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ABSTRACT

While pivotal for economic growth, the global construction sector confronts critical challenges due to its
resource-intensive practices and environmental impact. Leadership within this industry becomes essential as the
imperative for sustainable development gains prominence. This study addresses a significant knowledge gap by
investigating the nexus between sustainable leadership practices and the construction sector, focusing on
Pakistan. A comprehensive framework is developed by combining literature review, expert analysis, and robust
statistical methods. Data collection involved questionnaire involving 206 participants from construction industry
professionals in Pakistan. The study examines the relation of green building design, certification standards, life
cycle assessment, renewable energy integration, resilient infrastructure, social equity and inclusion, and waste
management with sustainable leadership practices. The findings affirm the positive and significant relationships
between these dimensions and sustainable leadership. The study contributes to academia and industry, offering a
novel understanding of how sustainable leadership can drive resilient and eco-conscious practices in construc-
tion. These insights hold implications for shaping policies, fostering industry transformation, and creating a
sustainable and resilient built environment for the future.

1. Introduction

The construction sector is essential to developing global infrastruc-
ture and contributes to economic expansion and social progression.
However, traditional methods have come under investigation due to the
extensive use of resources they need and the significant damage they do
to the environment (Foldy and Ospina, 2023). For example, the building
industry uses almost half of the world’s steel, cement, energy, and other
raw materials, significantly depleting limited resources (Indrayana and
Pribadi, 2023; Ghorbani, 2023). In addition, building and construction
activities are also responsible for around 36 % of the world’s total
greenhouse gas emissions and almost 40 % of the entire energy used
globally. In addition, it is believed that somewhere between 25 and 40
percent of the world’s solid waste is the result of activities related to
building and demolition (Gordeev, 2023).

Concurrently, the 21st century has witnessed an unparalleled focus
on sustainable development, urging many businesses to match their
practices with the sustainability of the environment, society, and the
economy (Anon, 2023; Nguyen and Nguyen, 2023).
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When seen in this light, the function of leadership within the con-
struction industry is increasingly important. Leaders have the power to
influence decision-making, be the driving force behind innovation, and
chart the direction for the culture of their organizations. On the other
hand, traditional forms of leadership often prioritize short-term profits
more than long-term sustainability (Das et al., 2023; Othman and
Elwazer, 2023). This contrast has generated a general recognition that
leadership methods need to develop to meet the business’s myriad of
difficulties and possibilities (D’ Ambrosio and Longobardi, 2023; Waqgar
et al., 2023).

Building a resilient society is inextricably linked to the shift toward
more sustainable leadership, which should not be seen as only an
idealistic goal but a practical requirement. In an age characterized by
environmental instability, resource scarcity, and social complexity, it is
vital for society’s flexibility to have robust infrastructure (Oyewobi and
Jimoh, 2022). The growing frequency and severity of climate-related
catastrophes have resulted in worldwide losses totaling over $3 tril-
lion over the last decade, highlighting the critical need for robust
infrastructure. Furthermore, around 70 percent of the world’s
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population will reside in urban regions by 2050. This will pressure
buildings to provide sustainable urban settings (Waqar et al., 2023;
Zaman et al., 2023).

Despite the apparent need for sustainable leadership in the con-
struction sector, there still needs to be a discernible knowledge gap
about integrating and executing sustainable leadership principles suc-
cessfully (Hashim et al., 2022; Banmairuroy et al., 2022). This is the case
even though the need for sustainable leadership is urgent. Researching
the dynamic interaction between conventional leadership structures and
the creative requirements of environmentally friendly development is
necessary within the building industry. The present body of literature
offers some insightful takeaways, but there is yet to be a complete
framework that can fill up this knowledge vacuum (D’Ambrosio and
Longobardi, 2023; Lopez Paredes et al., 2023). This paper explores the
complex confluence between sustainable leadership practices and the
construction industry to fill the gap left by previous research.

The construction industry, which plays a significant role in global
economic progress, is confronted with an increasingly pressing issue of
ensuring environmental sustainability and optimising resource uti-
lisation. The present difficulty, which is further intensified by the
resource-intensive characteristics of building practices, necessitates the
development of novel solutions that transcend simple acknowledgement
of the issue. The need to address the disparity between challenges and
resolutions is of utmost importance, with sustainable leadership
emerging as a potentially crucial factor. The primary objective of this
research is to provide a comprehensive understanding of the relation-
ship between sustainable leadership practices and the sustainability is-
sues faced by the construction industry, with a specific focus on the
unique circumstances of Pakistan. By examining the interplay between
sustainable leadership attributes and several facets of sustainable con-
struction practices, our objective is to create a complete conceptual
framework that may provide guidance for the transformation of the
industry.

Further there is an urgent need for environmental sustainability and
optimised resource utilisation in the construction industry, which is a
cornerstone of global economic success. There has been a need for cre-
ative solutions that go beyond just recognising the problem, since the
industry’s traditional practises are resource-intensive. In light of the
pressing need for sustainable development in the modern period, our
study fills this knowledge gap by investigating the complex relationship
between sustainable leadership practises and the many obstacles faced
by the construction sector.

This study is notable for its originality because it investigates the
relationship of sustainable leadership and the construction industry and
delves into relatively uncharted territory in Pakistan. This research
stands out as one of the few committed attempts in Pakistan’s academic
community to systematically concentrate on sustainable leadership
practices in the construction sector. In an area where the construction
industry significantly contributes to economic development, this study
stands out as one of the few focused efforts. In addition, this study uses
cutting-edge research methods, such as an in-depth Structural Equation
Modeling (S.E.M.) analysis, which contributes to the research’s overall
level of rigor and supports its conclusions.

The study’s unique contribution is its original method to examining
sustainable leadership practises in the construction industry of Pakistan.
Prior studies have investigated sustainable leadership in the construc-
tion industry. However, the research distinguishes itself by integrating a
literature review, expert analysis, and rigorous statistical methods,
providing a complete and multifaceted viewpoint. The research distin-
guishes itself by encompassing a wider range of sustainability di-
mensions through the incorporation of various factors, including green
building design, certification standards, life cycle assessment, renewable
energy integration, resilient infrastructure, social equity and inclusion,
and waste management.

By delving deeply into sustainable leadership practises within Paki-
stan’s specific environment, this study is a trailblazer in the field of
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construction industry research. There is a significant lack of research on
the unique possibilities and threats faced by the Pakistani construction
industry, despite the abundance of literature on sustainable building
practises. To fill this need, this study developed a thorough framework
that accounts for the complex dynamics of sustainable leadership within
a given geographical context in addition to the more traditional sus-
tainability components. The research sheds new light on the complex
issues faced by the construction sector in Pakistan and how sustainable
leadership practises interact with them. This study lays the groundwork
for a more sophisticated understanding of how sustainable leadership
may create transformational change within a given geographical setting
by using advanced analytical tools and conducting a wide-ranging
assessment of sustainability factors.

This article results from coming to terms with the complexities
involved in the building sector influencing the world’s landscape. It aims
to contribute to closing the gap on sustainable leadership, specifically
for the building and construction industry. This research aims to illu-
minate a pathway for leadership practices that not only construct
physical structures but also build the foundation for a resilient and
sustainable society, meeting the demands of the present without
compromising the future. This will be accomplished by analyzing the
industry’s challenges and opportunities. Fig. 1 shows the hypothesis of
the study on which the study is based, indicating green building design,
green certification standards, life cycle assessment, renewable energy
integration, resilient infrastructure development, social equity and in-
clusion and lastly, waste management and recycling have significant
relation with the sustainable leadership practices implementation.

2. Literature review

Sustainable leadership (S.L.) is a concept that has emerged in
response to the changing and challenging market scenario, which is
influenced by factors such as globalization, complexity, instability,
technical advances, high-performance pressure, fatigue, and deviant
actions. S.L. aims to create innovative and sustainable solutions by
enhancing the awareness, perspectives, thinking and interactions of
leaders and their followers (Oyewobi and Jimoh, 2022; Waqar et al.,
2023). S.L. also motivates and influences employees to take sustain-
ability actions for a better world in the present and the future and to
achieve organizational goals beyond the usual business practices. S.L.
applies sustainability principles to all levels of responsibility, from in-
dividuals to groups, organizations, and societies, and requires a personal
contribution from everyone involved in the process, such as changing
their thinking (Phinias, 2023). Sustainable development is a critical
global issue that demands reducing the environmental impact while
increasing the efficiency and competitiveness of industry and business
(Wagar and Othman, 2023; Dubljevi¢ et al., 2023). However, many
leaders and practitioners agree that sustainability should be imple-
mented more. Therefore, integrated planning and management 4.0 is
needed, which involves educating people, developing people, inno-
vating, connecting access to resources, and transforming (Mohamed and
Eltohamy, 2022; Khan et al., 2023). Leadership is one of the factors that
facilitate the success of project managers, but it also depends on the
collaboration of subordinates. A new leadership approach, like S.L., is
needed to overcome these problems and guarantee the survival of con-
struction industry organizations and communities (Khahro et al., 2023;
Gbedemah, 2023).

