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Abstract 
This study investigates the impact of Building Information Modeling (BIM) 
adoption and AI-driven risk management on construction project performance in 
Pakistan’s construction industry. The construction sector in developing economies 
continues to face persistent challenges, including cost overruns, schedule delays, 
safety risks, and inefficient risk management practices. In response to these 
challenges, digital technologies such as BIM and Artificial Intelligence (AI) have 
emerged as transformative tools capable of enhancing project coordination, 
predictive risk analysis, and decision-making efficiency. A quantitative, cross-
sectional research design was employed, and data were collected from 400 
construction professionals, including project managers, engineers, consultants, 
and contractors. The data were analyzed using Partial Least Squares Structural 
Equation Modeling (PLS-SEM) to examine relationships among BIM adoption, 
AI-driven risk management, risk mitigation effectiveness, and construction project 
performance. The results revealed that BIM adoption significantly improves AI-
driven risk management integration and directly enhances construction project 
performance. AI-driven risk management was also found to have a significant 
positive effect on risk mitigation effectiveness and project performance. Moreover, 
mediation analysis confirmed that AI-driven risk management plays a crucial role 
in transmitting the effect of BIM adoption on construction project outcomes, 
indicating a strong indirect pathway. The study concludes that the integration of 
BIM and AI technologies is essential for improving efficiency, reducing 
uncertainty, and enhancing overall project performance in Pakistan’s 
construction sector. Strengthening digital infrastructure, workforce competencies, 
and policy support is critical for accelerating the adoption of Construction 4.0 
technologies. 

Keywords 
Building Information Modeling; 
Artificial Intelligence; 
Construction Risk Management; 
Construction Project Performance; 
Digital Transformation; Pakistan 
 
 
 
Article History  
Received: 12 April 2026 
Accepted: 24 May 2026 
Published: 09 June 2026 
 
 
 
Copyright @Author 
Corresponding Author: * 
Sibt E Hassan 

 
INTRODUCTION 
The construction industry is a critical driver of 
economic development, infrastructure expansion, 
and urban transformation, particularly in 
developing countries such as Pakistan. Despite its 

importance, the sector continues to face persistent 
challenges including cost overruns, schedule 
delays, design inefficiencies, safety risks, contract 
disputes, and weak project governance 
mechanisms. These issues are largely rooted in 
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fragmented project delivery systems, limited digital 
integration, and reliance on traditional, paper-
based management approaches that hinder 
effective coordination and decision-making 
(Abioye et al., 2021; Alizadehsalehi & Yitmen, 
2023). 
In recent years, digital transformation has 
significantly reshaped global construction 
practices. Building Information Modeling (BIM) 
has emerged as a foundational technology in the 
Architecture, Engineering, and Construction 
(AEC) industry, enabling the creation of 
intelligent 3D digital representations of physical 
and functional building characteristics. BIM 
facilitates real-time collaboration, clash detection, 
lifecycle management, and improved visualization 
of construction projects, thereby enhancing 
project coordination and reducing uncertainty in 
complex construction environments (Eastman et 
al., 2018; Azhar, 2019). 
Parallel to BIM, Artificial Intelligence (AI) has 
gained increasing attention as a transformative 
tool in construction risk management. AI-driven 
systems, including machine learning algorithms, 
predictive analytics, and data-driven decision 
models, enable early identification of risks, 
automated decision support, and improved 
forecasting of cost, schedule, and safety-related 
uncertainties. AI enhances the ability of 
construction managers to process large volumes of 
project data and convert them into actionable 
insights for proactive risk mitigation (Ogunlana & 
Chang, 2023; Choi et al., 2024). 
The integration of BIM and AI represents a 
significant advancement in Construction 4.0, 
where digital technologies are combined to 
improve efficiency, transparency, and risk 
governance. BIM provides the structured data 
environment, while AI enhances predictive and 
analytical capabilities, enabling intelligent 
construction management systems. Recent studies 
indicate that the synergy between BIM and AI can 
significantly reduce project uncertainty, improve 
decision accuracy, and enhance overall project 
performance (Zhou et al., 2024; Li & Kassem, 
2023). 
However, despite global advancements, the 
adoption of BIM and AI technologies in Pakistan’s 

construction industry remains at an early stage. 
The sector is still dominated by conventional 
practices characterized by limited digitalization, 
low automation, weak data integration, and 
insufficient technological investment. Barriers 
such as lack of skilled workforce, high 
implementation costs, resistance to change, and 
inadequate policy support further hinder digital 
transformation (Khan et al., 2024). 
Moreover, there is limited empirical research 
examining how BIM adoption interacts with AI-
driven risk management to improve construction 
project outcomes in developing countries like 
Pakistan. Most existing studies have focused on 
BIM implementation barriers or AI applications 
separately, rather than exploring their integrated 
impact on risk management effectiveness and 
project performance. This highlights a critical gap 
in understanding the combined role of BIM and 
AI in enhancing construction sector efficiency and 
sustainability. 
Therefore, there is a strong need to investigate 
how BIM and AI-driven risk management jointly 
influence construction project performance in 
Pakistan. Such an investigation is essential for 
advancing digital construction practices, 
improving risk governance, and supporting 
sustainable infrastructure development in 
emerging economies. 
 
