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Abstract

Introduction:

The present study aims to design and present a comprehensive model for managing
sustainable digital transformation in the construction industry. This research is of a
mixed (quantitative-qualitative) and applied-developmental type, in which first, with
a qualitative approach based on the fuzzy Delphi method, the key factors of
sustainable digital transformation are identified and a consensus of experts is reached
on them, and then, using a quantitative method and confirmatory factor analysis and
structural equation modeling, the relationships between the factors and their relative
importance are examined and prioritized. The statistical population of the research in
the qualitative stage includes Y© construction industry experts who are selected using
the purposive-snowball sampling method to collect the consensus and precise views
of the experts. In the quantitative phase, the statistical population includes Yo
managers, engineers, and experts in the field of construction and sustainability, and
data are collected through a researcher-made questionnaire based on the output of the
fuzzy Delphi. To ensure the validity and reliability of the tools, expert verification
was used in the qualitative phase, and in the quantitative phase, construct validity was
measured with confirmatory factor analysis and factor loading indices and convergent
and divergent validity.

Methodology:

This applied, mixed-methods (qualitative—quantitative) study aims to develop a
sustainable digital transformation management model for the construction industry.
In the qualitative phase, key factors are identified through literature review, semi-
structured interviews with experts in BIM, 10T, and sustainability management, and
two to three rounds of the fuzzy Delphi method to achieve consensus among Y@
purposively selected specialists. In the quantitative phase, a researcher-made
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questionnaire based on Delphi results is distributed to Yo+ construction experts and
managers using a five-point Likert scale. Data are analyzed through confirmatory
factor analysis (CFA), reliability and validity tests, and structural equation modeling
(SEM/PLS) to examine relationships among factors. If necessary, fuzzy multi-criteria
decision-making methods (e.g., AHP, VIKOR, TOPSIS) are applied for prioritization.
Tool validity is confirmed by CVR, CVI, and CFA, and reliability by Cronbach’s
alpha and composite reliability. Finally, integrating qualitative and quantitative
findings, the final model and prioritization of key factors are presented as a practical
guide for industry managers and policymakers.

Results and Discussion:

The results of the research show that in managing sustainable digital transformation
in the construction industry, energy consumption optimization plays a major role in
promoting sustainability with the highest weight and importance and has a higher
priority than other factors. This finding indicates that focusing on digital technologies
for monitoring and controlling energy throughout the building life cycle can have a
significant impact on reducing carbon emissions and operating costs. After that,
sustainable materials were identified as the second critical factor; the use of materials
with environmental characteristics and recyclability, together with data-driven
management, plays an effective role in reducing waste and increasing resource
efficiency.

Conclusion:

that many domestic and foreign studies have emphasized the role of digital
technologies such as BIM, loT, and digital twin in improving the sustainability of
buildings, but often have not paid sufficient attention to prioritizing the factors and
their systematic combination. In the present study, using the fuzzy Delphi method and
confirmatory factor analysis, © main factors of sustainable digital transformation were
identified and prioritized, which shows that energy optimization is of the highest
importance, sustainable materials are of the second importance, and the building life
cycle is of the third importance. These results are in line with studies such as Petri et
al. (Y+Y°) and Berges-Alvarez et al. (Y+Y¢) that have emphasized the role of digital
technologies in reducing energy consumption and life cycle assessment, but the
present study, by providing an optimal prioritization framework, helps project
managers and policymakers make practical decisions. Based on the findings, it is
suggested that organizations and companies active in the construction industry focus
on optimizing energy consumption through digital technologies, using recyclable and
environmentally sustainable materials, and data-driven management of the building
life cycle.
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