Pakistan’s construction industry is critical for the country’s eco-
nomic development and social welfare. However, it faces many chal-
lenges, such as low productivity, inferior quality, cost overruns, delays,
lack of skilled workers, environmental degradation, and corruption
(Khan et al., 2023; Wagqar et al., 2023). These challenges hinder the
adoption of green building practices, which are voluntary but believed
to set sustainable building standards and awareness among the masses.
The Building Code of Pakistan Energy Provision 2011 is the only regu-
latory framework that promotes energy conservation in buildings, but it
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Fig. 1. Documents by country 20133-2023 (Source SCOPUS database).

has yet to be widely implemented or enforced. Therefore, there is a need
for S.L. in the construction industry in Pakistan to address these issues
and ensure long-term prosperity for the industry and society (Khahro
et al., 2023; Deng et al., 2023). However, there needs to be more
empirical research on S.L. in the construction industry in Pakistan,
which limits the understanding of its benefits, barriers, drivers, and
practices (Madson et al., 2022; Bouhmoud et al., 2023).

The materials retrieved from the Scopus database included scholarly
papers, research articles, and conference proceedings pertaining to
sustainable leadership and its implementation within the construction
industry, with a specific emphasis on the context of Pakistan. It estab-
lished inclusion criteria to incorporate materials that specifically
addressed sustainable leadership practices within the construction
sector. Conversely, exclusion criteria were used to filter out documents
that were not related to the study’s particular topic and did not
contribute to the research. Fig. 1 is used to visually depict the
geographical distribution of published research articles pertaining to
sustainable leadership within the construction industry across several
nations. The nations have been arranged in a hierarchical order ac-
cording to the quantity of scholarly articles published, with the United
States occupying the highest position and Pakistan situated at the lowest
rank. The purpose of this graphic depiction is to provide a comprehen-
sive overview of the worldwide research environment on this particular
topic. The result highlights the United States as the primary donor and
Pakistan as a comparatively under-researched country, underscoring the
necessity for a targeted examination of Pakistan in our study. Further
sustainability differs from the conventional notion of leadership in that
it prioritizes long-term prosperity over short-term benefits. This means
the leader’s role is to boost production output and ensure it is produced
sustainably (Waqar et al., 2023; Quyen et al., 2023). Organizations
frequently need help creating a sustainable pool of people who can work
efficiently in various cultural contexts (Karayel et al., 2023; Samuelsson
et al., 2023). The organization must apply effective succession strategies
to achieve effective leadership and create a sustainable management
structure across the different functional units (Waqar et al., 2023).
Leaders also need to learn leadership skills and knowledge and improve
their self-perception of their abilities. Sustainable leadership comprises
three aspects: sustainable management, sustainable projects, and sus-
tainability activity (Das et al., 2023). Fig. 1 shows the distribution of

published documents related with the scope and theme of this paper. It
can be clearly seen that USA and other developed countries are taking
the lead more significantly.

This literature review examines sustainable leadership practices in
construction and their role in constructing a resilient society. Sustain-
able construction leadership practices employ a long-term vision, bal-
ance the constructed environment’s economic, social, and
environmental aspects, and involve diverse and inclusive stakeholders
(Ma et al., 2023; Ramis et al., 2023). These practices can assist in coping
with the challenges and opportunities that arise in the end-of-life deci-
sion phase of complex structures, which entails selecting the best option
for the disposal or reuse of the built asset (Ma et al., 2023; Cheung et al.,
2023). To support this examination, a document search was undertaken
using the Scopus database and the relevant publications were evaluated
and classified using V.0O.S. Viewer, a tool for visualizing bibliometric
networks. Fig. 2 displays the visual representation of the keywords
related to sustainable leadership practices in construction and
end-of-life decision phases. The review summarizes the current knowl-
edge on this topic and highlights the voids and challenges that need to be
addressed in future research.

The pursuit of sustainability within the construction industry is
driven by a significant issue that extends beyond geographical limita-
tions: the industry’s reliance on resources and its consequential envi-
ronmental consequences (Latiffi and Zulkiffli, 2022; Larsen and
Brandenburg, 2023). Construction activities contribute significantly to
the overall use of resources and creation of trash on a worldwide scale
(Oyewobi and Jimoh, 2022; Hashim et al., 2022). The industry’s sig-
nificant dependence on energy and materials, often obtained from finite
sources, not only puts pressure on natural resources but also plays a role
in the release of greenhouse gases and the occurrence of climate change
(Banmairuroy et al., 2022; Egwunatum et al., 2022). In addition, the
industry has historically had challenges in the realm of waste manage-
ment, resulting in adverse environmental impacts such as pollution and
the depletion of resources (Maqgbool et al., 2023; Gorecki et al., 2022). In
light of the growing global recognition of the significance of environ-
mental and social responsibility, the construction sector is confronted
with increasing demands to embrace sustainable methodologies (Das
et al., 2023; Bouhmoud et al., 2023). This challenge requires an exam-
ination of sustainable leadership as a feasible approach to address these
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urgent problems and propel the sector towards a more robust and
environmentally aware future.

This literature review has explored the concept of sustainable lead-
ership practices in construction and how they can help to build a resil-
ient society in the face of environmental, social, and economic
challenges. It has also examined the end-of-life decision phase of com-
plex structures, which requires carefully assessing the options for
disposal or reuse of the built asset (Cheung et al., 2023; Magbool et al.,
2023). The review has shown the need for more empirical research on
sustainable leadership practices in the construction industry, especially
in Pakistan, where the industry faces many issues, such as low produc-
tivity, poor quality, corruption, and environmental degradation. The
review has also identified some of the benefits, barriers, drivers, and
practices of sustainable leadership in the construction industry and some
of the tools and methods that can be used to measure and improve its
performance and sustainability outcomes (Magbool et al., 2023; Waqar
et al., 2023).

A complex knowledge of sustainable leadership practises in the
construction industry was uncovered by the literature study, which
highlighted the interdependence of several aspects. Important factors

Questionnaire
Phase

Conceptual
Study

impacting sustainable leadership include green building design, certi-
fication requirements, life cycle assessment, integration of renewable
energy, resilient infrastructure, social equality, and waste management.
To create a construction sector that is both resilient and environmentally
conscientious, previous research has shown that leadership strategies
should be in line with social and environmental concerns. It is important
to better comprehend the impact of sustainable leadership on the future
of the construction industry thanks to the review’s results, which guided
the development of our conceptual framework.

3. Methodology

This study involved four essential sections, shown in Fig. 3; the first
section involved conceptual study, which involves research framework
development from the literature; the second stage is the questionnaire
phase which includes designing the questionnaire; and the third stage is
the S.E.M. analysis which consists of testing of hypothesis lastly the final
stage is conclusion phase which is discussing the success of the study in
terms of its designed concept. The connection between these method-
ologies is vital in attaining a full comprehension of sustainable

Study

SEM Analysis Conclusion
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Fig. 3. Flow chart of the study.
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leadership practices within the building industry. The expert analysis
was undertaken in order to provide a qualitative viewpoint and verify
the findings of the questionnaire. The incorporation of both quantitative
and qualitative data enables a comprehensive examination of sustain-
able leadership practices within the particular context of Pakistan. In
conducting the literature review, the method adhered to the PRISMA
(Preferred Reporting Items for Systematic Reviews and Meta-Analyses)
statement guidelines.

o Identification: We searched Scopus, PubMed, Web of Science, and
Google Scholar. The search approach included "sustainable leader-
ship," "construction industry," "green building," "Pakistan," and
related topics. The first search yielded 1250 items.

Screening: Titles and abstracts were reviewed to exclude extraneous
research, reducing the pool to 600 articles. At this level, publications
not about sustainable leadership or building were excluded.
Eligibility: The remaining articles were full-text reviewed for rele-
vance and quality. Studies on sustainable building and leadership
were included. Excluded studies lacked empirical evidence or
concentrated beyond Pakistan. This reduced the choices to 300
items.

Inclusion and data extraction: We included 150 suitable articles
that satisfied all our criteria and gave considerable subject insights.
These research’ major results, methodology, geographic emphasis,
and theoretical frameworks were summarised during data
extraction.

Synthesis: The last step was synthesising these 150 publications’
data. This synthesis presented a complete knowledge of sustainable
leadership in construction, notably in Pakistan, and identified
research gaps and possibilities.