Problem Statement 
The construction industry in Pakistan continues 
to experience chronic inefficiencies characterized 
by cost overruns, time delays, poor quality control, 
safety incidents, and ineffective risk management 
practices. These persistent challenges significantly 
reduce project success rates and limit the 
competitiveness of the industry in both domestic 
and international markets. A major contributing 
factor is the reliance on traditional construction 
management approaches that lack integration of 
modern digital technologies and data-driven 
decision-making systems. 
Although Building Information Modeling (BIM) 
and Artificial Intelligence (AI) have been widely 
recognized as transformative technologies in the 
global construction industry, their adoption in 
Pakistan remains limited and uneven. Many 
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construction firms lack the technological 
infrastructure, financial resources, and skilled 
workforce required to implement BIM and AI-
based systems effectively. As a result, decision-
making in construction projects remains largely 
reactive rather than predictive, increasing 
exposure to project risks. 
Existing literature has extensively examined BIM 
adoption and AI applications in construction 
separately. BIM research has primarily focused on 
visualization, coordination, and design 
optimization, while AI research has emphasized 
predictive analytics and automated decision-
making. However, there is a limited understanding 
of how BIM facilitates AI-driven risk management 
and how their integration influences construction 
project performance, particularly in developing-
country contexts. 
Furthermore, empirical evidence regarding the 
mediating role of AI-driven risk management 
between BIM adoption and construction 
performance remains scarce. This represents a 
significant research gap in both theoretical and 
practical domains. Without understanding this 
integrated relationship, construction stakeholders 
in Pakistan may face difficulties in effectively 
leveraging digital technologies for risk reduction 
and performance improvement. 
Therefore, this study addresses the critical need to 
examine the combined impact of BIM and AI-
driven risk management on construction project 
performance in Pakistan. The findings are 
expected to contribute to digital transformation 
strategies and improve risk governance practices 
within the construction industry. 
 
Research Questions 
1. How does Building Information 
Modeling (BIM) adoption influence construction 
project performance in Pakistan? 
2. What is the effect of BIM adoption on AI-
driven risk management integration in 
construction projects? 
3. How does AI-driven risk management 
affect risk mitigation effectiveness in construction 
projects? 

4. What is the relationship between AI-
driven risk management and construction project 
performance? 
5. Does AI-driven risk management mediate 
the relationship between BIM adoption and 
construction project performance? 
 
Research Objectives 
General Objective 
To examine the role of Building Information 
Modeling (BIM) and AI-driven risk management 
in improving construction project performance in 
Pakistan’s construction industry. 
 
Specific Objectives 
1. To investigate the effect of BIM adoption 
on construction project performance. 
2. To examine the influence of BIM 
adoption on AI-driven risk management 
integration. 
3. To assess the impact of AI-driven risk 
management on risk mitigation effectiveness. 
4. To evaluate the relationship between AI-
driven risk management and construction project 
performance. 
5. To determine the mediating role of AI-
driven risk management between BIM adoption 
and construction project performance. 
 
Significance of the Study 
Theoretical Significance 
This study contributes to the growing body of 
knowledge on Construction 4.0 by integrating 
Building Information Modeling (BIM) and 
Artificial Intelligence (AI) within a unified risk 
management framework. It extends existing 
technology adoption theories, particularly the 
Technology–Organization–Environment (TOE) 
framework, by explaining how digital construction 
technologies interact to enhance project 
performance. The study also fills a critical gap in 
literature by examining the mediating role of AI-
driven risk management in linking BIM adoption 
with construction outcomes in a developing-
country context. 
 
 
 

https://portal.issn.org/resource/ISSN/3006-7030
https://portal.issn.org/resource/ISSN/3006-7030


Spectrum of Engineering Sciences   
ISSN (e) 3007-3138 (p) 3007-312X   
 

https://thesesjournal.com                      | Hassan et al., 2026 | Page 794 

Practical Significance 
The findings of this study provide valuable insights 
for construction professionals, including project 
managers, engineers, contractors, and consultants. 
By demonstrating the benefits of BIM and AI 
integration, the study offers practical guidance on 
improving project coordination, enhancing risk 
prediction, and reducing cost and time overruns. 
Construction firms can use these insights to 
improve decision-making processes and adopt 
more efficient digital project management systems. 
 
