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Abstract

The construction industry, essential for economic progress, faces significant challenges due to its resource-heavy
practices and environmental footprint. As the need for sustainable development becomes increasingly urgent, effective
leadership in this sector is crucial. This research aims to bridge a crucial knowledge gap by exploring the connection
between sustainable leadership practices and the construction industry, with a focus on Pakistan. The study develops a
detailed framework through a combination of literature review, expert evaluations, and rigorous statistical techniques.
Data was gathered through a questionnaire completed by 206 professionals from Pakistan's construction industry. The
research analyzes the impact of green building design, certification standards, life cycle assessment, renewable energy
adoption, resilient infrastructure, social equity and inclusion, and waste management on sustainable leadership
practices. Results demonstrate significant positive correlations between these aspects and sustainable leadership. This
study provides valuable insights for both academic and industry audiences, offering a fresh perspective on how
sustainable leadership can promote resilient and environmentally conscious construction practices. The findings have
implications for policy development, industry transformation, and the creation of a sustainable and resilient built
environment.

Keywords: Green building design; Certification standards; Life cycle assessment; Renewable energy adoption;
Resilient infrastructure; Social equity and inclusion; Waste management

1. Introduction

The construction industry is crucial for the development of global infrastructure, contributing to both economic growth
and social progress. However, traditional construction methods are increasingly scrutinized due to their high resource
consumption and substantial environmental impact (Foldy and Ospina, 2023). For instance, the construction sector
consumes nearly half of the world’s steel, cement, energy, and other raw materials, leading to significant depletion of
these finite resources (Indrayana and Pribadi, 2023; Ghorbani, 2023). Additionally, construction activities account for
approximately 36% of global greenhouse gas emissions and nearly 40% of total global energy use. Furthermore,
between 25% and 40% of global solid waste is attributed to construction and demolition activities (Gordeev, 2023).

The 21st century has seen an unprecedented emphasis on sustainable development, compelling many industries to align
their practices with environmental, social, and economic sustainability (Anon, 2023; Nguyen and Nguyen, 2023). In this
context, leadership in the construction sector becomes increasingly critical. Leaders have the ability to influence
decision-making, drive innovation, and shape organizational culture. However, traditional leadership models often
prioritize short-term profits over long-term sustainability (Das et al, 2023; Othman and Elwazer, 2023). This
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discrepancy has led to a broader recognition of the need for leadership approaches that evolve to address the sector’s
diverse challenges and opportunities (D’Ambrosio and Longobardi, 2023; Waqar et al., 2023).

The transition to more sustainable leadership is closely tied to building a resilient society and should be viewed as a
practical necessity rather than just an idealistic goal. In an era marked by environmental instability, resource scarcity,
and social complexity, it is crucial to develop robust infrastructure (Oyewobi and Jimoh, 2022). The increasing
frequency and severity of climate-related disasters have resulted in over $3 trillion in global losses over the past decade,
underscoring the urgent need for resilient infrastructure. Additionally, by 2050, approximately 70% of the global
population will live in urban areas, increasing the demand for sustainable urban environments (Wagqar et al.,, 2023;
Zaman et al.,, 2023).

Despite the clear need for sustainable leadership in construction, there remains a notable gap in understanding how to
effectively integrate and apply sustainable leadership principles (Hashim et al., 2022; Banmairuroy et al., 2022). While
the urgency for sustainable leadership is recognized, research exploring the dynamic interplay between traditional
leadership models and the demand of sustainable development is limited. Although existing literature provides some
insights, a comprehensive framework that addresses this knowledge gap is still lacking (D’Ambrosio and Longobardi,
2023; Lopez Paredes et al., 2023). This paper aims to explore the complex relationship between sustainable leadership
practices and the construction sector to address the gaps identified in previous research.

The construction industry, essential for global economic progress, faces an urgent challenge to enhance environmental
sustainability and optimize resource use. This challenge, exacerbated by the resource-intensive nature of traditional
construction practices, demands innovative solutions that go beyond mere recognition of the issue. Addressing the gap
between challenges and solutions is crucial, with sustainable leadership emerging as a key factor. This research seeks
to provide a thorough understanding of how sustainable leadership practices intersect with the sustainability issues
faced by the construction industry, focusing specifically on Pakistan. By analyzing the interaction between sustainable
leadership attributes and various aspects of sustainable construction practices, the study aims to develop a
comprehensive conceptual framework that can guide industry transformation.

The need for environmental sustainability and efficient resource use in the construction industry is critical for global
economic success. As traditional practices remain resource-intensive, innovative solutions are required to address
these issues effectively. This study addresses the knowledge gap by investigating the intricate relationship between
sustainable leadership practices and the challenges faced by the construction sector. It is distinctive for its focus on the
intersection of sustainable leadership and construction in Pakistan, an area with limited previous research. The study
stands out for its use of advanced research methods, including in-depth Structural Equation Modeling (S.E.M.),
enhancing its rigor and findings.

The unique contribution of this study lies in its original approach to examining sustainable leadership practices within
Pakistan’s construction industry. While previous research has explored sustainable leadership in construction, this
study distinguishes itself by integrating a literature review, expert analysis, and rigorous statistical methods to provide
a comprehensive perspective. It covers a broader range of sustainability dimensions, including green building design,
certification standards, life cycle assessment, renewable energy integration, resilient infrastructure, social equity and
inclusion, and waste management.