Moving further, SEM is a sophisticated statistical methodology that
enables the modelling and analysis of complex interactions (Hashim
et al.,, 2022; Egwunatum et al., 2022). The examination of causal re-
lationships and interactions among various factors aids in the explora-
tion of the intricate connections between green building design,
certification standards, life cycle assessment, renewable energy inte-
gration, resilient infrastructure, social equity and inclusion, and waste
management in the context of sustainable leadership practices. The
integration of various research methodologies and analytical tools offers
a holistic perspective on sustainable leadership in the construction in-
dustry of Pakistan. This approach facilitated the integration of theoret-
ical frameworks, as shown by the literature study, with empirical data
obtained via questionnaires and expert analysis (Mohamed and Eltoh-
amy, 2022; Magbool et al., 2023). The selection of this method was
based on its effectiveness in comprehensively addressing the many di-
mensions of sustainable leadership within the construction sector.
Moreover, it aims to provide significant contributions by shedding light
on the ways in which sustainable leadership may facilitate the adoption
of environmentally aware practises and enhance the industry’s ability to
withstand challenges and changes.

3.1. Identification of factors through literature

The method used in this part consisted of a rigorous process that
systematically identified and extracted essential elements related to
sustainable leadership practices in the construction sector. This method
thoroughly examines the relevant literature to build a framework for
future analyses and debates (Lee and Ashuri, 2023; Kuzucuoglu et al.,
2023). The goal of this method is to develop a comprehensive founda-
tion. The selection of systematic literature review strategy was based on
its systematic and rigorous approach to the collection and examination
of pertinent scholarly articles. The process of conducting a systematic
literature review entails the use of predetermined search criteria, a
meticulously designed search strategy, and a rigorous selection pro-
cedure aimed at including only those studies that satisfy certain criteria.
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During the implementation of our systematic literature review, we
used prominent databases such as Scopus, Web of Science, and Google
Scholar. Search string involved, Search String: "sustainable leadership
practices in construction" AND "Pakistan" AND "green building design"
OR '"certification standards" OR "life cycle assessment” OR '"renewable
energy integration" OR "resilient infrastructure” OR "social equity and
inclusion" OR "waste management". The investigation was carried out
via a meticulously chosen collection of keywords and a search string
customised to meet the specific criteria of the research. Our search
included the relevant literature over the last decade. The selection cri-
terion prioritised peer-reviewed research publications and conference
proceedings, with a strong focus on studies pertaining to sustainable
leadership practises in the construction industry, particularly within the
specific context of Pakistan. A thematic analysis was undertaken in order
to classify and integrate the material that was discovered. The following
is an outline of the methodology:

In the first step of the process, a methodical approach to the litera-
ture search is used to access a wide variety of scholarly materials (Lee
and Ashuri, 2023; Chen et al., 2023). These resources may include
recognized databases, academic journals, conference proceedings, and
authoritative reports. This approach uses many search terms, including
restricted vocabulary, Boolean operators, and carefully selected key-
words, to guarantee that relevant research is retrieved.

Afterward, the selection criteria are applied to these acquired ma-
terials, focusing on peer-reviewed publications, case studies, reviews,
and reports centered on sustainable leadership methods within the
construction industry (Chen et al., 2023; Turnbull et al., 2023). The
chosen studies give new insights into the elements that influence sus-
tainable leadership. These factors include social inclusion, ethical
decision-making, environmental responsibility, and economic viability.

To begin the data extraction and synthesis process, relevant infor-
mation from the selected research must first be extracted methodically
(Waqar et al., 2023a). We have selected critical aspects connected to
environmentally responsible leadership practices and arranged them in
an organized (Lee and Ashuri, 2023; Chen et al., 2023). The next step is
to utilize thematic analysis to classify and arrange these aspects into
consistent themes, making it easier to recognize overarching patterns
and trends that may be found throughout the text (Latiffi and Zulkiffli,
2022).

A expert review process is implemented into the research design to
strengthen the validity and dependability of the discovered elements
and themes. The input and recommendations of specialists in sustain-
able leadership, construction management, and sustainable develop-
ment are requested and considered (Chen et al., 2023; Turnbull et al.,
2023). The iterative approach to developing the factors improves the
entire framework’s resilience.

The framework that is ultimately produced as a consequence of this
methodical process of identifying relevant prior research will be used as
the foundation for future analyses and debates included within the
paper. This method paves the way for more empirical investigation and
model validation since it places these aspects within the broader land-
scape of sustainable leadership practices in the construction sector
(Goérecki et al., 2022; Turnbull et al., 2023).

3.2. Evaluation of factors through expert analysis

A meticulous expert study was carried out to strengthen the credi-
bility and completeness of the synthesis framework that outlines sus-
tainable leadership practices within the construction sector. This was
done to strengthen the credibility of the framework. This evaluation is
being carried out with the participation of sixteen highly experienced
industry professionals, each of whom has worked in the building and
construction industry for over 15 years. Because most of these specialists
have held management and other leadership responsibilities in the past,
they have a wide variety of valuable insights that result from their sig-
nificant experience (Wagqar et al., 2023h, 2023i). This is of the utmost
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importance.
The professional evaluation was carried out in the following
methodical order:

e The chosen professionals were singled out for their outstanding skill
and thorough acquaintance with the building world. Because of their
leadership positions and management responsibilities within the
sector, they were excellently suited to deliver insightful opinions on
effective, environmentally responsible leadership methods.

The myriad of aspects derived from the research was painstakingly
compiled into an orderly structure before being presented to the
specialists (Mergos, 2023; Tran et al., 2023). This presentation
included explanations of the elements, thematic groupings of those
characteristics, and the implications those explanations have for
fostering sustainable leadership in the construction industry (Ban-
mairuroy et al., 2022; Hu and Shu, 2023).

The experts participated in intentional discussions by exchanging the
thoughts gained from their extensive professional experiences. These
dialogues took the form of interviews or questionnaires. Because of
their significant practical experience, their contributions covered a
wide range, ranging from validation and refinement to even pro-
spective augmentations (Banmairuroy et al., 2022; Liihr et al., 2023).
This was made possible by their excellent hands-on expertise.

The insights obtained from the expert cohort were subjected to a
careful synthesis, and then an in-depth analysis was performed on
them. During this process, common threads, convergences, and
variances across their points of view were identified, which led to the
crystallization of visible patterns (Hashim et al., 2022; Egwunatum
et al., 2022).

The assessment started on an iterative path, with repeated rounds of
expert comment and revision invited (Jiang et al., 2022; Elkhapery
et al., 2023). This iterative approach enabled a complete and
multifaceted review of the discovered elements, bringing together
contrasting points of view in the process.

The findings that emerged from the expert analysis were meticu-
lously compared and contrasted with those obtained during the
preliminary phase of literature extraction (Lopez Paredes et al.,
2023; Elkhapery et al., 2023). Using this triangulation method, we
confirmed a resonance between the variables, academic viewpoints,
and practical industrial knowledge.

Invigorated by the contributions and insights of the expert panel, the
improved framework emerged as an excellent resource for additional
analyses, debates, and empirical studies included within the paper
(Lopez Paredes et al., 2023; Zhang and Dong, 2023).

3.3. Questionnaire plan

The questionnaire has been designed to identify factors through
literature review and expert analysis. The research approach that was
used for this stage consisted of doing a quantitative analysis of the re-
sults of a questionnaire that had been painstakingly constructed. The
questionnaire inquired about sustainable leadership practices in the
building and construction business. The questionnaire was distributed
across the research region of Rawalpindi, located in Pakistan (Latiffi and
Zulkiffli, 2022; Zenteno et al., 2023). The following is an overview of the
methods that may be used going forward:

To investigate the topic of sustainable leadership practices within the
construction sector in a comprehensive manner, a quantitative method
was used. The questionnaire was essential for collecting quantitative
data, which were then analyzed statistically to provide empirical in-
sights. These findings inform future research and policy decisions
(Banmairuroy et al., 2022; Egwunatum et al., 2022). Fig. 4 is presenting
the hypothesis of the study on which the questionnaire was constructed
for data collection. Hypothesis are as follows.
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Fig. 4. Hypothesis of the study.

e H1: Green building design positively affects sustainable leadership
practice.

e H2: Green certification and standards positively affects sustainable

leadership practice.

H3: Lifecycle assessment positively affects sustainable leadership

practice.

o H4: Renewable energy integration positively affects sustainable
leadership practice.

o H5: Resilient infrastructure development positively affects sustain-

able leadership practice.

H6: Social equity and inclusion positively affects sustainable lead-

ership practice.

H7: Waste management and recycling positively affects sustainable

leadership practice.

