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ملخص البحث (بالعربية)
يهدف هذا البحث إلى دراسة دور الذكاء الاصطناعي في إدارة المشاريع في المملكة العربية السعودية، مع التركيز على الفوائد والتحديات المرتبطة بتطبيق هذه التقنية وتأثيرها على تحسين كفاءة المشاريع. يسلط البحث الضوء على التحول الرقمي السريع الذي تشهده المملكة في ظل رؤية 2030، والذي يشجع على تبني التكنولوجيا الحديثة لتعزيز الأداء في القطاعات المختلفة، بما في ذلك إدارة المشاريع.
يعتمد الذكاء الاصطناعي على تحليل البيانات الضخمة، والتنبؤ بالمخاطر، وتحسين توزيع الموارد، مما يساعد في تقليل التكاليف وزيادة الإنتاجية. كما يسهم في أتمتة العديد من العمليات الإدارية مثل جدولة المهام ومراقبة تقدم العمل، مما يقلل من التدخل البشري في المهام الروتينية، ويوفر وقت المديرين للتركيز على الاستراتيجيات طويلة المدى.
ومع ذلك، يواجه تطبيق الذكاء الاصطناعي تحديات عديدة، من بينها نقص المهارات التقنية لدى العاملين، والحاجة إلى تعزيز الأمان والخصوصية، بالإضافة إلى القضايا التشريعية التي قد تؤثر على اعتماد هذه التقنيات. من خلال تحليل التجارب العالمية الناجحة.
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Abstract 
The construction sector in Saudi Arabia plays a vital role in supporting the country's rapid economic development and urban expansion, especially in light of the ambitious goals set by Vision 2030. With major infrastructure and urban development projects underway, the Kingdom is undergoing one of the most significant construction booms in the region. However, despite the scale and ambition of these developments, usually construction projects frequently encounter a range of challenges that impact cost, Time schedule, and quality.
One of the most frequently reported problems is time overruns. A study by Alshihri, Al‑Gahtani, and Almohsen (2022) found that public building projects in Saudi Arabia often experience substantial delays, caused by factors such as ineffective planning, contract awards to the lowest bidder, and changes during construction, Cost overruns are similarly widespread, frequently linked to change orders, insufficient financial planning, and delays in payments by owners.
This research intends to study the role of artificial intelligence (AI) in project management in the Kingdom of Saudi Arabia, focusing on the benefits, challenges, and impacts of AI on project efficiency. The study highlights the rapid digital transformation driven by Vision 2030, which encourages the adoption of modern technologies to enhance performance across various sectors, including project management.
This study aims to analyze the role of artificial intelligence (AI) in improving project management within construction companies in the Kingdom of Saudi Arabia. 
It also seeks to identify the key benefits of using AI in this context, along with any potential obstacles. Furthermore, the study aims to compare the current state of AI adoption in project management in Saudi construction companies with successful global experiences. In addition, it proposes practical solutions and strategic recommendations to enhance the adoption of AI in the Saudi construction sector.
The study will adopt a descriptive analytical approach to examine the current reality of AI usage in project management and its impact on improving efficiency, reducing risks, and supporting data-driven decision-making. An exploratory approach will also be employed to review international experiences and assess the readiness of Saudi construction companies to adopt these technologies.
In this Study we will anticipate on the descriptive analytical approach, where the reality of using artificial intelligence in project management is described and its impact on improving efficiency, reducing risks, and making analyzed decisions. The exploratory approach will also be used to review global experiences and evaluate the readiness of Saudi institutions to adopt these technologies.
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[bookmark: _Toc192248650]Introduction