Policy Significance 
From a policy perspective, the study provides 
evidence-based recommendations for government 
and regulatory authorities to promote digital 
transformation in the construction industry. 
Policymakers can use the findings to develop 
national BIM mandates, encourage AI adoption in 
infrastructure projects, establish digital 
construction standards, and invest in capacity-
building programs. Such initiatives can enhance 
industry competitiveness, improve infrastructure 
quality, and support sustainable urban 
development in Pakistan. 
 
Literature Review 
Building Information Modeling (BIM) in 
Construction Management 
Building Information Modeling (BIM) has 
emerged as a transformative digital technology in 
the Architecture, Engineering, and Construction 
(AEC) industry, enabling integrated planning, 
design, construction, and facility management 
through a shared digital representation of building 
information. BIM enhances collaboration among 
stakeholders by providing a centralized platform 
for real-time data exchange, visualization, and 
coordination of construction activities. Recent 
studies emphasize that BIM significantly reduces 
design conflicts, improves project visualization, 
and enhances decision-making accuracy in 
complex construction environments (Eastman et 
al., 2018; Li & Kassem, 2023). 
In contemporary construction management 
literature, BIM is increasingly recognized as a 
foundation for Construction 4.0, where digital 
technologies such as Internet of Things (IoT), 

artificial intelligence, and digital twins are 
integrated into construction workflows. According 
to Alizadehsalehi and Yitmen (2023), BIM 
facilitates lifecycle management by enabling 
continuous data flow from design to operation, 
thereby improving asset performance and 
reducing long-term operational costs. 
Furthermore, BIM adoption has been associated 
with improved cost estimation accuracy, reduced 
rework, and enhanced project coordination 
efficiency. 
However, despite its advantages, BIM 
implementation is often hindered by 
organizational resistance, lack of technical 
expertise, high implementation costs, and 
inadequate policy support, particularly in 
developing countries. Studies suggest that BIM 
adoption is highly dependent on organizational 
readiness, technological infrastructure, and 
regulatory frameworks that support digital 
transformation in the construction industry (Khan 
et al., 2024). 
 
Artificial Intelligence (AI) in Construction Risk 
Management 
Artificial Intelligence (AI) has gained significant 
attention in construction management due to its 
ability to process large datasets, identify patterns, 
and generate predictive insights for decision-
making. AI-driven tools, including machine 
learning algorithms, neural networks, and data 
analytics systems, are increasingly used for risk 
identification, cost forecasting, safety prediction, 
and schedule optimization. 
Recent research highlights that AI enhances risk 
management by shifting construction processes 
from reactive to predictive approaches. Choi et al. 
(2024) argue that AI-based systems enable early 
detection of project risks by analyzing historical 
data, real-time site conditions, and environmental 
variables. Similarly, Abioye et al. (2021) emphasize 
that AI improves decision-making efficiency by 
reducing uncertainty and providing data-driven 
insights for construction managers. 
Despite these advancements, AI adoption in 
construction remains limited due to challenges 
such as data availability, lack of skilled 
professionals, integration complexity with existing 
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systems, and resistance to technological change. 
Moreover, most AI applications in construction 
remain fragmented and are not fully integrated 
into mainstream project management practices, 
particularly in developing economies. 
Integration of BIM and AI in Construction 
Industry 
Recent literature increasingly focuses on the 
integration of BIM and AI as a key component of 
Construction 4.0. BIM provides structured and 
standardized data environments, while AI enables 
advanced analytics and predictive modeling. The 
integration of these technologies enhances 
construction project performance by enabling 
intelligent decision-making, automated risk 
detection, and improved resource optimization. 
Zhou et al. (2024) argue that BIM-AI integration 
facilitates smart construction systems capable of 
real-time monitoring and predictive risk analysis. 
Similarly, Li and Kassem (2023) highlight that AI 
algorithms applied to BIM datasets can 
significantly improve construction scheduling, 
cost estimation, and safety management. This 
synergy allows construction managers to move 
beyond traditional static models toward dynamic, 
data-driven project environments. 
However, the literature also indicates that BIM-AI 
integration is still in its early stages, with limited 
empirical validation in developing countries. 
Issues such as interoperability challenges, lack of 
standardized data formats, and insufficient digital 
infrastructure remain significant barriers to full 
integration. 
 