The study sample consisted of experts and stakeholders operating
within the construction industry in Pakistan. In order to gather partic-
ipants for our study, we used a purposive sample method, specifically
focusing on persons who had knowledge and experience in the areas of
sustainable leadership and building practices. The study procedure was
conducted with a strong emphasis on ethical concerns, and strict
adherence to ethical regulations and norms regulating research
involving human participants was maintained in order to uphold the
highest standards of research conduct. To safeguard the credibility and
ethical validity of our study, informed consent was also taken. The
questionnaire was meticulously prepared, and it used a Likert scale with
five points to examine respondents’ viewpoints on various environ-
mentally responsible leadership methods (Lopez Paredes et al., 2023;
Elkhapery et al., 2023). The questionnaire, which was constructed using
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proven concepts found in the existing body of research, included a va-
riety of topics such as environmental stewardship, ethical
decision-making, social inclusion, and economic viability, among
others. The design of the structured questionnaire ensured that replies
would be consistent and similar.

To participate in the poll, 296 individuals were contacted and asked
to participate. A respectable response rate of 69 % was achieved due to
the questionnaire’s successful collection of 206 valid replies. The
questionnaire was disseminated via many email channels, making
participation convenient and easy for many people. In addition, to
guarantee that a varied pool of responses was collected, the question-
naire was also personally distributed to local experts who lived within
the research region (Hashim et al., 2022; Banmairuroy et al., 2022;
Lopez Paredes et al., 2023).

Careful thought was made to guaranteeing the data obtained was
representative and relevant while choosing the participant sample for
this research. The sample includes 206 individuals who are now working
as professionals in Pakistan’s construction business. The rationale for
this decision is that studying sustainable leadership practises in a local
setting requires experts with first-hand knowledge and experience
(Egwunatum et al., 2022; Gorecki et al., 2022). Architects, engineers,
project managers, and sustainability experts were among the carefully
chosen participants from the building industry. The goal in embracing
diversity is to have a well-rounded understanding of sustainable lead-
ership in all its aspects. Further adding to the study’s generalizability is
the geographical distribution of its participants, who hail from all
throughout Pakistan (Banmairuroy et al., 2022; Mohamed and Eltoh-
amy, 2022).

The research was carried out in Rawalpindi, Pakistan, which is
recognized as an essential metropolitan hub in the building and con-
struction sector (Tran et al., 2023; Hu and Shu, 2023). The study region
was chosen so that the researchers could contribute to the more exten-
sive debate on sustainable building practices while also gaining insights
into sustainable leadership methods applicable within the local area’s
unique context.

The method combines quantitative analysis with a thorough ques-
tionnaire design, and it is rooted in the city of Rawalpindi, which is
located in Pakistan. The adopted Likert-scale questionnaire adequately
evaluated respondents’ impressions of sustainable leadership practices,
allowing for statistically valid results and meaningful comparisons. In
the context of the construction industry’s sustainable leadership envi-
ronment, the substantiated sample size and the results from earlier
research lend credence to the validity of the study’s conclusions (Waqar
et al., 2023h; Hu and Shu, 2023).

3.4. Structural Equation Modeling (S.E.M.) analysis

Exploratory Factor Analysis (E.F.A.) and Partial Least Squares
Structural Equation Modeling (PLS-SEM) are two of the most critical
analytical procedures used in the research approach. Each method uses
its own set of criteria and software tools.

e Exploratory Factor Analysis (E.F.A.): In this study, we used E.F.A.
to unearth latent variables that reflect sustainable leadership ap-
proaches. The extraction method, Principal Component Axis, was
used for the E.F.A. It looked at factors whose Eigenvalues were more
significant than 1.0 (Gorecki et al., 2022; Jiang et al., 2022). The
factors were rotated using the Varimax method to improve their
interpretability; nonetheless, only the items with loadings of more
than 0.6 were kept for each factor (Dubljevic et al., 2023; Khahro
et al., 2023).

e P.L.S. measurement modeling: The SmartPLS 4 program was used
for the PLS-SEM study. The robustness of the measurement model
was evaluated based on convergent validity, discriminant validity,
and other aspects of validity. Convergent validity was shown by item
loadings higher than 0.7 and average variance extracted (AVE)
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values higher than 0.5 (Phinias, 2023; Waqar and Othman, 2023).
When the square root of the AVE for each construct was more sig-
nificant than its correlations with other constructs, this indicated
that the discriminant validity of the model was intact. Path co-
efficients, t-values, and p-values were used to analyze the structural
model’s performance (Latiffi and Zulkiffli, 2022). This test de-
termines the extent to which the correlations between constructs
compare to those between indicators included inside a construct. The
cutoff point, in terms of discriminant validity, is established at 0.85
(Mohamed and Eltohamy, 2022; Madson et al., 2022). This test
confirms that the constructions have a stronger relationship to the
indicators of their construct than to the indicators of other con-
structs. Within this criteria, a comparison is made between the
square root of the AVE for each construct and its connections with
other constructs. When the average variance extracted (AVE) of each
concept is shown to be higher than its correlation with the other
constructs; discriminant validity has been established (Quyen et al.,
2023; Samuelsson et al., 2023). Cross-loadings are computed during
PLS-SEM, and their purpose is to measure the strength of correlations
between indicators and their target constructs in comparison to re-
lationships between indicators and other constructs. The discrimi-
nant validity is adequate when the cross-loadings are more
significant on the targeted concept than on others.

Analysis of the structural model and path analysis: 5000 boot-
strap samples were used to analyze the structural model created
using the bootstrapping method. This approach made the computa-
tion of path coefficients, standard errors, t-statistics, and p-values
easier (Ma et al., 2023; Ramis et al., 2023). When the path co-
efficients were significant (p 0.05), and the t-values of the hypotheses
surpassed 1.96 (at a 95 % confidence level), the researchers
considered the hypotheses to be supported.

A test of the predictive relevance (Q2): Using SmartPLS 4, the
predictive relevance test analyzed the Q2 values connected with the
endogenous latent constructs. A positive score for Q2 revealed that
the model had predictive relevance and proved the constructs’ ca-
pacity to anticipate the changes in their respective indicators.
Additionally, the model’s ability to forecast these variations was
proven.

4. Results and analysis
4.1. Identified factors through literature and expert analysis

Table 1 provides a detailed summary of the discovered criteria,
developed from the literature research and then evaluated by domain
experts. The outcomes of the study are shown in this table. These aspects
of sustainable leadership practices within the construction sector are
broken down into thematic groupings, with each group shedding light
on important facets of these practices.

Green Building Design: This collection of considerations highlights the
significance of incorporating environmentally responsible policies and
procedures into the building design process. Actions such as reducing
resource use, selecting environmentally friendly materials, and imple-
menting energy-efficient technologies help reduce an organization’s
environmental imprint and reflect an organization’s commitment to
sustainability. The use of cutting-edge technology better aligns enter-
prises with the shifting landscape of their respective industries, there-
fore placing them as agents of constructive change (Quyen et al., 2023;
Samuelsson et al., 2023).

Waste Management and Recycling: The components that make up this
category shed light on the critical need for implementing waste man-
agement and recycling plans. These methods help reduce waste pro-
duced by building projects, reduce the burden placed on landfills, and
lessen the negative effect of trash disposal on the environment. Adopting
these methods not only complies with the principles of sustainable
leadership but also encourages the appropriate management of
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Table 1
Identified factors from the literature review and verified by experts.
Group Code S.L.P. Implementation Refs.
Factors
Green GBD1 Reduces both resource Gbedemah (2023),
Building consumption and refuse Madson et al. (2022)
Design production.

GBD2 Selects eco-friendly and Banmairuroy et al.
locally sourced materials to ~ (2022), Tran et al.
reduce environmental (2023)
impact.

GBD3 Focuses on energy-efficient  Interview
insulation, lighting, and
HVAC systems to reduce
energy consumption.

GBD4 Seek out innovative Hashim et al.
technologies and methods (2022), Liihr et al.
for sustainable design. (2023)

GBD5 Informs stakeholders Ghorbani (2023),
regarding the Othman and
environmental benefits of Elwazer (2023)
ecological design.

Waste WMR1 Reduces construction waste  Indrayana and
Management through refuse Pribadi (2023),
& Recycling management efficiency. Nguyen and Nguyen
(2023)

WMR2  Encourages recycling and Foldy and Ospina
material reuse to reduce (2023), D’Ambrosio
landfill waste. and Longobardi,

(2023)

WMR3 Implements refuse Gordeev (2023),
separation and Anon (2023)
management strategies on
construction sites.

WMR4  Adopts practices that Interview
reduce the impact of waste
disposal on the
environment.

WMR5  Manifests a dedication to Interview
minimizing resource
depletion and
environmental damage.

Resilient RID1 It is developing and Interview
Infrastructure constructing resilient
Development infrastructure to natural
disasters and climate
change.

RID2 Utilizes durable materials Nguyen and Nguyen
and engineering methods (2023), Othman and
for longevity. Elwazer (2023)

RID3 Enhances community Hashim et al.
safety and reduces (2022), Liihr et al.
disruptions during (2023)
calamities.