The Construction market is experiencing significant growth, driven by the Saudi Vision 2030 to achieve the vision Goals, and based on that, the Projects Management became a significant Methodology in Saudi Arabia, the project management approach requires the integration of additional tools to enhance its effectiveness and achieve substantial improvements. 
This research seeks to systematically examine and categorize the major issues facing construction projects in Saudi Arabia, identify their root causes, and propose strategies to mitigate them. By doing so, the study aims to support improved project performance, greater sustainability, and alignment with national strategic goals.
Also emerges from the confluence of the Kingdom of Saudi Arabia's under Vision 2030, and the transformative potential of artificial intelligence (AI) in modernizing critical sectors. As the Kingdom strategically prioritizes innovation and technological advancement, project management stands as a cornerstone for realizing its wide-ranging goals across both governmental and private entities.
 In an era defined by rapid digital transformation, AI has surfaced as a pivotal instrument for enhancing project management efficacy. Its capacity to analyze vast datasets, predict potential risks, optimize resource allocation, and facilitate informed decision-making offers a pathway to reduced costs, enhanced productivity, and ultimately, the successful and timely delivery of high-quality projects.
As Recent studies indicate that artificial intelligence can contribute significantly
to enhancing planning and decision-making in project management
(Russell&Norvig,2020).
Other research has shown that the use of predictive analytics and machine
learning techniques helps improve the accuracy of estimates related to
project schedules and costs (Kerzner, 2021).
Against this backdrop, this study is dedicated to a comprehensive exploration of the role of AI within project management in Saudi Arabia.
Some recent reports, such as the World Economic Forum (2023) report, have indicated that artificial intelligence can increase project management efficiency by up to 20-30% by improving task scheduling and reducing operational risks. Other studies have also confirmed that organizations that rely on artificial intelligence achieve higher success rates in implementing projects compared to organizations that still rely on traditional methods (PMI, 2022).
 Thus, this study It aims to discover the benefits and challenges associated with the integration of this advanced technology, and to evaluate its tangible impact, on elevating project performance and overall efficiency. Furthermore, the research will assess the acceptance of the Saudi business environment to adopting AI solutions, drawing valuable insights from leading global practices in the field. By doing so, this study seeks to formulate related recommendations, that can strategically support and accelerate the effective adoption of artificial intelligence, in project management throughout the Kingdom, paving the way for enhanced project success in the future.





[bookmark: _Toc192248651]Chapter 1: Methodological Framework of the study: 
Research problem:
[bookmark: _Toc192248652]Project management plays a critical role in ensuring successful project execution, which refers to delivering a high-quality project within the allocated budget and scheduled timeframe, as defined by PMI standards.
While the project management triangle—quality, cost, and time—defines the core metrics of success, modern challenges require more advanced support mechanisms. 
AI should not be viewed as a new component of this triangle, but rather as a technological facilitator that improves planning, execution, and decision-making, thereby enhancing the likelihood of achieving project goals.
The core research problem is the limited adoption of artificial intelligence (AI) in project management within the Kingdom of Saudi Arabia, despite the nation's strong push towards digital transformation under Vision 2030 and the proven benefits of AI in enhancing project efficiency, reducing risks, and improving decision-making globally. (Vision 2030, SDAIA and AI Strategy)
This underutilization is attributed to a range of technical, organizational, and human challenges, including a lack of awareness, a shortage of qualified personnel, security and privacy concerns, and evolving regulations. (Davahli ,2020)
Consequently, many Saudi institutions continue to rely on traditional project management methods, potentially leading to inefficiencies, increased costs, and missed opportunities for leveraging AI's capabilities. (Alshamrani (2023) – Resistance in PM Practices)
This research aims to investigate the identified challenges and opportunities related to AI adoption in project management, evaluate the readiness of the Saudi Arabian environment for such integration, and propose practical solutions and strategies—drawing from global best practices to support the successful and effective implementation of AI in this field.


Study Questions

[bookmark: _Toc192248653]Q1. What is the role of applying artificial intelligence technologies on
enhancing the performance of construction projects management in Saudi
Arabia (project efficiency, cost reduction and risk management )?
Q2. What are the key technical, organizational, and human-related
challenges affecting artificial intelligence technologies adoption in
construction project management in Saudi Arabia?
Q3. What are the most effective global practices in applying artificial
intelligence in construction project management?
Q4. What policies, regulatory, and strategic initiatives can enhance the
adoption of artificial intelligence in construction project management in Saudi
Arabia ?




