,
the integration of design, construction, and
project management processes emerged as the
most significant. This highlights the importance
of adopting an integrated project delivery
perspective, where early collaboration between
stakeholders enhances decision-making and
project performance. In addition, information
sharing and interdisciplinary collaboration were
identified as critical enablers of constructability.
Effective  communication among  project
participants contributes to improved efficiency,
higher construction quality, reduced errors and
rework, and overall cost and time savings
(Durdyev & Ismail, 2019; Nemati et al., 2018;
Taherkhani & Saleh, 2019).

However, achieving such integration remains
challenging in practice. The coordination of
interdependencies across design and construction
stages is inherently complex, time-intensive, and
requires advanced technical capabilities.
Furthermore, conventional procurement systems
and contract structures often limit early contractor
involvement and hinder collaboration, thereby
weakening constructability outcomes. In line with
these findings, Banihashemi et al., (2017) argue
that the absence of construction expertise during
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the early design stages, combined with
insufficient alignment between design and
construction documentation, leads to increased
deficiencies and rework during project execution
and operation (Banihashemi et al., 2017).
Overall, the findings emphasize that enhancing
constructability is not solely a technical issue but
also an organizational and contractual challenge.
Strengthening integration mechanisms,
improving information exchange, and adopting
more collaborative project delivery approaches
are essential to fully realize the benefits of
prefabrication in construction projects.

External Context

The “external context” factor encompasses five
key indicators: (1) availability of codes,
specifications, and regulations; (2) local
government procedures for obtaining permits;
(3) maturity of prefabrication technologies,
manufacturers, and suppliers; and (4) consistency
of incentives, promotional mechanisms, and
public policies. These indicators can be broadly
grouped into two dimensions: the regulatory—
political environment and the industrial
environment.

From a regulatory perspective, respondents
identified the availability of comprehensive codes
and standards, along with the efficiency of
permitting processes, as the most critical elements
influencing the adoption of prefabrication. The
success of prefabrication is strongly dependent on
well-defined and coherent regulatory frameworks
(Hong et al.,, 2018; Jin et al., 2021). Such
frameworks provide essential guidance for
design, manufacturing, quality control, and
performance evaluation. In the Iranian context,
the Building and Housing Research Center has
made gradual progress in developing standards
for prefabricated systems over the past decade;
however, this progress has been relatively slow.
In addition, despite occasional government
incentives—such as tax reductions and financial
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support—obtaining planning approval remains a
complex and time-consuming process. Multiple
regulatory  bodies are involved, and
inconsistencies across local codes further
complicate implementation. As noted by L. Li
et al. (2018), the presence of clear and consistent
specifications and regulations is a decisive factor
in facilitating the successful deployment of
prefabrication (L. Li et al., 2018).

From an industrial perspective, the maturity of
the prefabrication supply chain—including
technology readiness, manufacturing capacity,
and supplier availability—plays a dual role as
both an enabler and a constraint. On one hand,
advanced technologies and established supply
networks can significantly enhance efficiency and
reliability. On the other hand, limited industrial
capacity and low market competition may
increase costs and reduce accessibility. For
example, manufacturers often need to pre-order
materials to mitigate production delays and
delivery risks, which may increase financial
pressure and operational uncertainty (Liu et al.,
2018). Furthermore, market dynamics are closely
linked to government policies, which influence
both supply and demand conditions within the
prefabrication sector.

Overall, the findings indicate that external
context is a critical determinant of prefabrication

adoption,  operating beyond  project-level
considerations. Regulatory inefficiencies,
fragmented policy frameworks, and
underdeveloped industrial infrastructure
collectively hinder the widespread

implementation of prefabrication in Iran.
Addressing these challenges requires coordinated
policy reforms, streamlined approval processes,
and strategic investments in industrial capacity to
create a supportive ecosystem for prefabrication.

Society and the Environment

Based on the survey results, quality performance
and durability of building components emerge as
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the most influential aspects of prefabrication in
relation to societal and environmental outcomes.
Prefabrication has been shown to outperform
conventional on-site construction in terms of
quality consistency (Chen et al., 2010). This
advantage stems from the  controlled
manufacturing environment, where components
are produced using standardized processes, often
incorporating dry construction techniques and
precise jointing systems. As a result, higher
dimensional accuracy and improved detailing can
be achieved, ultimately enhancing spatial quality
and increasing occupant satisfaction.