By offering an in-depth analysis of sustainable leadership practices within the specific context of Pakistan, this study is
a pioneering effort in construction industry research. Despite the extensive literature on sustainable building practices,
there is a significant gap regarding the unique opportunities and challenges faced by the Pakistani construction industry.
This study addresses this gap by developing a detailed framework that considers both traditional sustainability
components and the unique dynamics of sustainable leadership within a specific geographical context. The research
provides new insights into the complex issues faced by the construction sector in Pakistan and how sustainable
leadership practices interact with these challenges. It lays the foundation for a deeper understanding of how sustainable
leadership can drive transformative change within a given regional setting using advanced analytical tools and a
comprehensive assessment of sustainability factors.

This article emerges from the need to understand the complexities of the construction sector’s impact on the global
landscape. It aims to close the knowledge gap on sustainable leadership, specifically within the construction industry.
The research seeks to illuminate a path for leadership practices that not only build physical structures but also lay the
groundwork for a resilient and sustainable society, addressing current needs without compromising the future. This
will be achieved by analyzing the industry’s challenges and opportunities. Figure 1 illustrates the study’s hypothesis,
showing that green building design, certification standards, life cycle assessment, renewable energy integration,
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resilient infrastructure development, social equity and inclusion, and waste management have significant relationships
with the implementation of sustainable leadership practices.

2. Literature Review

Sustainable Leadership (S.L.) has emerged as a response to the evolving and complex market conditions shaped by
globalization, technological advancements, and various pressures such as instability and high performance demands.
S.L. focuses on fostering innovative and sustainable solutions by enhancing the awareness, perspectives, and
interactions of leaders and their followers (Oyewobi and Jimoh, 2022; Waqar et al.,, 2023). It aims to motivate and guide
employees towards sustainability actions that benefit both current and future organizational goals, transcending
traditional business practices. S.L. involves applying sustainability principles at every level —from individuals to
organizations and societies—requiring personal commitment and a shift in mindset (Phinias, 2023). Sustainable
development, a pressing global issue, necessitates reducing environmental impact while improving industry efficiency
and competitiveness (Waqar and Othman, 2023; Dubljevi¢ et al., 2023). Despite this, there is a consensus among leaders
and practitioners that sustainability efforts need to be more thoroughly integrated. This integration calls for advanced
planning and management approaches that include educating, developing, innovating, connecting resources, and
transforming practices (Mohamed and Eltohamy, 2022; Khan et al.,, 2023). Effective leadership is crucial for project
success and relies heavily on collaboration with subordinates. Adopting a new leadership approach like S.L. is essential
to overcoming challenges and ensuring the sustainability of construction organizations and communities (Khahro et al.,
2023; Gbedemah, 2023).

In Pakistan, the construction industry plays a vital role in economic growth and social development but faces numerous
challenges including low productivity, poor quality, cost overruns, delays, a shortage of skilled workers, environmental
damage, and corruption (Khan et al,, 2023; Wagqar et al., 2023). These issues obstruct the adoption of green building
practices, which, although voluntary, are crucial for setting sustainable standards and raising awareness. The Building
Code of Pakistan Energy Provision 2011 is the sole regulatory framework supporting energy conservation in buildings,
but it remains inadequately implemented and enforced. There is a clear need for S.L. to address these problems and
secure the long-term viability of the construction industry and society in Pakistan (Khahro etal., 2023; Deng et al., 2023).
However, there is a lack of empirical research on S.L. within the Pakistani construction industry, which limits
understanding of its benefits, challenges, drivers, and practices (Madson et al., 2022; Bouhmoud et al., 2023).
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Figure 1 Documents by country 20133-2023 (Source SCOPUS database)

The literature review utilized the Scopus database to gather scholarly papers, research articles, and conference
proceedings on sustainable leadership in the construction industry, particularly focusing on Pakistan. Inclusion criteria
were established to select materials directly related to sustainable leadership practices within the sector, while
exclusion criteria filtered out irrelevant documents. Figure 1 visually represents the global distribution of research
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articles on sustainable leadership in construction, with the United States having the highest number of publications and
Pakistan at the lower end. This illustration provides an overview of the global research landscape on the topic,
highlighting the need for more focused research in Pakistan. Sustainable leadership differs from traditional leadership
by emphasizing long-term prosperity rather than short-term gains, with leaders tasked with enhancing production
while ensuring sustainability (Waqar et al.,, 2023; Quyen et al,, 2023). Organizations often struggle to maintain a
sustainable workforce across diverse cultural contexts (Karayel et al, 2023; Samuelsson et al., 2023). Effective
succession planning is crucial for establishing a sustainable management structure (Waqar et al., 2023). Leaders must
also develop their skills and self-awareness. Sustainable leadership comprises three key aspects: sustainable
management, sustainable projects, and sustainability activities (Das et al., 2023). Figure 1 further illustrates the
distribution of publications related to these themes, showing a greater focus in developed countries.

This literature review explores sustainable leadership practices in construction and their role in fostering a resilient
society. It emphasizes long-term vision, balancing economic, social, and environmental aspects, and engaging diverse
stakeholders (Ma et al., 2023; Ramis et al., 2023). Such practices are crucial for addressing challenges in the end-of-life
phase of complex structures, which involves decisions on disposal or reuse (Ma et al,, 2023; Cheung et al., 2023).
Document searches and evaluations using V.0.S. Viewer, a bibliometric network visualization tool, supported this
examination. Figure 2 displays the keywords related to sustainable leadership practices in construction and end-of-life
decisions. The review highlights the current knowledge and identifies gaps and challenges for future research.