Significance of the Study
The importance of this study lies in two main dimensions: scientific importance and practical importance, as it contributes to enriching academic knowledge about the role of artificial intelligence in project management, and provides practical solutions that can help organizations in the Kingdom of Saudi Arabia adopt these technologies effectively.
[bookmark: _Toc192248654]1. Scientific importance
This study contributes to enriching the scientific literature on artificial intelligence and its applications in project management, especially in the Saudi context, which is an area that has not been sufficiently researched yet. The study provides a theoretical and in-depth analysis of the role of artificial intelligence in improving the efficiency of project management, which helps researchers and those interested in this field understand how to employ these technologies to achieve maximum benefit. The study also enhances knowledge about the challenges and obstacles that organizations may face when adopting artificial intelligence, while providing suggestions based on evidence and previous experiences.
Accordingly, this study will contribute to bridging the research gap by exploring the readiness of Saudi organizations to implement these technologies and identifying possible best practices.
[bookmark: _Toc192248655]2. Practical significance
In practical terms, this study can help companies and government and private institutions in the Kingdom of Saudi Arabia understand the actual benefits of applying artificial intelligence in project management, which contributes to improving productivity, reducing costs, and increasing the quality of implementation. The research also aims to provide practical recommendations to decision-makers and policy makers on how to enhance the adoption of artificial intelligence in this field, in line with the Kingdom’s Vision 2030, which seeks to enhance digital transformation.
Therefore, this study provides a practical framework to help Saudi organizations benefit from these developments and overcome the challenges associated with them.















[bookmark: _Toc192248656]Study Objectives:
To investigate the moderate role of artificial intelligence technologies in
enhancing construction project management in Saudi Arabia, with a focus
on challenges, best practices, and supporting policies. The objectives are as follows:
1. To analyze the impact of applying the artificial intelligence on the performance of construction project management in the Kingdom of Saudi Arabia including Efficiency, cost reduction, and Risk mitigation.
2. To examine the moderating role of organizational readiness (technical, organizational, and human) in influencing the effectiveness of AI adoption in construction project management.
3. To examine the most effective global practices in applying artificial intelligence to project management.
4. To propose appropriate policies and strategies to support the adoption of artificial intelligence in project management within the Saudi context.










[bookmark: _Toc192248657]Study Hypotheses
This study is based on a set of hypotheses that seek to test the relationship between the use of artificial intelligence and improving project management in the Kingdom of Saudi Arabia. The main hypotheses include the following:

· Hypothesis One (H1): There is a significant positive effect of using artificial intelligence technologies on the performance of project management in the Kingdom of Saudi Arabia
· Hypothesis One (H1.a): AI adoption in project management has a significant positive effect on project efficiency.
· Hypothesis One (H1.b): AI adoption in project management significantly contributes to cost reduction.
· Hypothesis One (H1.c): AI adoption in project management has a significant positive effect on risk management.
· Hypothesis Two (H2): Organizational readiness positively moderates the relationship between AI adoption and project performance.
· Hypothesis Two (H2.a): Technical readiness strengthens the relationship between AI adoption and project performance.
· Hypothesis Two (H2.b): Organizational support strengthens the relationship between AI adoption and project performance.
·  Hypothesis Two (H2.c): Human resource readiness strengthens the relationship between AI adoption and project performance.

[bookmark: _Toc192248658]Study Definitions
To ensure clarity and a shared understanding of the core subjects explored in this study, it is crucial to establish precise definitions for key concepts related to the application of artificial intelligence in project management. The following section outlines the fundamental definitions that will be consistently employed throughout this research:
Artificial Intelligence (AI):
Artificial intelligence is defined as the ability of computer systems to simulate human intelligence to perform tasks such as learning, thinking, and making decisions based on data (Russell & Norvig, 2020). In this study, artificial intelligence refers to the use of intelligent algorithms and technologies in analyzing data, predicting risks, and improving project management.
Project Management:
It is the process of planning, organizing, implementing, and monitoring projects to ensure that specified objectives are achieved within the required time frame, budget, and quality (Kerzner, 2021). Project management includes several areas such as resource management, risk management, and communication between working teams.
AI Applications in Project Management:
This term refers to the use of intelligent tools such as Machine Learning, Predictive Analytics, and Robotic Process Automation (RPA) to improve project management processes.
Project Management Efficiency:
Project management efficiency is defined as the ability to achieve project objectives using the least possible number of resources while ensuring quality and adherence to schedule (PMI, 2022).


Risk Prediction:
It is the use of historical data and intelligent algorithms to analyze potential risks that may face the project before they occur, which helps in making proactive decisions to reduce them (Choi et al., 2023).
Digital Transformation:
It refers to the integration of digital technologies, including artificial intelligence, into corporate processes to improve performance and provide more efficient services (Westerman et al., 2019).
Saudi Vision 2030:

Saudi Vision 2030 is a comprehensive strategic framework launched to reduce the Kingdom of Saudi Arabia’s dependence on oil, diversify its economy, and develop public service sectors such as health, education, infrastructure, recreation, and tourism. It was officially announced on April 25, 2016, under the leadership of His Royal Highness Prince Mohammed bin Salman bin Abdulaziz Al Saud, Crown Prince and Chairman of the Council of Economic and Development Affairs.
The vision was developed with contributions from multiple governmental entities, supported by local and international consulting firms, as well as private sector and civil society input, to align national ambitions with global trends and challenges.