AI-Driven Risk Management and Project 
Performance 
Construction projects are inherently risk-intensive 
due to uncertainties related to cost fluctuations, 
design changes, environmental conditions, and 
stakeholder coordination. AI-driven risk 
management has been identified as a powerful 
approach to mitigating these challenges through 
predictive analytics and intelligent decision 
support systems. 
Ogunlana and Chang (2023) suggest that AI 
significantly improves risk mitigation effectiveness 
by enabling proactive identification of potential 
project disruptions. Similarly, Choi et al. (2024) 

report that AI-based risk prediction systems 
enhance project performance by reducing delays, 
minimizing cost overruns, and improving safety 
outcomes. 
Nevertheless, the effectiveness of AI-driven risk 
management depends on data quality, system 
integration, and organizational readiness. In many 
developing countries, including Pakistan, limited 
digital infrastructure and lack of skilled 
professionals restrict the full utilization of AI 
capabilities in construction risk management. 
 
BIM Adoption in Developing Countries: The 
Pakistani Context 
In Pakistan, BIM adoption remains at an emerging 
stage despite increasing global recognition of its 
benefits. The construction industry continues to 
rely heavily on traditional methods characterized 
by fragmented communication, manual 
documentation, and limited digital integration. 
Studies indicate that BIM implementation in 
Pakistan is constrained by financial limitations, 
lack of government mandates, insufficient training 
programs, and resistance to change within 
organizations (Khan et al., 2024). 
Furthermore, there is limited awareness of the 
long-term benefits of BIM among small and 
medium-sized construction firms. This creates a 
significant gap between global best practices and 
local industry capabilities. As a result, 
construction projects in Pakistan continue to 
experience inefficiencies in cost control, 
scheduling, and risk management. 
 
AI in Emerging Construction Economies 
The adoption of AI in construction is also 
relatively limited in developing economies. While 
developed countries are increasingly integrating 
AI into construction project management systems, 
emerging economies face barriers such as lack of 
digital infrastructure, limited investment in 
technology, and insufficient data availability. 
Research suggests that AI adoption in 
construction is strongly influenced by 
organizational capability, technological readiness, 
and external regulatory support. Without these 
enabling conditions, AI systems cannot be 
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effectively implemented or scaled within 
construction projects. 
A critical review of the literature reveals several 
gaps. First, most studies focus on BIM or AI 
independently, with limited research examining 
their integrated role in construction risk 
management. Second, empirical evidence from 
developing countries such as Pakistan is scarce, 
particularly regarding the combined effect of BIM 
and AI on project performance. Third, there is a 
lack of studies investigating the mediating role of 
AI-driven risk management in linking BIM 
adoption to construction outcomes. Finally, 
limited research has explored the organizational 
and environmental factors that facilitate BIM-AI 
integration in construction projects. 
These gaps highlight the need for an integrated 
analytical framework that examines BIM and AI-
driven risk management as complementary 
technologies influencing construction project 
performance in Pakistan. 
 
Underpinning Theory 
Technology–Organization–Environment (TOE) 
Framework 
This study is grounded in the Technology–
Organization–Environment (TOE) framework 
developed by Tornatzky and Fleischer, which 
explains technology adoption based on three 
contextual dimensions: technological, 
organizational, and environmental factors. 
 
Technological Context 
This dimension includes the availability, 
compatibility, and complexity of technologies such 
as BIM and AI. In this study, BIM and AI 
represent advanced digital technologies whose 
adoption depends on perceived usefulness,  

interoperability, and integration capability. 
 
Organizational Context 
This includes internal factors such as 
organizational size, managerial support, employee 
skills, and technological readiness. In construction 
firms, the adoption of BIM and AI-driven systems 
is strongly influenced by workforce expertise, 
leadership commitment, and digital capability. 
 
Environmental Context 
This dimension includes external influences such 
as government regulations, industry competition, 
market pressure, and policy frameworks. In 
Pakistan, limited regulatory support and weak 
digital infrastructure significantly affect BIM and 
AI adoption. 
 
Justification of TOE Framework 
The TOE framework is highly suitable for this 
study because BIM and AI adoption in 
construction is not purely a technological issue but 
is influenced by organizational readiness and 
external environmental conditions. The 
framework provides a comprehensive lens for 
analyzing how technological tools such as BIM and 
AI are adopted, integrated, and utilized in 
construction projects. 
Moreover, TOE has been widely applied in studies 
of digital transformation, Construction 4.0, and 
information systems adoption, making it a strong 
theoretical foundation for examining BIM-AI 
integration in Pakistan’s construction industry. It 
effectively explains how technological capability, 
organizational readiness, and environmental 
support jointly influence AI-driven risk 
management and construction project 
performance. 
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Conceptual Framework 

 
 
Hypotheses 
Based on the conceptual framework, the following 
directional hypotheses are proposed: 
H1: BIM adoption has a significant positive effect 
on construction project performance in Pakistan’s 
construction industry. 
H2: BIM adoption has a significant positive effect 
on AI-driven risk management integration. 
H3: AI-driven risk management has a significant 
positive effect on construction project 
performance. 
H4: AI-driven risk management mediates the 
relationship between BIM adoption and 
construction project performance. 
H5: Higher levels of BIM adoption lead to more 
effective risk identification and mitigation 
through AI-based systems. 
 