The construction industry's reliance on resources and its environmental impact are major concerns that transcend
geographical boundaries (Latiffi and Zulkiffli, 2022; Larsen and Brandenburg, 2023). The industry significantly
contributes to global resource use and waste generation (Oyewobi and Jimoh, 2022; Hashim et al,, 2022). Its heavy
dependence on energy and materials from finite sources not only depletes natural resources but also contributes to
greenhouse gas emissions and climate change (Banmairuroy et al., 2022; Egwunatum et al., 2022). Historical challenges
in waste management have led to environmental problems such as pollution and resource depletion (Magbool et al.,
2023; Gorecki et al., 2022). Given the global emphasis on environmental and social responsibility, the construction
sector faces increasing pressure to adopt sustainable practices (Das et al., 2023; Bouhmoud et al., 2023). This review
underscores the importance of sustainable leadership as a potential solution to these pressing issues, guiding the sector
towards a more resilient and environmentally conscious future.
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Figure 2 Visual representation of the keywords
The literature review reveals that sustainable leadership practices in construction can significantly contribute to

building a resilient society amidst environmental, social, and economic challenges. It also highlights the need for
empirical research on sustainable leadership in the Pakistani construction sector, which faces issues such as low
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productivity, poor quality, corruption, and environmental degradation. The review identifies benefits, barriers, drivers,
and practices of sustainable leadership and the tools and methods to measure and improve sustainability outcomes
(Magbool et al., 2023; Wagqar et al,, 2023). By uncovering the complexities of sustainable leadership practices and their
interdependencies, the review provides a foundation for understanding how these practices can drive transformation
in the construction industry, particularly in the context of Pakistan.

3. Methodology

This study was organized into four key phases to thoroughly investigate sustainable leadership practices within the
construction industry. These phases are illustrated in Figure 3:

e Conceptual Study: This initial phase involved developing a research framework based on insights gathered
from the literature. This framework laid the groundwork for understanding the various dimensions of
sustainable leadership in the construction industry.

e Questionnaire Design: In the second phase, a detailed questionnaire was designed to gather quantitative data.
This instrument aimed to capture various aspects of sustainable leadership practices as perceived by industry
professionals and stakeholders.

e Structural Equation Modeling (S.E.M.) Analysis: The third phase involved testing hypotheses using S.E.M,, a
sophisticated statistical technique that enables the analysis of complex interactions among variables. This
analysis was used to explore relationships between factors such as green building design, certification
standards, life cycle assessment, renewable energy integration, resilient infrastructure, social equity and
inclusion, and waste management in the context of sustainable leadership practices.

e Conclusion Phase: The final phase focused on discussing the results of the study, evaluating the success of the
designed concept, and providing insights based on the findings from both quantitative and qualitative data.

Expert Analysis: To complement the quantitative data, expert analysis was conducted to provide a qualitative
perspective. This analysis helped validate the findings from the questionnaire and offered deeper insights into
sustainable leadership practices.

Literature Review Methodology: The literature review followed the PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) guidelines, comprising the following steps:

o Identification: Searches were conducted in databases such as Scopus, PubMed, Web of Science, and Google
Scholar using keywords like "sustainable leadership," "construction industry," "green building," and "Pakistan.”
The initial search yielded 1,250 items.

e Screening: Titles and abstracts were reviewed to filter out irrelevant studies, reducing the number to 600
articles. Publications not focused on sustainable leadership or the construction industry were excluded.

o Eligibility: Full-text reviews were conducted on the remaining articles to assess relevance and quality. Studies
directly addressing sustainable building and leadership were included, while those lacking empirical evidence
or focusing outside of Pakistan were excluded, resulting in 300 articles.

e Inclusion and Data Extraction: A total of 150 articles met the inclusion criteria and were used for detailed data
extraction. Key elements such as results, methodologies, geographic focus, and theoretical frameworks were
summarized.

e Synthesis: The final step involved synthesizing the data from these 150 publications to gain a comprehensive
understanding of sustainable leadership in construction, particularly in Pakistan, and to identify gaps and
opportunities for future research.

Structural Equation Modeling (S.E.M.): S.E.M. was employed to model and analyze complex interactions among various
factors affecting sustainable leadership. This method facilitates the exploration of causal relationships and interactions
among different elements of sustainable leadership, providing a detailed view of how these factors interrelate and
influence each other.

Integration of Methodologies: The integration of both quantitative (via questionnaires and S.E.M.) and qualitative (via
expert analysis) data provided a holistic perspective on sustainable leadership practices in the Pakistani construction
industry. This approach enabled the research to bridge theoretical frameworks with empirical evidence, offering
valuable insights into how sustainable leadership can drive the adoption of environmentally aware practices and
enhance the industry’s resilience to challenges and changes (Mohamed and Eltohamy, 2022; Magbool et al., 2023).
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Overall, the study aims to contribute significantly to the field by elucidating how sustainable leadership can facilitate
the adoption of environmentally conscious practices and improve the construction industry’s ability to adapt to evolving
demands.