The second key aspect of this factor is
adaptability, defined as a building’s capacity to
accommaodate changing user needs over time with
minimal physical intervention. In this regard,
prefabrication presents a paradox. While it offers
standardization and efficiency, it is often
perceived as less flexible in accommodating post-
construction maodifications. This limitation is
particularly  evident in  contexts where
prefabricated systems are predominantly applied
in large-scale or social housing projects, where
end-users typically have limited influence over
design configurations (Lu et al., 2018;
Ramezanpour, 2018). Consequently, the rigidity
of certain prefabricated systems may lead to
reduced long-term adaptability and user-driven
customization.

In addition, minimizing impacts on the local
environment and community constitutes another
important dimension of this factor. Reduced on-
site construction activities lead to lower levels of
noise, dust, and environmental pollution, thereby
improving  neighborhood  conditions and
enhancing the quality of life for local residents
(Kamali & Hewage, 2016; Sanga, 2020).
Furthermore, the streamlined nature of
prefabricated construction processes can simplify
installation and reduce project complexity,
potentially enabling the use of less specialized
labor while still contributing to local economic
activity (Chen et al., 2010). These aspects
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collectively support greater social acceptance and
facilitate improved socio-economic interactions
within the community.

Despite being ranked lower by respondents
compared to other factors, environmental and
social considerations remain fundamental drivers
for adopting innovative construction methods
(Nemati et al., 2018). However, the extent of
these benefits appears to be scale-dependent.
Larger construction projects tend to realize
greater environmental and economic advantages
from prefabrication due to economies of scale,
whereas smaller projects may experience limited
gains (Amin & Abanda, 2019).

Overall, the findings suggest that while
prefabrication significantly enhances
construction quality and reduces environmental
disturbances, its broader societal impact is
mediated by issues of adaptability, user
engagement, and project scale. Addressing these
challenges requires design strategies that
integrate flexibility into prefabricated systems,
alongside policy measures that promote user-
centered and context-sensitive applications.

CONCLUSIONS

Prefabrication has the potential to significantly
support Iran’s housing strategies in achieving its
intended objectives. However, due to the lack of
comprehensive and systematic research in this
context, substantial ambiguities remain regarding
its effective implementation and scalability.
Current evaluations of prefabrication are often
based on subjective judgments and limited
practical experience,  with insufficient
consideration ~ of  feasibility, long-term
performance, and broader sustainability drivers.
Consequently, there is a clear need for structured
frameworks and well-defined criteria to guide its
application.

This study addressed this gap by identifying
and analyzing the key factors influencing the
adoption of prefabrication. This study is among
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the first to apply a second-order CFA framework
to evaluate prefabrication adoption in Iran,
providing a validated multidimensional decision-
support structure. A total of 26 indicators were
derived from the environmental, social, and
economic dimensions of sustainability through an
extensive literature review. Using exploratory
factor analysis (EFA), these indicators were
categorized into four latent constructs:
construction and operating costs, constructability,
external context, and society and the
environment. The empirical data were collected
through a questionnaire survey administered to
construction  professionals  affiliated  with
consulting engineering firms under the Iran Plan
and Budget Organization in Tehran.

The first-order factor model demonstrated
significant interrelationships among the identified
factors, indicating that decision-making regarding
construction methods is inherently multi-
dimensional. Furthermore, the second-order
model confirmed that prefabrication is strongly
associated with social and environmental
considerations, suggesting that stakeholder
decisions are not driven solely by economic
benefits. This finding is particularly important, as
the pursuit of sustainable construction solutions is
often perceived to impose additional financial
burdens. In contrast, the results of this study
indicate that social and environmental awareness
play a meaningful role in shaping stakeholder
preferences. At the same time, the relatively slow
adoption of prefabrication in Iran reinforces the
argument that existing evaluation criteria and
decision-making frameworks remain inadequate.

This research contributes to the body of
knowledge by proposing a comprehensive set of
factors and criteria that extend beyond the
traditional  cost-time—quality  paradigm in
construction management. By incorporating
sustainability ~ dimensions, the  proposed
framework provides a more holistic basis for
evaluating prefabrication. It offers practical value
for decision-makers seeking to balance economic
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efficiency with social and environmental
performance.

Nevertheless, several limitations should be
acknowledged. The qualitative nature of some
indicators may introduce subjectivity and
potential misinterpretation in decision-making
processes. In addition, the relatively limited
sample size constrains the generalizability of the
findings. Future research should focus on refining
these indicators and developing quantitative
assessment tools to evaluate prefabrication
performance at the level of individual building
components. Moreover, the proposed framework
should be validated across different project types,
scales, and geographical contexts. The
development of life-cycle-based evaluation
instruments for prefabricated building elements
represents a promising direction for further

investigation.
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