RID4 Reduces long-term Wagqar et al.
maintenance expenses by (2023h), Mergos
constructing durable (2023)
structures.

RID5 Manifests a commitment to  Gorecki et al.
the long-term health of the (2022), Hu and Shu
community and (2023)
environment.

Renewable REI1 Incorporates renewable Interview
Energy energy sources such as
Integration solar, wind, and
geothermal into building
initiatives.

REI2 Reduces reliance on fossil Interview
fuels and carbon dioxide
emissions.

REI3 Supports the transition to Interview
more environmentally
friendly and sustainable
energy sources.

REI4 Contributes to long-term Lopez Paredes et al.

energy cost savings and

(2023), Elkhapery
et al. (2023)

Table 1 (continued)
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Group Code

S.L.P. Implementation
Factors

Refs.

REI5

Life Cycle LCA1
Assessment

LCA2

LCA3

LCA4

LCA5

Green GCS1
Certification
& Standards

GCS2

GCS3

GCs4

GCS5

Social SEIl1
Equity
& Inclusion
SEI2

SEI3

SEI4

SEIS

conservation of natural
resources.

Promotes sustainable
energy solutions and
demonstrates a
commitment to reducing
the carbon footprint.
Assesses the environmental
impacts of an undertaking
from start to finish.
Considers resource
utilization, emissions, and
energy consumption
throughout the life cycle of
the undertaking.

Guides judicious decisions
to reduce the global
environmental footprint.
Promotes ethical decision-
making by highlighting
areas for development.
Manifests a commitment to
comprehensive
sustainability and informed
decision-making.

Pursues certifications such
as LEED to demonstrate
adherence to
environmentally
responsible building
practices.

Adheres to established
ecological building
guidelines and standards.
Environmentally
responsible design,
construction, and operation
are validated.

Encourages the adoption of
sustainable practices and
benchmarks across the
industry.

Demonstrates dedication to
meeting stringent
sustainability criteria and
fostering environmental
improvement.

Prioritizes the inclusion
and well-being of diverse
communities.

Provides affordable
housing and meets the
requirements of local
residents.

Creates employment
opportunities for
disadvantaged populations
and the local labor force.
Encourages community
participation and
collaboration in building
initiatives.

Demonstrates dedication to
equitable and inclusive
development that benefits
the entire society.

Egwunatum et al.
(2022), Jiang et al.
(2022)

Interview

Interview

Indrayana and
Pribadi (2023),
Ghorbani (2023)
Interview

Interview

Interview

Interview

Das et al. (2023),
Othman and
Elwazer (2023)

Wagar et al.
(2023a), Zaman
et al. (2023)

Interview

Interview

Interview

Ma et al. (2023),
Magbool et al.
(2023)

Tran et al. (2023),
Liihr et al. (2023)

Lopez Paredes et al.
(2023), Elkhapery
et al. (2023)

resources and care of the surrounding environment.

Resilient infrastructure development: The elements included in this
category highlight how important it is to build infrastructure resistant to
natural disasters and climate change. Demonstrating a commitment to
sustainable practices that can resist the difficulties given by a changing
climate and environmental uncertainties is accomplished by giving
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durability, safety, and the community’s long-term well-being a high
priority.

Renewable Energy Integration: Incorporating various renewable en-
ergy sources is crucial and suggests a trend toward more sustainable
energy practices. Companies not only lessen their carbon footprints but
also significantly contribute to the more significant movement toward
adopting renewable energy sources such as solar, wind, and geothermal
power when implementing these technologies (Waqgar et al., 2023f;
Yun, 2023).

Life cycle assessment: The factors that fall under this category high-
light the significance of taking a holistic approach to addressing sus-
tainability issues by conducting life cycle assessments. Organizations
can make educated choices that reduce their overall global environ-
mental footprint and promote ethical and environmentally responsible
business practices if they do environmental impact assessments
throughout the lifecycle of a project.

Green Certification & Standards: The considerations included in this
category show the relevance of acquiring environmental certifications
and complying with standards that have been set. Not only does this
legitimize a commitment to sustainability, but it also pushes industry-
wide adoption of responsible practices and norms, ultimately elevating
the construction industry’s overall environmental performance
(Samuelsson et al., 2023; Wagqar et al., 2023e).

Social Equity & Inclusion: The considerations included under this
category highlight the importance of fostering inclusive and equitable
growth. A commitment to society’s overall well-being may be shown by
prioritizing issues such as social fairness, affordable housing, job pos-
sibilities for underserved populations, and community participation
(Waqar et al., 2023f; Yun, 2023). This approach is in line with the ideals
of sustainable leadership.

In conclusion, the findings in Table 1 represent an extensive spec-
trum of sustainable leadership criteria within the construction sector.
Both academic research and the views of industry professionals have
confirmed these factors. The construction industry is working toward
the goal of creating a built environment that is resilient, inclusive, and
ecologically responsible, and each category of variables highlights a
different aspect of sustainable development (Li et al., 2023; Ramis et al.,
2023). Together, these groups of characteristics contribute to this goal.
These results highlight the significance of making educated decisions
and strategically implementing sustainable leadership methods to meet
modern issues and benefit society and the environment.

4.2. Demographic details of questionnaire respondents

The data shown in Table 2 offers insights into the participation of the
participants, including information on gender distribution, professional
experience, and occupational positions. The gender makeup of the in-
dustry may be inferred from the fact that male participants made up 86
% of the total population of the sample. A wide range of experience
levels are present, with 36 % having 11 to 15 years of experience and 26
% having 6 to 10 years of experience. Regarding occupational positions,
42 % are civil engineers, 33 % are project managers, and 20 % are safety

Table 2
Respondent involvement in the study.
Characteristics Description Values Percentage
Gender Male 188 86 %
Female 18 8%
Experience 0 to 5 Years 24 11 %
6 to 10 Years 56 26 %
11 to 15 Years 78 36 %
16 to 20 Years 30 14 %
Over 20 Years 18 8 %
Profession Project Manager 72 33 %
Civil Engineer 91 42 %

Safety Manager 43 20 %
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managers. The unique viewpoints and more profound comprehension of
sustainable leadership methods in the construction sector result from a
varied group of people participating in the research.

4.3. Structural Equation Modeling (S.E.M.) analysis

4.3.1. EFA analysis

Table 3 offers a detailed summary of the findings of the Exploratory
Factor Analysis (E.F.A.). It does this by disclosing the extracted com-
ponents, variable loadings, and Cronbach’s alpha values for each found
factor within sustainable leadership practices. The Exploratory Factor
Analysis (E.F.A.) intended to discover underlying latent constructs
represented by the observed variables, using Cronbach’s alpha to vali-
date the internal consistency of each component (Hashim et al., 2022;
Banmairuroy et al., 2022). The findings illustrate the connections be-
tween the variables that can be seen and the latent factors, which en-
ables us to understand the factors and evaluate the degree to which they
may be relied upon.

For example, variable loadings ranging from 0.708 to 0.857 within
the "Green Building Design" factor (G.B.D.) suggest high connections
with the underlying latent construct. Similarly, the "Waste Management
& Recycling" (W.M.R.) component has varying loadings ranging from
0.682 to 0.841, which indicates continuous correlations (Egwunatum
et al., 2022; Elkhapery et al., 2023). The "Resilient Infrastructure
Development" (R.I.D.) factor presents loadings ranging from 0.604 to
0.811, each representing a different variable associated with this
construct. A similar trend may be seen across a variety of different
considerations, including "Renewable Energy Integration" (R.E.L), "Life
Cycle Assessment" (L.C.A.), "Green Certification & Standards" (G.C.S.),
and "Social Equity & Inclusion" (S.E.L).

Principal Component Analysis was used as the extraction method,
and Varimax rotation with Kaiser normalization was used to improve the
components’ interpretability. Both of these procedures were carried out

Table 3
Exploratory Factor Analysis (E.F.A).

Variables = Component

1 2 3 4 5 6 7

GBD1 .857
GBD2 .810
GBD3 .760
GBD4 .708
WMR1 .820
WMR2 782
WMR3 731
WMR4 .682
RID1 .811
RID2 .765
RID3 721
RID4 .643
RID5 .604
REI1 791
REI3 .707
REI4 .664
REIS .609
LCAl 781
LCA2 720
LCA3 673
LCA4 644
GCS1 751
GCS2 712
GCS3 641
GCs4 .602
SEI1 713
SEI4 .654
SEI5 .601
“Extraction method: Principal Component Analysis.”
“Rotation method: Varimax with Kaiser Normalization.”
“Variable GBD5, WMR5, REI2, LCAS5, GCS5, SEI2, SEI3 excluded because of loading
less than 0.6.”