3.1. Identification of Factors through Literature

This section outlines the methodology employed to systematically identify and extract essential elements related to
sustainable leadership practices in the construction sector. The process was designed to build a comprehensive
foundation for future analyses and discussions.

Conceptual Questionnaire
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Figure 3 Literature Factor

3.1.1. Methodology Overview:

e Systematic Literature Review: A systematic review approach was chosen due to its rigorous and structured
method for collecting and examining relevant scholarly articles. This method involves predetermined search
criteria, a carefully designed search strategy, and a stringent selection process.

e  Search Strategy:

o Databases Used: Scopus, Web of Science, and Google Scholar.

o 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™.

o Time Frame: The search focused on literature from the last decade.

Selection Criteria:

o Inclusion: Peer-reviewed research publications, conference proceedings, and reports specifically addressing
sustainable leadership practices in the construction industry, with an emphasis on the Pakistani context.

o Exclusion: Non-peer-reviewed articles and studies not directly relevant to sustainable leadership or
thosefocused outside Pakistan.

Thematic Analysis:

o Data Extraction: Relevant information was methodically extracted from selected studies, focusing on key
aspects related to environmentally responsible leadership practices.

o Classification and Integration: Extracted data was organized into consistent themes through thematic
analysis, identifying overarching patterns and trends.

Expert Review:

o Expert Involvement: Input from specialists in sustainable leadership, construction management, and
sustainable development was sought to validate and enhance the identified factors and themes.

o Iterative Process: Recommendations from experts were integrated into the framework to improve its
robustness and relevance.

3.1.2. Framework Development:

- Outcome: The methodical identification of relevant research led to the development of a framework that outlines key
factors influencing sustainable leadership in construction. This framework serves as the foundation for future empirical
research and model validation.
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3.1.3. Key Elements Identified:

Social Inclusion

Ethical Decision-Making
Environmental Responsibility
Economic Viability

3.1.4. Significance

e Comprehensive Understanding: The identified factors provide a comprehensive view of sustainable leadership
practices and contribute to the broader understanding of sustainable development in the construction sector.

e Future Research: The framework sets the stage for further empirical investigation and model validation, aiming
to address gaps and advance knowledge in sustainable leadership within the construction industry, particularly
in Pakistan (Gorecki et al., 2022; Turnbull et al., 2023).

This systematic approach ensures that the research is grounded in a solid foundation of existing knowledge, paving the
way for more nuanced analyses and discussions on sustainable leadership practices in the construction sector.

3.2. Evaluation of Factors through Expert Analysis

The expert analysis was conducted to enhance the credibility and completeness of the synthesis framework for
sustainable leadership practices in the construction sector. This evaluation involved sixteen highly experienced
industry professionals, each with over 15 years in the building and construction industry, many of whom have held
leadership and management roles.

3.2.1. Evaluation Process:

e Selection of Experts:

o Criteria: Experts were selected based on their extensive experience and leadership roles within the industry.
Their in-depth knowledge was crucial for providing valuable insights into effective and environmentally
responsible leadership practices (Waqar et al., 2023h, 2023i).

Presentation of Framework:

o Compilation: The factors identified from the literature were compiled into an organized framework. This
included explanations of the elements, thematic groupings, and their implications for fostering sustainable
leadership in construction (Mergos, 2023; Tran et al., 2023).

o Explanation: The presentation aimed to clarify how these elements contribute to sustainable leadership
practices.

Expert Participation:

o Method: Experts provided their insights through interviews or questionnaires. Their feedback covered
validation, refinement, and potential enhancements of the framework, reflecting their practical experience
(Banmairuroy et al., 2022; Liihr et al,, 2023).

Synthesis of Insights:

o Analysis: The insights from the expert panel were carefully synthesized to identify common themes,
convergences, and divergences. This analysis helped in crystallizing visible patterns and refining the
framework (Hashim et al,, 2022; Egwunatum et al., 2022).

Iterative Review:

o Process: The evaluation followed an iterative approach, with multiple rounds of expert feedback and
revisions. This allowed for a thorough and multifaceted review, integrating diverse perspectives (Jiang et al,,
2022; Elkhapery et al,, 2023).

Triangulation:

o Comparison: Findings from the expert analysis were compared with those from the preliminary literature
review. This triangulation method validated the resonance between academic viewpoints and practical
industrial knowledge (Lopez " Paredes et al.,, 2023; Elkhapery et al., 2023).

e Framework Enhancement:

o Outcome: The expert analysis led to an improved framework, incorporating valuable contributions and
insights. This enhanced framework serves as a robust resource for further analyses, discussions, and
empirical studies (Lopez “ Paredes et al,, 2023; Zhang and Dong, 2023).
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3.2.2. Significance

o Validation: The expert analysis provided validation and refinement of the framework, ensuring that it
accurately reflects practical and theoretical perspectives on sustainable leadership.

o Enhanced Framework: The refined framework is poised to facilitate deeper understanding and future
research in sustainable leadership within the construction industry.

This meticulous evaluation process ensured that the framework is well-founded and comprehensive, integrating both
theoretical and practical insights to support sustainable leadership practices in the construction sector.

3.3. Questionnaire Plan

The questionnaire was developed to assess sustainable leadership practices within the construction sector, drawing on
factors identified through literature review and expert analysis. This quantitative research approach aimed to provide
empirical insights that could inform future research and policy decisions.