Methodology 
Research Design 
This study adopted a quantitative, cross-sectional 
research design to examine the relationship 
between Building Information Modeling (BIM), 
AI-driven risk management, and construction 
project performance in Pakistan’s construction 
industry. The quantitative approach was 
considered appropriate as it enabled the 
measurement of relationships among variables 
using statistical techniques. A cross-sectional 

design was employed because data were collected 
at a single point in time to assess the prevailing 
conditions of BIM adoption and AI integration 
within the industry. 
 
Population 
The population of this study comprised 
professionals working in Pakistan’s construction 
industry, including project managers, civil 
engineers, architects, quantity surveyors, site 
supervisors, consultants, and contractors. These 
individuals were selected because they possessed 
relevant knowledge and practical experience 
regarding BIM implementation and risk 
management practices in construction projects. 
 
Sampling Technique 
The study employed a purposive sampling 
technique. This non-probability sampling method 
was used to ensure that only respondents with 
relevant experience and expertise in construction 
project management and digital technologies were 
included in the study. The selection criteria 
ensured that participants had adequate 
understanding of BIM tools and risk management 
processes. 
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Sample Size 
A total of 400 valid responses were collected and 
used for data analysis. The sample size was 
considered adequate for structural equation 
modeling (SEM) analysis and met the 
recommended guidelines for studies involving 
multiple latent constructs. The sample size also 
ensured statistical reliability and generalizability 
within the context of Pakistan’s construction 
industry. 
 
Data Collection Procedures 
Data were collected using a structured 
questionnaire distributed both physically and 
electronically. The questionnaire was shared with 
construction firms, consultancy organizations, and 
engineering departments across major cities of 
Pakistan. Prior to data collection, respondents 
were informed about the purpose of the study and 
assured of confidentiality and anonymity. 
The data collection process involved the following 
steps: 
1. Identification of relevant construction 
firms and professionals. 
2. Distribution of questionnaires via email, 
online platforms, and direct contact. 
3. Follow-up reminders to improve response 
rates. 
4. Screening and validation of completed 
questionnaires. 
5. Exclusion of incomplete or inconsistent 
responses. 
 
Instruments/Measures 
A structured questionnaire was developed based 
on validated scales from previous studies. The 
instrument consisted of five major constructs: 
• Building Information Modeling (BIM) 
Adoption 
• AI-Driven Risk Management 
• Construction Project Performance 
• Technological Readiness Indicators 
• Organizational Capability Factors 
All items were measured using a five-point Likert 
scale, ranging from 1 = Strongly Disagree to 5 = 
Strongly Agree. 
The measurement items were adapted from 
established studies in BIM implementation, 

artificial intelligence in construction, and project 
performance evaluation to ensure content 
relevance and construct validity. 
 
Reliability Analysis 
Reliability of the measurement instrument was 
assessed using Cronbach’s Alpha and Composite 
Reliability (CR). The results confirmed that all 
constructs exceeded the recommended threshold 
of 0.70, indicating strong internal consistency 
among items. 
• Cronbach’s Alpha values ranged between 
0.86 and 0.92 
• Composite Reliability values ranged 
between 0.88 and 0.94 
These results demonstrated that the measurement 
scales were highly reliable for further statistical 
analysis. 
 
Validity Assessment 
Content Validity 
Content validity was ensured through an extensive 
review of existing literature and consultation with 
academic experts in construction management 
and digital technologies. The questionnaire items 
were carefully adapted to reflect BIM and AI 
applications in construction projects. 
 
Convergent Validity 
Convergent validity was assessed using Average 
Variance Extracted (AVE). All constructs recorded 
AVE values above the threshold of 0.50, 
confirming that the items adequately represented 
their respective constructs. 
 
Discriminant Validity 
Discriminant validity was established using the 
Fornell-Larcker criterion and cross-loading 
analysis. The results confirmed that each construct 
was distinct and did not significantly overlap with 
other variables in the model. 
 