A. Wagqar et al.

before the data was analyzed. Variables such as GBD5, WMRS5, REI2,
LCAS5, GCS5, SEI2, and SEI3 had loadings that were lower than 0.6; thus,
they were omitted from the study since their connections with the cor-
responding latent constructs were not as strong as those of other
variables.

In essence, Table 3 gives a thorough overview of the findings of the E.
F.A. by emphasizing the variable loadings, Cronbach’s alpha values, and
the internal consistency of the discovered factors. This research exam-
ines the linkages between observable variables and latent constructs,
thus enhancing the credibility and dependability of the sustainable
leadership practices framework within the construction sector (Hashim
et al., 2022; Tran et al., 2023). Specifically, this analysis focuses on the
correlations between seen variables and hidden constructs.

4.3.2. PLS measurement modeling

Table 4 evaluates convergent validity using Cronbach’s alpha (C.A.),
composite reliability (C.R.), and average variance extracted (AVE) for
each sustainable leadership practices group. The table shows item
loadings, Variance Inflation Factor (V.LF.), and C.A., C.R., and V.LF.
values. This assessment is essential to verify the measurement model and
its components’ dependability and consistency.

Cronbach’s alpha, composite reliability and average variance
extracted are used to evaluate cohesive validity, which measures how
well items in a construct measure the same concept.

GBD1 has a loading of 0.820 for the "Green Building Design" group
(G.B.D.), showing a high relationship with the latent construct. GBD2
was removed owing to its poor link. Both GBD3 and GBD4 have signif-
icant loadings of 0.819 and 0.952. The Variance Inflation Factor (V.L.F.)
over 2.0 suggests multicollinearity (Banmairuroy et al., 2022; Liihr
et al., 2023).

The dependability of each group is assessed using Cronbach’s alpha
(C.A.) values. Internal consistency is high with higher C.A. values. The
composite reliability (C.R.) measures how well group components
measure the underlying concept. The average variance extracted (AVE)
shows the construct’s variation relative to measurement error (Tran
et al., 2023; Hu and Shu, 2023).

Table 4
Convergent validity considering Cronbach alpha, composite reliability and
average variance extracted.

Group Code Loadings VIF CA CR V.LF.
Green GBD1 0.820 1.770 0.836 0.899 0.75
Building GBD2 Deleted 2.252
Design GBD3 0.819 2.055
GBD4 0.952 2.075
Waste WMR1 0.891 1.152 0.813 0.889 0.727
Management WMR2 0.839 1.603
& Recycling WMR3 0.827 2.629
WMR4 Deleted 1.555
Resilient RID1 Deleted 2.162 0.792 0.858 0.603
Infrastructure RID2 0.812 1.736
Development RID3 0.768 1.795
RID4 0.723 1.443
RID5 0.801 2.898
Renewable REI1 0.879 2.488 0.816 0.879 0.647
Energy REI3 0.809 1.347
Integration REI4 0.806 1.799
REI5 0.714 2.336
Life LCAl 0.920 1.860 0.815 0.891 0.732
Cycle LCA2 0.798 1.987
Assessment LCA3 0.844 1.786
LCA4 Deleted 1.675
Green GCS1 0.677 1.251 0.745 0.821 0.535
Certification GCS2 0.717 1.057
& Standards GCS3 0.766 1.075
GCS4 0.762 2.111
Social SEIl 0.828 2.102 0.88 0.927 0.808
Equity SEI4 0.942 1.112
& Inclusion SEIS 0.922 1.242
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Convergent validity was validated for most components with sig-
nificant C.A. and C.R. values. However, elements with low factor load-
ings were eliminated to refine the measurement model. V.L.F. values
should be below 5 to reduce multicollinearity (Hashim et al., 2022;
Lopez Paredes et al., 2023).

Table 4 shows the comprehensive examination of convergent val-
idity for each sustainable leadership practices group. The table shows
each group’s strength and dependability using loadings, C.A., C.R., and
V.LF. values, validating the measurement model’s consistency and ac-
curacy. This research strengthens the study and confirms the construc-
tion industry’s sustainable leadership practices components (Tran et al.,
2023; Hu and Shu, 2023).

Table 5 shows the findings of the commonly utilized Heterotrait-
Monotrait Ratio of Correlations (HTMT) study to test construct
discriminant validity. The table shows the HTMT values for each pair of
constructs in the sustainable leadership practices framework, revealing
their uniqueness. Each column in the table shows the HTMT value be-
tween two constructions (Liihr et al., 2023; Jiang et al., 2022). The
HTMT values determine if item correlations within a concept are higher
than between constructs (Waqar et al., 2023i; Waqar and Khan, 2023).
Discriminant validity shows that the constructs are separate and not
overly associated if the HTMT value is below a particular level (usually
0.85).

In the row "Green Building Design=GBD," the matrix diagonal is
always 1 (showing perfect correlation); hence the value is left unfilled.
The cell at the intersection of "Green Certification & Standards=GCS"
and "Green Building Design=GBD" has a value of 0.316, below the 0.85
threshold, indicating discriminant validity. Similarly, the other cells
show HTMT values between build pairings. If the value is below 0.85,
the constructions are distinct and discriminant.

Table 6 shows the Fornell-Larcker criteria findings for assessing
concept discriminant validity in the sustainable leadership practices
framework. This criterion compares construct correlations to the square
root of each construct’s average variance extracted (AVE). Each table
column shows the association between two constructs (Hashim et al.,
2022; Egwunatum et al., 2022). The values are compared to create AVE
values. If the correlation value is smaller than the AVE value for both
variables, discriminant validity indicates that they are different and not
strongly connected.

o In the cell "Green Building Design=GBD," the value is 0.866, more
significant than the AVE of G.B.D. (0.75). G.B.D. and itself correlate
more significantly than its AVE value, indicating a lack of discrimi-
nant validity.

The cell at the intersection of "Green Certification & Standards=GCS"
and "Green Building Design=GBD" has a value of 0.291, which is
smaller than the AVE values of G.C.S. (0.535) and G.B.D. (0.75),
demonstrating discriminant validity.

Other cell values are compared to AVE values to evaluate discrimi-
nant validity between construct pairings.

Table 6 summarizes the Fornell-Larcker criteria findings, testing
discriminant validity between pairs of items in the sustainable leader-
ship practices framework. The findings confirm the distinctness of these
constructs, boosting confidence in the measuring model’s capacity to
capture different sustainable leadership approaches in the construction
sector effectively.

Table 7 shows the Cross Loading Criterion analysis findings for sus-
tainable leadership practices framework variables’ discriminant val-
idity. In addition, the fact that the corresponding p-values are
consistently lower than 0.005 demonstrates the statistical importance of
these relationships. The cross-loading numbers show how much each
variable loads onto its target construct relative to other constructs (Tran
et al., 2023; Liihr et al.,, 2023). The variable properly measures a
construct with a more excellent cross-loading value. Variables should
have greater cross-loading values on their target construct and lower
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Table 5

HTMT analysis for discriminant validity.
Constructs GBD GCS LCA REI RID SEI WMR
Green Building Design=GBD
Green Certification & Standards=GCS 0.316
Life Cycle Assessment=LCA 0.16 0.266
Renewable Energy Integration=REI 0.283 0.746 0.246
Resilient Infrastructure Development=RID 0.189 0.322 0.197 0.444
Social Equity & Inclusion=SEI 0.313 0.761 0.309 0.176 0.407
Waste Management and Recycling=WMR 0.312 0.724 0.265 0.285 0.403 0.151

Table 6

Fornell-Lacker criterion for discriminant validity.
Constructs GBD GCS LCA REI RID SEI WMR
Green Building Design=GBD 0.866
Green Certification & Standards=GCS 0.291 0.732
Life Cycle Assessment=LCA 0.139 0.234 0.855
Renewable Energy Integration=REI 0.265 0.208 0.207 0.804
Resilient Infrastructure Development=RID 0.089 0.304 0.17 0.393 0.777
Social Equity & Inclusion=SEI 0.297 0.462 0.262 0.422 0.378 0.899
Waste Management and Recycling=WMR 0.29 0.291 0.218 0.576 0.366 0.402 0.853

approaches in the construction sector (Lopez Paredes et al., 2023;
Table 7 E
. . . o gwunatum et al., 2022).