3.3.1. Overview of the Questionnaire Methodology:

e Objective

The questionnaire was designed to gather quantitative data on sustainable leadership practices in the construction
industry in Rawalpindi, Pakistan. The data collected aimed to address the following hypotheses (as shown in Fig. 4):

H1: Green building design positively affects sustainable leadership practice.

H2: Green certification and standards positively affect sustainable leadership practice.

H3: Lifecycle assessment positively affects sustainable leadership practice.

H4: Renewable energy integration positively affects sustainable leadership practice.

H5: Resilient infrastructure development positively affects sustainable leadership practice.

H6: Social equity and inclusion positively affect sustainable leadership practice.

H7: Waste management and recycling positively affect sustainable leadership practice (Banmairuroy et al.,

2022; Egwunatum et al.,, 2022).

e Design and Distribution:

o Questionnaire Design: The questionnaire used a five-point Likert scale to measure respondents’ attitudes
toward various sustainable leadership practices, such as environmental stewardship, ethical decision-
making, social inclusion, and economic viability (Lopez “ Paredes et al.,, 2023; Elkhapery et al., 2023).

o Distribution: The questionnaire was distributed via email and personally to local experts in Rawalpindi to
ensure convenience and maximize response rates. A total of 296 individuals were contacted, resulting in a
69% response rate with 206 valid replies (Hashim et al., 2022; Banmairuroy et al., 2022; Lopez " Paredes et
al,, 2023).

Sample Selection:

o Participants: The study targeted professionals within the construction industry, including architects,
engineers, project managers, and sustainability experts. This purposive sampling aimed to include individuals
with relevant experience and knowledge (Egwunatum et al., 2022; Gorecki " et al., 2022).

o Geographical Focus: Participants were selected from across Pakistan to ensure a diverse range of responses,
with a focus on Rawalpindi as a key metropolitan hub in the construction sector (Tran et al., 2023; Hu and
Shu, 2023).

Ethical Considerations:

o Ethics: The study adhered to strict ethical guidelines, including obtaining informed consent from participants
to uphold research integrity and credibility. The questionnaire's design and data collection processes were
conducted with a strong emphasis on ethical standards (Banmairuroy et al., 2022; Egwunatum et al., 2022).

Data Analysis:

o Quantitative Analysis: The collected data were analyzed statistically to provide empirical insights into

sustainable leadership practices. This analysis aimed to validate the hypotheses and provide meaningful

comparisons (Wagqar et al., 2023h; Hu and Shu, 2023).

O 0O O O O O O

3.3.2. Significance

o Data Quality: The use of a structured Likert-scale questionnaire and a well-defined sample helped ensure that
the data collected were reliable and representative of the construction industry's perspectives on sustainable
leadership.
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o Impact: The insights gained from this questionnaire are expected to contribute significantly to understanding
sustainable leadership practices in the local context and inform future research and policy development.

Overall, the methodological approach combined rigorous questionnaire design and quantitative analysis to assess
sustainable leadership practices effectively within the construction sector in Pakistan.

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

Structural Equation Modeling (SEM) is employed to analyze the relationships between latent variables and observed
indicators in this study. The methodology involves both Exploratory Factor Analysis (EFA) and Partial Least Squares
Structural Equation Modeling (PLS-SEM) to ensure a comprehensive examination of the data.

e Exploratory Factor Analysis (E.F.A.):
o Objective: EFA is used to identify underlying latent variables that represent sustainable leadership practices.
e Method: Principal Component Axis was chosen as the extraction method, focusing on factors with Eigenvalues
greater than 1.0. The Varimax rotation method was applied to enhance interpretability. Only items with
loadings greater than 0.6 were retained for each factor (Dubljevi’c et al., 2023; Khahro et al,, 2023).
e Partial Least Squares Structural Equation Modeling (PLS-SEM):
o Measurement Modeling:
Software: SmartPLS 4 was utilized for conducting PLS-SEM analysis.

o Convergent Validity: Assessed through item loadings (must be higher than 0.7) and Average Variance
Extracted (AVE) values (must be higher than 0.5). This ensures that each construct is well-represented by its
indicators (Phinias, 2023; Waqar and Othman, 2023).

o Discriminant Validity: Evaluated by comparing the square root of the AVE for each construct with its
correlations with other constructs. Discriminant validity is confirmed if the square root of the AVE is greater
than its correlations with other constructs, with a recommended cutoff of 0.85 (Mohamed and Eltohamy,
2022; Madson et al., 2022).

o Cross-Loadings: Cross-loadings are assessed to ensure that indicators load more heavily on their intended
constructs than on other constructs. This helps verify discriminant validity (Quyen et al., 2023; Samuelsson
etal., 2023).

e Structural Model Analysis

o Bootstrapping Method: To analyze the structural model, 5000 bootstrap samples were used. This method
allows for the computation of path coefficients, standard errors, t-statistics, and p-values (Ma et al., 2023;
Ramis et al,, 2023).

o Hypothesis Testing: Hypotheses are considered supported if the path coefficients are significant (p < 0.05)
and the t-values exceed 1.96 at a 95% confidence level.

e Predictive Relevance (Q2) Test:

o Objective: Assessed using SmartPLS 4 to determine the model's predictive relevance. A positive Q2 value
indicates that the model has predictive relevance and can forecast changes in the endogenous latent
constructs and their indicators.