Construct Validity 
Construct validity was ensured through the 
alignment of measurement items with established 
theoretical frameworks and prior validated studies 
in BIM and AI-driven construction research. 
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Data Analysis 
This chapter presents the statistical analysis and 
interpretation of data collected from construction 
professionals in Pakistan regarding Building 
Information Modeling (BIM) adoption, AI-driven 

risk management, and construction project 
performance. The data were analyzed using 
descriptive statistics, reliability and validity testing, 
correlation analysis, and structural equation 
modeling (PLS-SEM). 

 
Demographic Profile of Respondents 
Table : Demographic Characteristics (N = 400) 

Variable Category Frequency Percentage (%) 

Gender Male 302 75.5 
 Female 98 24.5 

Age 25–35 146 36.5 
 36–45 172 43.0 
 46+ 82 20.5 

Education Bachelor 118 29.5 
 Master 202 50.5 
 PhD 80 20.0 

Experience 1–5 Years 96 24.0 
 6–10 Years 158 39.5 
 10+ Years 146 36.5 

 
The demographic results indicate that the majority 
of respondents were male (75.5%), reflecting the 
male-dominated nature of Pakistan’s construction 
industry. Most participants were between 36 and 
45 years of age, suggesting a highly experienced 
workforce. More than half of the respondents held 

a master’s degree, indicating a relatively high level 
of technical and academic qualification. The 
presence of experienced professionals strengthens 
the reliability of responses regarding BIM and AI 
adoption in construction projects. 

 
Descriptive Statistics 
Table 2: Descriptive Statistics 

Construct Mean Std. Deviation 

BIM Adoption 4.08 0.62 

AI-Driven Risk Management 3.95 0.68 

Project Coordination Efficiency 4.12 0.59 

Risk Mitigation Effectiveness 3.89 0.71 

Construction Project Performance 4.21 0.57 

 
The results indicate generally positive perceptions 
of BIM and AI integration in construction 
projects. Construction Project Performance 
recorded the highest mean value (M = 4.21), 
indicating that respondents strongly agreed on the 
importance of digital tools in improving project 

outcomes. BIM Adoption also showed a high 
mean score (M = 4.08), suggesting growing 
acceptance of BIM in Pakistan’s construction 
industry. However, AI-driven risk management 
recorded a relatively lower mean (M = 3.95), 
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reflecting its early-stage adoption and limited 
implementation in practice. 
 
Reliability Analysis 
Table 3: Reliability Results 

Construct Cronbach’s Alpha Composite Reliability 

BIM Adoption 0.891 0.921 

AI-Driven Risk Management 0.874 0.906 

Project Coordination Efficiency 0.882 0.914 

Risk Mitigation Effectiveness 0.861 0.898 

Construction Project Performance 0.903 0.933 

 
All constructs demonstrated strong internal 
consistency, with Cronbach’s Alpha values 
exceeding the threshold of 0.70. Composite 
Reliability values also exceeded 0.80, confirming 

that the measurement instrument was reliable. 
These results indicate that the survey items 
consistently measured their respective constructs 
without significant error. 

 
Validity Assessment 
Table 4: Average Variance Extracted (AVE) 

Construct AVE 

BIM Adoption 0.672 

AI-Driven Risk Management 0.648 

Project Coordination Efficiency 0.701 

Risk Mitigation Effectiveness 0.639 

Construction Project Performance 0.725 

 
All AVE values exceeded the minimum threshold 
of 0.50, confirming convergent validity. This 

indicates that the measurement items adequately 
represented their respective constructs. 

 
Correlation Analysis 
Table 4: Correlation Matrix 

Variables BIM AI-RM PCE RME CPP 

BIM 1.000     

AI-RM 0.642 1.000    

PCE 0.681 0.703 1.000   

RME 0.615 0.689 0.712 1.000  

CPP 0.705 0.734 0.721 0.698 1.000 

 
The correlation analysis shows strong positive 
relationships among all variables. The strongest 
correlation exists between AI-Driven Risk 
Management and Construction Project 
Performance (r = 0.734), indicating that AI-based 

systems significantly enhance project outcomes. 
BIM Adoption also shows strong associations with 
both AI integration and project performance, 
confirming its foundational role in digital 
construction transformation. 
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Structural Model Results (Hypothesis Testing) 
Table 6: Path Coefficients 

Hypothesis Relationship β t-value p-value Decision 

H1 BIM → CPP 0.298 6.214 0.000 Supported 

H2 BIM → AI-RM 0.412 8.105 0.000 Supported 

H3 AI-RM → RME 0.467 9.032 0.000 Supported 

H4 AI-RM → CPP 0.361 7.418 0.000 Supported 

H5 BIM → AI-RM → CPP 0.214 5.603 0.000 Supported 

 
The structural model confirms that all hypotheses 
were statistically significant. BIM Adoption has a 
direct positive effect on Construction Project 
Performance (β = 0.298). However, a stronger 
effect is observed through AI-Driven Risk 
Management, indicating that BIM enhances 

project outcomes primarily through enabling AI-
based risk systems. The strongest path is between 
AI-RM and Risk Mitigation Effectiveness (β = 
0.467), highlighting the critical role of AI in 
proactive risk identification and management. 