Cross-loading criterion for discriminant validity.
Variables GBD  GCS ~ ICA  REI RID SEI WMR 4.3.3. Structural model and path analysis
GBD1 0.82 0.233  0.165  0.14 0.159 0.183  0.18 Fig. 5 is a graphical representation of the PLS-SEM model, which
GBD3 0.819 0115  0.049  0.13 -0.035 0156  0.149 shows the links between observable variables and latent constructs in
GBD4 0.952  0.34 0131 0.344  0.079 0364 0.354 the framework for sustainable leadership practices. The arrows repre-
GCS1 0.155  0.677 0.119  0.264  0.096 0.241  0.257 loadi hich indi he infl P . dth
Gas2 0221 0717 0165 028  0.119 0292 0277 se‘nt r(?ute oadings, which in icate the in uenceo“connectlons and the
GCS3 0.247  0.766  0.234 0223  0.338 0.222  0.316 direction they take (Banmairuroy et al., 2022; Liihr et al., 2023). In
GCS4 0.201  0.762  0.112 0389  0.212 0.399  0.361 addition, the fact that the corresponding p-values are consistently lower
Lgié g~(1)25 8?;2 8'938 8'12? 8'136 gg?: gégj than 0.005 demonstrates the statistical importance of these relationships
L .067 .185 .7/ . .105 . . . ) . )
LCA3 0.142 0166 0.844 0145 0139 0185 0.166 (Wagqar et al., 2023.e, k). This derpon.sFrates that the m9de1 c.an. accu
REI 0.322  0.204 0214 0.879 0344 0242  0.392 rately express the linkages and significance of those ties within the
REI3 0.217 0525  0.198  0.809  0.302 0.67 0.221 context of sustainable leadership practices in the construction sector
REI4 0.187 0.519 0.139 0.806 0.287 0.265 0.332 (Hashim et al., 2022; Egwunatum et al., 2022).
REI5 0.091 0504 009 0714 0335 0149 0.543 The results of the study’s hypothesis testing are summarized in
RID2 -0.05 0.203 0.05 0.229 0.812 0.215 0.198 Table 8. Th bl hh hesis. its di . 1 relati hi
RID3 0021 0195 0043 0171 0768 0149 0134 Table 8. e table presents each hypothesis, its .1re.:ct1ona re athl‘l? 1'p,
RID4 0.141 0.219 0.227 0.267 0.723 0.268 0.259 initial (O) values, mean (M) values, standard deviation (S.D.), T-statistic,
RIDS 0.132 0289 0157  0.444  0.801  0.431  0.429 p-values, and the resulting conclusions.
SEIl1 0.227 0.576 0.264 0.282 0.34 0.828 0.219
SEI4 0.322  0.204 0214 0179  0.344 0.942  0.192 . . " a1 s
SEIS 0047 0366 0.234 0223 0.338 0922 0219 e HI: 'l."he connection .betweer} Green Building Demgn (G.B.D.) and
WMR1 0.322  0.504 0214 0279 0344  0.242  0.891 sustainable leadership practices (S.L.P.) was examined. The T-sta-
WMR2 0.187  0.519 0139 0306  0.287 0.365  0.839 tistic of 6.291 and the p-value of O indicate the hypothesis is
WMR3 0217 0525  0.198  0.409  0.302 0.367  0.827 accepted, implying a statistically significant and positive relation-

values on other constructs for discriminant validity.

VBD1, GBD3, and GBD4 have significant cross-loading ratings on
"Green Building Design," suggesting they correctly measure it.
GCS1, GCS2, GCS3, and GCS4 also have substantial cross-loading
values on the "Green Certification & Standards" construct, verifying
their alignment.

LCA1l, LCA2, and LCA3 have the most significant cross-loading
values on the "Life Cycle Assessment" construct, confirming its cor-
rect assessment.

Other constructions, including "Renewable Energy Integration" (R.E.
L.), "Resilient Infrastructure Development" (R.1.D.), "Social Equity &
Inclusion" (S.E.L), and "Waste Management and Recycling" (W.M.
R.), show similar tendencies.

Table 7 precise cross-loading values support the variables’ discrim-

inant validity within their target constructs. These values demonstrate
the measuring model’s capacity to distinguish sustainable leadership
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ship between G.B.D. and S.L.P.

e H2: The relationship between "Green Certification & Standards" (G.

C.S.) and S.L.P. was investigated. The T-statistic of 37.407 and the p-
value of 0 indicate that the null hypothesis is accepted, indicating a
significant and positive relationship between G.C.S. and S.L.P.

e H3: The research examined the relationship between "Life Cycle

Assessment" (L.C.A.) and S.L.P. The hypothesis is accepted with a T-
statistic of 4.68 and a p-value of 0, indicating that L.C.A. and S.L.P.
have a meaningful and positive relationship.

e H4: The connection between "Renewable Energy Integration" (R.E.L.)

and S.L.P. has been evaluated. A T-statistic of 40,223 and a p-value of
0 confirm a significant and positive relationship between R.E.L. and
S.L.P.

H5: Analysis of the hypothesis concerning the impact of "Resilient
Infrastructure Development" (R.I.D.) on S.L.P. A T-statistic of 11.113
and a p-value of 0 indicate that the hypothesis is accepted, validating
the existence of a substantial and positive relationship between R.I.
D. and S.L.P.
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Fig. 5. PLS SEM Model indicating path loadings with P-values.

Table 8
Hypothesis testing output of the study.

Hypothesis ~ Relation (0) o) SD T stat P values  Results

H1 GBD -> SLP 0.101 0.101 0.016 6.291 0 Accepted

H2 GCS -> SLP 0.212 0.212 0.006 37.407 0 Accepted

H3 LCA -> SLP 0.087 0.087 0.019 4.685 0 Accepted

H4 REI -> SLP 0.244 0.242 0.006 40.223 0 Accepted

H5 RID -> SLP 0.126 0.127 0.011 11.113 0 Accepted

Hé6 SEI -> SLP 0.244 0.242 0.006 40.13 0 Accepted

H7 WMR -> SLP 0.242 0.24 0.006 40.829 0 Accepted

(0O)= Original sample; (M)= Sample mean; SD= Standard deviation= Green Building Design; GCS= Green Certification & Standards; LCA= Life Cycle Assessment; REI= Renewable
Energy Integration; RID= Resilient Infrastructure Development; SEI= Social Equity & Inclusion, WMR= Waste Management and Recycling; SLP=Sustainable Leadership Practices.
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e H6: The study investigated the connection between "Social Equity &
Inclusion" (S.E.L) and S.L.P. A T-statistic of 40.13 with a p-value of
0 confirms the significance and positive relationship between S.E.L.
and S.L.P

e H7 examined the relationship between "Waste Management &
Recycling" (W.M.R.) and S.L.P. The hypothesis is accepted with a T-
statistic of 40.829 and a p-value of 0, indicating that W.M.R. and S.L.
P. have a meaningful and positive relationship.

Table 8 summarizes the results of hypothesis testing, confirming that
all hypotheses were accepted due to highly significant p-values and
robust T-statistic values. This indicates that substantial evidence sup-
ports the positive relationships between the various dimensions of sus-
tainable practices and overall sustainable leadership practices in the
construction industry (Hashim et al., 2022; Banmairuroy et al., 2022).

e SSO (Sum of Squares for Original): This value represents the total
variance in the observed variables that the latent constructs of the
model can explain. It quantifies how well the model explains the
variability of the dependent variables (Egwunatum et al., 2022;
Elkhapery et al., 2023).

e S.S.E. (Sum of Squares for Error): This value represents the variance

or residual error in the observed variables that the model’s latent

constructs cannot explain.

Q2 (Coefficient of Determination): This metric evaluates the pre-

dictive applicability of the model. It is determined by subtracting one

from the ratio of S.S.E. to SSO. A higher Q2 value indicates the
model’s predictive ability is more substantial (Latiffi and Zulkiffli,

2022; Zhang and Dong, 2023).

The "Sustainable Leadership Practices" construct has an SSO value of

14,980,00 and an S.S.E. value of 13,170.988.

The calculated Q2 value is 0.121, indicating that the model’s con-

structs can predict about 12.1 % of the observed variables’ variance.

The predictive relevance analysis of Table 9 evaluates the model’s
ability to predict the variance of observed variables based on latent
constructs. The Q2 value of 0.121 indicates a moderate level of pre-
dictive relevance, suggesting that the sustainable leadership practices
model can explain and predict variations in the observed variables
within the construction industry context (Hashim et al., 2022; Jiang
et al., 2022).

5. Discussion

This research examined sustainable leadership practices in the
context of the construction industry. With growing concerns about
environmental preservation and societal welfare, sustainable practices
have attracted considerable interest. The purpose of this study was to
contribute to this critical discussion by examining the relationships
between various sustainable practices and overall sustainable leadership
in construction. Utilizing a comprehensive methodology, the research
incorporated a literature review, expert opinions, and rigorous statisti-
cal analyses to shed light on the dynamics of sustainable leadership in
the construction industry.

The first hypothesis investigated the relationship between Green
Building Design and Sustainable Leadership Practices. The analysis
demonstrated a statistically significant (T-statistic = 6.291) and practi-
cally significant positive path coefficient of 0.101. This result demon-
strates that incorporating environmentally conscientious design
principles influences sustainable leadership practices positively. Thus,

Table 9
Predictive relevance of the study.