(@)

This comprehensive SEM approach combines EFA and PLS-SEM to robustly test and validate the proposed hypotheses
about sustainable leadership practices in the construction sector.

4. Results and Analysis

4.1. Identified Factors Through Literature and Expert Analysis

Table 1 provides a comprehensive summary of the identified criteria for sustainable leadership practices within the
construction sector, as derived from the literature and validated by domain experts. These factors are categorized into
thematic groupings that illuminate various aspects of sustainable leadership:

e Green Building Design:

o Overview: This category emphasizes the importance of integrating environmentally responsible policies and
procedures into building design. Key actions include reducing resource consumption, selecting eco-friendly
materials, and implementing energy-efficient technologies.

o Significance: By adopting these practices, organizations minimize their environmental impact and align with
industry advancements, positioning themselves as leaders in sustainability (Quyen et al., 2023; Samuelsson
etal., 2023).
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e Waste Management and Recycling:

o Overview: This group focuses on the necessity of implementing effective waste management and recycling
strategies. Such methods reduce waste generated by construction projects, alleviate landfill burdens, and
mitigate environmental harm from waste disposal.

o Significance: These practices not only adhere to sustainable leadership principles but also prioritize the
management of durability, safety, and community well-being (Waqar et al., 2023f).

Renewable Energy Integration:

o Overview: Incorporating renewable energy sources like solar, wind, and geothermal power is crucial for
advancing sustainable energy practices.

o Significance: This approach reduces carbon footprints and supports the broader transition towards
renewable energy (Yun, 2023; Waqar et al., 2023f).

Life Cycle Assessment:

o Overview: Conducting life cycle assessments is essential for evaluating sustainability comprehensively. It
involves assessing the environmental impact of projects throughout their lifecycle.

o Significance: This method enables organizations to make informed decisions that minimize their overall
environmental footprint and promote ethical business practices (Li et al., 2023).

Green Certification & Standards:

o Overview: Acquiring environmental certifications and adhering to established standards validate an
organization’s commitment to sustainability.

o Significance: This not only legitimizes sustainable practices but also encourages industry-wide adoption of
responsible norms, enhancing overall environmental performance (Samuelsson et al,, 2023; Wagqar et al,,
023e).

Social Equity & Inclusion:

o Overview: This category underscores the importance of promoting social equity and inclusive growth. It
involves addressing issues like social fairness, affordable housing, job opportunities for underserved
populations, and community engagement.

o Significance: Prioritizing these factors demonstrates a commitment to societal well-being and aligns with
sustainable leadership values (Waqar et al., 2023f; Yun, 2023).

4.1.1. Conclusion

The results presented in Table 1 reflect a broad spectrum of sustainable leadership criteria in the construction sector.
Both academic research and expert opinions validate these factors, highlighting the industry's progress toward creating
aresilient, inclusive, and environmentally responsible built environment. Each category of variables contributes to this
overarching goal, emphasizing the importance of informed decision-making and strategic implementation of
sustainable leadership practices to address contemporary challenges and benefit society and the environment (Li et al.,
2023; Ramis et al., 2023).

4.2. Demographic Details of Questionnaire Respondents

Table 2 provides detailed demographic information about the participants of the questionnaire. This data includes
insights into gender distribution, professional experience, and occupational positions, reflecting the diversity and depth
of the sample:

Gender Distribution: The sample was predominantly male, comprising 86% of the respondents. This distribution
highlights the gender imbalance within the construction industry, which may influence perspectives on sustainable
leadership practices.

e Professional Experience: Participants had varied levels of experience:
o 36% had 11 to 15 years of experience.
o 26% had 6 to 10 years of experience.
o This range indicates a mix of both seasoned professionals and those with substantial, but slightly less
experience, contributing to a broad understanding of sustainable leadership practices.
e  Occupational Positions:
42% were civil engineers.
33% were project managers.
20% were safety managers.
The diversity in occupational roles provides a well-rounded perspective on sustainable leadership practices,
incorporating insights from various critical areas within the construction sector.

O O O O
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The varied backgrounds of the respondents enrich the study by offering a wide range of viewpoints and a deeper
understanding of sustainable leadership methods in the construction industry. This diversity helps ensure that the
findings are comprehensive and reflective of different facets of the industry.

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

4.3.1. EFA Analysis

Table 3 presents a comprehensive summary of the results from the Exploratory Factor Analysis (E.F.A.), detailing the
extracted components, variable loadings, and Cronbach’s alpha values for each factor related to sustainable leadership
practices. The E.F.A. aimed to uncover latent constructs represented by observed variables and used Cronbach’s alpha
to assess the internal consistency of these components.

e - Findings and Variable Loadings:

o The "Green Building Design" (G.B.D.) factor showed variable loadings between 0.708 and 0.857, indicating
strong correlations with the underlying construct.

o The "Waste Management & Recycling" (W.M.R.) factor displayed loadings from 0.682 to 0.841, suggesting
consistent associations with the latent construct.

o The "Resilient Infrastructure Development” (R.I.D.) factor had loadings ranging from 0.604 to 0.811, reflecting
its varied connections with different variables.

o Similar patterns were observed for other factors 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).

e Extraction and Rotation Methods:

o Principal Component Analysis was utilized for extraction.

o Varimax rotation with Kaiser normalization was applied to enhance the interpretability of the factors.
e  Omission of Variables:

o Variables with loadings below 0.6, such as GBD5, WMR5, REI2, LCA5, GCS5, SEI2, and SEI3, were excluded
from the analysis. These variables had weaker connections with their corresponding latent constructs
compared to others.

e Internal Consistency:

The analysis emphasized the Cronbach’s alpha values, which are crucial for assessing the reliability of each factor. The
results help establish the credibility and dependability of the framework for sustainable leadership practices in the
construction sector.