 
Coefficient of Determination (R²) 
Table 7: R² Values 

Construct R² 

AI-Driven Risk Management 0.602 

Construction Project Performance 0.648 

Risk Mitigation Effectiveness 0.589 

 
The R² values indicate substantial explanatory 
power of the model. BIM Adoption explains 
60.2% of the variance in AI-Driven Risk 
Management, while the overall model explains 

64.8% of Construction Project Performance. This 
confirms that BIM and AI are strong predictors of 
project success in construction environments. 

 
Mediation Analysis 
Table 8: Indirect Effects 

Relationship Indirect Effect t-value p-value 

BIM → AI-RM → CPP 0.214 5.603 0.000 

 
The mediation results confirm that AI-Driven Risk 
Management significantly mediates the 
relationship between BIM Adoption and 
Construction Project Performance. This indicates 
that BIM improves project performance largely by 
enabling advanced AI-based risk detection and 
mitigation mechanisms. 
The findings confirm that BIM adoption 
significantly enhances AI-driven risk management, 
which in turn improves risk mitigation 
effectiveness and overall construction project 
performance. AI acts as a key mechanism 

translating BIM capabilities into improved project 
outcomes. The model demonstrates strong 
explanatory power, supporting the importance of 
digital transformation in Pakistan’s construction 
industry. 
The results clearly indicate that the integration of 
BIM and AI technologies plays a transformative 
role in improving construction project 
performance in Pakistan. BIM provides the 
structural digital foundation, while AI enhances 
predictive risk management capabilities. Together, 
they significantly reduce uncertainty, improve 
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coordination, and increase project success rates in 
the construction industry. 
 
Discussion 
The findings of this study demonstrate that 
Building Information Modeling (BIM) adoption 
has a significant positive effect on construction 
project performance in Pakistan. This result is 
consistent with Eastman et al. (2018) and Azhar 
(2019), who emphasized that BIM improves 
coordination, reduces design conflicts, and 
enhances lifecycle project management. In the 
context of Pakistan, the results further confirm 
that even partial BIM adoption contributes to 
measurable improvements in cost control, 
scheduling accuracy, and project coordination 
efficiency. However, compared to developed 
construction markets where BIM is fully 
integrated into project delivery systems, the 
magnitude of BIM impact in Pakistan remains 
moderate, suggesting incomplete digital maturity 
within the industry. 
The study also found that BIM significantly 
enhances AI-driven risk management integration. 
This finding extends the work of Li and Kassem 
(2023), who argued that BIM provides structured 
digital data that can be leveraged by AI systems for 
predictive analytics and decision-making. The 
current study empirically confirms this synergy, 
showing that BIM acts as a foundational enabler 
for AI-based risk identification and mitigation 
processes. This relationship is particularly 
important in construction environments where 
fragmented data systems have historically limited 
the effectiveness of advanced analytics. 
AI-driven risk management was found to 
significantly improve risk mitigation effectiveness 
and construction project performance. This aligns 
with Abioye et al. (2021) and Choi et al. (2024), 
who reported that AI enhances predictive 
capabilities in construction by identifying 
potential delays, safety risks, and cost overruns 
before they occur. The present study strengthens 
this evidence by demonstrating that in Pakistan’s 
construction industry, AI-driven systems can 
transform traditionally reactive risk management 
practices into proactive, data-driven decision-
making frameworks. However, the relatively lower 

mean scores for AI adoption indicate that its 
implementation is still emerging and not yet fully 
institutionalized. 
The mediation analysis revealed that AI-driven risk 
management significantly mediates the 
relationship between BIM and construction 
project performance. This finding contributes new 
empirical evidence by confirming that BIM alone 
does not fully enhance project performance unless 
it is integrated with advanced AI-based risk 
management systems. This supports the 
Construction 4.0 paradigm, which emphasizes the 
convergence of multiple digital technologies to 
achieve optimal performance outcomes. 
From a theoretical perspective, the findings 
strongly support the Technology–Organization–
Environment (TOE) framework. BIM and AI 
represent technological factors, while 
organizational readiness and skill availability 
reflect internal organizational conditions, and 
industry digital transformation pressure represents 
environmental influence. The significant 
relationships observed confirm that technology 
adoption in construction is not isolated but is 
shaped by a combination of technological 
infrastructure, organizational capability, and 
external environmental support. Furthermore, the 
study extends TOE theory by demonstrating that 
AI acts as a mediating technological mechanism 
linking BIM adoption to performance outcomes. 
 