Constructs SSO SSE Q? (=1-SSE/SS0)

Sustainable Leadership Practices  14,980.000  13,170.988  0.121
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Hypothesis 1 was accepted, indicating the significance of incorporating
green building practices into leadership strategies to improve overall
sustainability (Egwunatum et al., 2022; Jiang et al., 2022).

The second hypothesis investigated the connection between Green
Certification and Standards and Sustainable Leadership Practices. The
findings revealed a significant and positive path coefficient of 0.212 and
aremarkably high T-statistic of 37.407. This indicates that organizations
adhering to established ecological standards demonstrate more sus-
tainable leadership practices. Therefore, Hypothesis 2 was unequivo-
cally supported, highlighting the importance of certifications in
promoting sustainable leadership.

Life Cycle Assessment and Sustainable Leadership Practices were the
focus of the third hypothesis. The analysis produced a path coefficient of
0.087 and a T-statistic of 4.685. These results indicate that contem-
plating a project’s entire life cycle significantly impacts sustainable
leadership practices (Hashim et al., 2022; Lithr et al., 2023). In
conclusion, Hypothesis 3 was supported, emphasizing the importance of
life cycle assessment in fostering sustainable leadership.

The fourth hypothesis examined the impact of Renewable Energy
Integration on Sustainable Leadership Practices. The results revealed a
significant path coefficient of 0.244 and a remarkable T-statistic of
40,223. Thus, incorporating renewable energy sources significantly
improves sustainable leadership practices (Egwunatum et al., 2022;
Elkhapery et al., 2023). Consequently, Hypothesis 4 was unequivocally
supported, emphasizing the central role of renewable energy in fostering
sustainable leadership.

The fifth hypothesis assessed the relationship between Resilient
Infrastructure Development and Sustainable Leadership Practices. The
analysis revealed a noteworthy path coefficient of 0.126 and a signifi-
cant T-statistic of 11.113. These results highlight the contribution of
resilient infrastructure development to sustainable leadership practices
(Jiang et al., 2022; Elkhapery et al., 2023). Therefore, Hypothesis 5 was
strongly supported, emphasizing the importance of constructing robust
and flexible infrastructure for sustainable leadership (Waqar and
Ahmed, 2023; Waqar et al., 20231).

The sixth hypothesis investigated the connection between Social
Equity and Inclusion and Sustainable Leadership Practices. The results
demonstrated a substantial path coefficient of 0.244 and a robust T-
statistic of 40.13. This suggests that practices promoting social equity
and inclusion play a crucial role in forming sustainable leadership
(Lopez Paredes et al., 2023; Latiffi and Zulkiffli, 2022). Therefore, Hy-
pothesis 6 was accepted confidently, highlighting the inherent rela-
tionship between social responsibility and effective leadership for
sustainability.

The seventh hypothesis evaluated the influence of Waste Manage-
ment and Recycling on Sustainable Leadership Practices. The analysis
produced a significant path coefficient of 0.242 and a remarkable T-
statistic of 40.829. These results highlight the significance of effective
waste management and recycling in promoting sustainable leadership
practices (Tran et al., 2023; Liihr et al., 2023). As a result, Hypothesis 7
was adopted unequivocally, emphasizing the importance of waste
reduction and responsible disposal strategies in sustainable leadership
(Egwunatum et al., 2022).

This study contributes considerably to understanding sustainable
leadership practices in the construction industry. The study establishes a
solid foundation for guiding decision-making and strategic planning
within the industry by confirming the positive and significant relation-
ships between various sustainable practices and overall sustainable
leadership. This study provides a valuable road map for cultivating
effective leadership that contributes to environmental preservation,
societal well-being, and long-term organizational success as organiza-
tions increasingly recognize the need for sustainable practices
(Mohamed and Eltohamy, 2022; Wagqar et al., 2023g).

The study endeavours to broaden theoretical views on sustainable
leadership by adopting a multi-dimensional approach to sustainability.
This approach emphasises the need for leaders to concurrently address
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several facets of sustainability, beyond conventional limits.

The study provides valuable insights for key stakeholders in the
construction industry, including industry leaders, policymakers, and
practitioners. It highlights the significance of sustainable leadership in
promoting environmentally sensitive and resilient practices. The results
of this study may function as a guide for the reformation of industries,
promoting the use of sustainable construction methods, efficient utili-
zation of resources, and steps to ensure social fairness. The study find-
ings may be used by policymakers to enhance the formulation of
legislation and standards that facilitate the adoption of sustainable
leadership practices within the construction industry.

Gaining a comprehensive understanding of the interconnections
between green building design, certification standards, life cycle
assessment, renewable energy integration, resilient infrastructure, social
equity, and waste management, in relation to sustainable leadership
practices, can empower managers to make well-informed decisions
regarding the adoption of these practices. Managers has the potential to
strategically incorporate these many facets of sustainability inside their
own organizations. This entails not just prioritizing resource efficiency,
but also advancing social equality and resilience in their initiatives and
operations. In light of the considerable importance of certification
standards, managers may contemplate the acquisition of relevant cer-
tificates and the assurance of adherence to sustainability standards
(Hashim et al., 2022; Jiang et al., 2022). This has the potential to
augment the credibility and market competitiveness of their
organization.

The research identifies sustainable leadership concepts that may be
applied to building industries in different areas. Nevertheless, the
effective execution of a plan may need adjustments to accommodate the
distinct attributes, legal structures, and socio-economic circumstances
specific to each particular situation. The study findings may provide a
solid basis for conducting comparative studies and can be used as a point
of reference for industry executives and policymakers who are seeking to
advance sustainability within their respective construction sectors,
whether it be in diverse nations or areas.

6. Conclusion

The construction industry has reached a critical juncture in which
the need for sustainable practices is unavoidable. This manuscript
explored sustainable leadership practices in this industry, casting light
on the intricate relationships that undergird a resilient and environ-
mentally conscious approach to development. This study has advanced
our understanding of the nuances and significance of sustainable lead-
ership through a comprehensive literature review, expert opinions, and
rigorous statistical analysis. The findings of this research highlight the
importance of various sustainable practices in influencing the leadership
landscape within the construction industry. The established positive
relationships between Sustainable Leadership Practices and Green
Building Design, Green Certification & Standards, Life Cycle Assessment,
Renewable Energy Integration, Resilient Infrastructure Development,
Social Equity & Inclusion, and Waste Management & Recycling attest to
the interconnected nature of these dimensions. As organizations adopt
these practices, their leadership initiatives acquire a new emphasis on
environmental responsibility, social equity, and economic viability. This
study’s empirical evidence is consistent with previous research and ex-
pands our understanding of the construction industry’s unique dy-
namics. The high path coefficients and T-statistic values highlight the
robustness and statistical significance of these relationships. In addition,
the predictive relevance analysis strengthens the model’s credibility by
demonstrating its capacity to predict and direct sustainable leadership
initiatives in construction. As organizations navigate the complexities of
the contemporary world, this study’s findings provide actionable in-
sights. By incorporating sustainable practices into leadership strategies,
organizations can have a positive effect on their bottom lines, the
environment, and society as a whole. These practices, ranging from
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green building principles to inclusive approaches and responsible refuse
management, culminate in a comprehensive framework for sustainable
leadership.

The sample size of the research was moderately sized, which may
restrict the extent to which the results may be applied to a larger pop-
ulation. A more expansive and heterogeneous sample size has the po-
tential to provide a more thorough and nuanced comprehension of
sustainable leadership practices within the construction industry. The
study used a cross-sectional design, which offers a momentary depiction
of the associations at a particular juncture. A longitudinal research has
the potential to provide valuable insights into the evolving dynamics
and transformations of sustainable leadership practices throughout an
extended period of time. The research primarily examined the con-
struction industry in Pakistan; nevertheless, it is important to note that
the results may not be readily applicable to other locations due to the
presence of unique legal, cultural, and economic factors. The application
of the identified sustainable leadership practices may be influenced by
local variables. The research was dependent on data that was self-
reported by participants, a method that has the potential to create
response bias and may not consistently reflect the true practices used by
construction organizations.

This manuscript concludes by capturing the substance of sustainable
leadership practices in the construction industry. The findings highlight
the importance of incorporating sustainable practices into leadership
strategies, fostering a balance between economic development, envi-
ronmental stewardship, and social equity. This research contributes to
the evolving discourse on sustainable leadership by providing practi-
tioners, policymakers, and academics with a firm foundation for
effecting positive change in the construction industry. The way forward
lies in putting these insights into practice, nurturing a future where
construction leadership is a beacon of sustainable development, resil-
ience, and progress.
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