In summary, Table 3 highlights the E.F.A. results, focusing on the strength of variable loadings and the internal
consistency of identified factors. This analysis clarifies the relationships between observable variables and latent
constructs, enhancing the framework's reliability for sustainable leadership practices within the construction industry
(Hashim et al., 2022; Tran et al,, 2023).

4.3.2. PLS Measurement Modeling

Evaluation of Convergent Validity

Table 4 provides a thorough assessment of convergent validity for each group within the sustainable leadership
practices framework. This assessment uses Cronbach’s Alpha (C.A.), Composite Reliability (C.R.), and Average Variance
Extracted (AVE) to gauge the reliability and consistency of the measurement model.

e Convergent Validity Metrics:

o Cronbach’s Alpha (C.A.): Measures the internal consistency of each construct. Higher C.A. values indicate
stronger internal consistency.

o Composite Reliability (C.R.): Assesses how well the group components measure the underlying concept.

o Average Variance Extracted (AVE): Evaluates the amount of variance captured by the construct relative to
measurement error.

¢ Findings:

o Green Building Design (G.B.D.): Items GBD1, GBD3, and GBD4 have significant loadings (0.820, 0.819, and
0.952, respectively). GBD2 was excluded due to low loading. A Variance Inflation Factor (V.LF.) over 2.0
indicates potential multicollinearity.

o Other Constructs: Similar evaluations are done for constructs like Waste Management & Recycling, Renewable
Energy Integration, etc., to ensure robust convergent validity.
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e Reliability and Validity:
o High C.A. and C.R. values for most components confirm convergent validity. [tems with low factor loadings
were removed to refine the measurement model. V.LLF. values should ideally be below 5 to mitigate
multicollinearity.

Discriminant Validity

Table 5 displays the results from the Heterotrait-Monotrait Ratio of Correlations (HTMT) analysis, used to test
discriminant validity.

e HTMT Values
o Green Building Design vs. Green Certification & Standards: HTMT value of 0.316 indicates good discriminant
validity, as it is below the 0.85 threshold.
o Other Constructs: HTMT values for other pairs are assessed to confirm whether constructs are distinct from
each other.

Fornell-Larcker Criteria

Table 6 summarizes the Fornell-Larcker criteria results for assessing discriminant validity.

e Evaluation Method:
o Compares the correlation between constructs to the square root of each construct’s AVE. Discriminant
validity is confirmed if the AVE is greater than the correlation values.
e Findings:
o Green Building Design (G.B.D.): Correlation value of 0.866 with itself, which is higher than its AVE (0.75),
suggesting a lack of discriminant validity.
o Green Certification & Standards vs. Green Building Design: Correlation value of 0.291 is below the AVE values
of both constructs, indicating discriminant validity.

Cross Loading Criterion

Table 7 presents the results from the Cross Loading Criterion analysis, focusing on discriminant validity by examining
how variables load on their target construct versus others.

e Findings

o Variables should have higher cross-loadings on their target construct compared to others. P-values
consistently below 0.005 confirm the statistical significance of these relationships.

o Overall, Tables 4 through 7 provide a comprehensive analysis of convergent and discriminant validity,
confirming the reliability and distinctness of the constructs in the sustainable leadership practices
framework. These analyses ensure that the measurement model effectively captures the different approaches
to sustainable leadership in the construction sector.

5. Discussion

This research delves into sustainable leadership practices within the construction industry, an area of increasing
importance due to growing concerns about environmental preservation and societal well-being. By combining literature
review, expert opinions, and rigorous statistical analyses, this study aims to elucidate the relationships between various
sustainable practices and overall sustainable leadership in construction.

5.1. Hypothesis Testing

5.1.1. Hypothesis 1: Green Building Design and Sustainable Leadership Practices

¢ Findings: A statistically significant path coefficient of 0.101 with a T-statistic of 6.291 indicates a positive impact
of green building design on sustainable leadership practices. This supports the idea that integrating
environmentally conscious design principles enhances sustainable leadership.

e Conclusion: Hypothesis 1 is accepted, affirming the importance of incorporating green building practices into
leadership strategies to bolster sustainability (Egwunatum et al., 2022; Jiang et al., 2022).
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5.1.2. Hypothesis 2: Green Certification and Standards and Sustainable Leadership Practices

e Findings: A high path coefficient of 0.212 and a T-statistic of 37.407 demonstrate that adherence to green
certifications and standards significantly promotes sustainable leadership practices.

e Conclusion: Hypothesis 2 is strongly supported, highlighting the role of certifications in advancing sustainable
leadership.

5.1.3. Hypothesis 3: Life Cycle Assessment and Sustainable Leadership Practices

e Findings: A path coefficient of 0.087 and a T-statistic of 4.685 show that considering the entire life cycle of
projects significantly impacts sustainable leadership practices.

e Conclusion: Hypothesis 3 is supported, emphasizing the importance of life cycle assessments in fostering
sustainable leadership (Hashim et al., 2022; Liihr et al., 2023).