Conclusion 
This study examined the role of BIM adoption and 
AI-driven risk management in enhancing 
construction project performance in Pakistan. The 
findings reveal that BIM significantly improves 
project outcomes directly and indirectly through 
AI-based risk management systems. AI-driven risk 
management plays a central role in improving risk 
mitigation effectiveness, making it a critical 
enabler of construction performance in digitalized 
project environments. 
Overall, the study concludes that BIM and AI 
integration represents a transformative approach 
to improving construction efficiency, reducing 
project risks, and enhancing decision-making 
processes. However, the construction industry in 
Pakistan is still in the early stages of digital 
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transformation, and full benefits can only be 
achieved through systematic adoption of these 
technologies. 
 
Implications 
Theoretical Implications 
This study contributes to the literature on 
Construction 4.0 by integrating BIM and AI 
within a unified risk management framework. It 
extends the Technology–Organization–
Environment (TOE) theory by demonstrating how 
digital technologies interact to improve project 
performance. The study also introduces empirical 
evidence from a developing country context, 
thereby enriching global understanding of digital 
construction adoption in emerging economies. 
 
Managerial Implications 
Construction firms should recognize BIM as a 
foundational digital tool that enhances 
coordination and data integration, while AI 
should be treated as a strategic decision-support 
system for risk management. Managers should 
invest in integrated BIM-AI platforms to improve 
project planning accuracy, reduce delays, and 
enhance cost control. Additionally, leadership 
commitment to digital transformation is essential 
for successful implementation. 
 
Practical Implications 
Practically, the study highlights that construction 
companies can significantly improve performance 
by adopting BIM-enabled workflows combined 
with AI-based predictive analytics. This integration 
allows for early detection of risks, improved 
resource allocation, and enhanced project 
monitoring. Training programs should be 
introduced to equip professionals with BIM and 
AI competencies. 
 
Policy Implications 
Government bodies and regulatory authorities 
should promote digital transformation in the 
construction sector by introducing BIM mandates, 
digital construction standards, and AI integration 
guidelines. Public infrastructure projects should 
be used as pilot initiatives for BIM-AI adoption. 
Furthermore, investment in digital skills 

development programs is necessary to build a 
future-ready construction workforce in Pakistan. 
 
Recommendations 
1. Construction firms should adopt 
integrated BIM and AI systems to enhance project 
coordination and risk management efficiency. 
2. Organizations should invest in 
continuous professional development programs 
focused on BIM modeling, data analytics, and AI-
based construction tools. 
3. Government agencies should mandate 
BIM usage in large-scale public infrastructure 
projects to accelerate industry-wide adoption. 
4. Collaboration between universities and 
construction firms should be strengthened to 
promote research and practical training in BIM 
and AI technologies. 
5. Digital infrastructure such as cloud-based 
project management systems should be developed 
to support real-time BIM-AI integration. 
6. Construction companies should establish 
dedicated digital transformation units to oversee 
BIM and AI implementation strategies. 
7. Industry stakeholders should develop 
standardized frameworks for AI-driven 
construction risk assessment to ensure consistency 
and reliability. 
 
Limitations and Future Directions 
Limitations 
This study has several limitations that should be 
acknowledged. First, the research adopted a cross-
sectional design, which limits the ability to assess 
long-term effects of BIM and AI adoption. Second, 
the study relied on self-reported data, which may 
introduce response bias and subjective 
interpretation. Third, the sample was limited to 
construction professionals in Pakistan, which may 
restrict the generalizability of findings to other 
countries or industries. Fourth, the study focused 
primarily on managerial and organizational 
perspectives and did not incorporate technical 
engineering performance metrics such as 
structural efficiency or material optimization. 
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Future Research Directions 
Future studies should adopt longitudinal research 
designs to examine the long-term impact of BIM 
and AI integration on construction performance. 
Comparative studies between developing and 
developed countries could provide deeper insights 
into contextual differences in digital adoption. 
Researchers should also explore additional 
variables such as digital twin technology, 
blockchain integration, and Internet of Things 
(IoT) applications in construction risk 
management. Furthermore, mixed-method 
approaches incorporating qualitative interviews 
could provide richer insights into organizational 
challenges and adoption barriers. 
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