5.1.4. Hypothesis 4: Renewable Energy Integration and Sustainable Leadership Practices

e Findings: A significant path coefficient of 0.244 and a T-statistic of 40.223 indicate that integrating renewable
energy sources has a substantial positive effect on sustainable leadership practices.

e Conclusion: Hypothesis 4 is unequivocally supported, underscoring the critical role of renewable energy in
promoting sustainable leadership (Egwunatum et al., 2022; Elkhapery et al.,, 2023).

5.1.5. Hypothesis 5: Resilient Infrastructure Development and Sustainable Leadership Practices

e Findings: A path coefficient of 0.126 and a T-statistic of 11.113 highlight the positive influence of resilient
infrastructure development on sustainable leadership practices.

e Conclusion: Hypothesis 5 is strongly supported, pointing to the importance of robust and flexible infrastructure
for effective sustainable leadership (Waqar and Ahmed, 2023; Wagqar et al., 20231).

5.1.6. Hypothesis 6: Social Equity and Inclusion and Sustainable Leadership Practices

e Findings: A substantial path coefficient of 0.244 and a robust T-statistic of 40.13 demonstrate that social equity
and inclusion are crucial for sustainable leadership.

e Conclusion: Hypothesis 6 is accepted, emphasizing the connection between social responsibility and effective
leadership for sustainability (Lopez Paredes et al., 2023; Latiffi and Zulkiffli, 2022).

5.1.7. Hypothesis 7: Waste Management and Recycling and Sustainable Leadership Practices

e Findings: A significant path coefficient of 0.242 and a T-statistic of 40.829 indicate that effective waste
management and recycling practices are vital for sustainable leadership.

e Conclusion: Hypothesis 7 is adopted, highlighting the importance of waste reduction and responsible disposal
strategies in sustainable leadership (Tran et al,, 2023; Liihr et al., 2023).

5.2. Contributions and Theoretical Implications

This study makes a significant contribution to understanding sustainable leadership in the construction industry by
confirming positive relationships between various sustainable practices and overall leadership effectiveness. The
findings provide a robust framework for guiding decision-making and strategic planning, helping organizations align
their leadership practices with sustainability goals.

The research also expands theoretical perspectives on sustainable leadership by adopting a multi-dimensional
approach to sustainability. This approach emphasizes the need for leaders to address multiple facets of sustainability
concurrently, including environmental, social, and operational aspects, to effectively contribute to environmental
preservation, societal well-being, and long-term organizational success (Mohamed and Eltohamy, 2022; Wagqar et al,,
2023g).

6. Conclusion

The construction industry is at a pivotal moment where the adoption of sustainable practices is no longer optional but
essential. This manuscript delves into sustainable leadership practices within this sector, shedding light on the complex
relationships that contribute to a resilient and environmentally conscious development approach. By integrating
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comprehensive literature reviews, expert insights, and rigorous statistical analyses, this study advances our
understanding of the critical aspects of sustainable leadership in construction.

Key Findings

The study underscores the significant impact of various sustainable practices on leadership within the construction
industry. The positive relationships identified between Sustainable Leadership Practices and key dimensions—such as
Green Building Design, Green Certification & Standards, Life Cycle Assessment, Renewable Energy Integration, Resilient
Infrastructure Development, Social Equity & Inclusion, and Waste Management & Recycling—demonstrate the
interconnectedness of these elements. These findings suggest that as organizations embrace these practices, their
leadership strategies gain a heightened focus on environmental responsibility, social equity, and economic viability.

The robustness of these relationships is highlighted by high path coefficients and T-statistic values, which affirm the
statistical significance of the findings. Additionally, the predictive relevance analysis enhances the model’s credibility,
illustrating its effectiveness in guiding and directing sustainable leadership initiatives in construction.

Practical Implications

Organizations can leverage these insights to enhance their leadership practices, achieving positive outcomes for their
bottom lines, the environment, and society at large. The integration of green building principles, inclusive practices, and
responsible waste management into leadership strategies forms a comprehensive framework for fostering sustainable
leadership.

Limitations and Future Research

The study acknowledges several limitations:

e Sample Size: The moderate sample size may limit the generalizability of the results. A larger and more diverse
sample could offer a deeper understanding of sustainable leadership practices in construction.

e C(Cross-Sectional Design: The cross-sectional nature of the study provides a snapshot of associations at a single
point in time. Longitudinal research could offer insights into the evolving dynamics of sustainable leadership
over extended periods.

e Geographical Focus: The research primarily examines the construction industry in Pakistan. Results may not
be directly applicable to other regions due to varying legal, cultural, and economic contexts.

o Self-Reported Data: Dependence on self-reported data may introduce response bias and may not fully reflect
the actual practices of construction organizations.

In conclusion, this manuscript captures the essence of sustainable leadership practices within the construction industry.
It emphasizes the need to integrate sustainable practices into leadership strategies, promoting a balance between
economic development, environmental stewardship, and social equity. By providing a robust foundation for
understanding and implementing these practices, this research contributes to the ongoing discourse on sustainable
leadership. The way forward involves translating these insights into actionable practices, fostering a future where
construction leadership stands as a model of sustainable development, resilience, and progress.
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