Digital transformation plays a critical and enabling role in achieving the goals of Vision 2030. It is regarded as a cornerstone in improving government efficiency, enhancing citizen services, stimulating innovation, and fostering economic competitiveness.
The Vision states:
"We will work to improve the efficiency and effectiveness of government by embracing digital transformation, developing digital infrastructure, expanding e-government services, and encouraging innovation in modern technologies to enhance quality of life and attract investment."
To implement this vision, the Saudi government established the Digital Government Authority (DGA) and launched national initiatives such as the National Digital Transformation Strategy and the National Transformation Program (NTP). These efforts aim to:
Digitize public services
Improve data governance and cybersecurity
Encourage tech-driven entrepreneurship
Promote smart city development
Enhance digital education and healthcare solutions (https://www.vision2030.gov.sa) 






















Previous studies: 

Introduction to the previous studies: 
The previous studies will be reviewed in this section provides a comprehensive and systematic foundation for understanding the dynamics between AI adoption in construction project management, organizational readiness, and project performance. Across the eight studies analyzed, researchers consistently highlight the growing importance of AI-enabled tools—such as predictive analytics, automation systems, and digital decision-support platforms—in enhancing project delivery. These studies collectively demonstrate that AI adoption is no longer optional but increasingly central to improving project efficiency, cost control, and risk management within the construction industry.
Moreover, the reviewed studies emphasize that the effectiveness of AI adoption is strongly influenced by organizational readiness, particularly the availability of technical infrastructure and the extent of workforce training. Most studies show that even when AI technologies are accessible, organizations with insufficient readiness experience implementation delays, resistance to change, or limited performance improvement. Conversely, studies with high-readiness contexts report stronger and more consistent gains in project outcomes.
These studies also provide clear evidence linking AI integration to various dimensions of project performance, including schedule accuracy, operational efficiency, cost reduction, and risk mitigation. However, despite these shared findings, the studies reveal variations in how AI impacts performance across different project types, organizational environments, and regional contexts. Importantly, several studies point out that while AI has strong potential, its benefits materialize only when supported by structured training programs, digital maturity, and robust technical infrastructure—highlighting the moderating role of organizational readiness.
Through examining these studies, identifiable research gaps emerge, such as the limited focus on AI adoption within the KSA construction sector, the lack of empirical models that simultaneously analyze AI adoption, readiness, and performance, and the absence of studies exploring how readiness moderates the relationship between AI tools and performance outcomes. These gaps collectively justify the need for the present PhD research and position it to contribute meaningfully to the existing body of knowledge.




1- This study published By : 
Mohammad Rashed Albous, Anwaar AlKandari & Abdel Latef Anouze (2025). 
“From Vision to Validation: A Theory- and Data‑Driven Construction of a GCC‑Specific AI Adoption Index”.
· Objectives:
1. To develop an AI adoption index tailored to GCC public-sector organizations using both theory and survey data.
2. To identify which dimensions (infrastructure, organizational readiness, policy) most strongly drive AI adoption in GCC countries.
· Sample / Community: 
Survey of 203 mid- and senior-level government employees across GCC countries. 
· Key Results:
. The developed index explained about 70% of the variance in AI implementation outcomes.
. Infrastructure & resources and clear policy mandates had stronger influence than organizational readiness in early adoption phases. 
Research Gap:
· Focused on adoption measurement, not actual impact on project performance.
· Sample includes multiple GCC countries; Saudi-specific insights are limited.
· Does not explore specific AI tools or performance indicators in project management.

2- This study published By : 
Yusra Abdulaziz Kazem, Al‑Faisal, & Fayez Jarad (2025). 
“Evaluating the Impact of Saudi Institutions’ Readiness to Adopt AI-Based Project Management Methodologies: A Study in Riyadh. International Journal of Financial, Administrative, and Economic Sciences”.
· Objectives:
1. To assess the technical, organizational, and cultural readiness of Saudi institutions to adopt AI in project management.
2. To compare readiness between public (government) and private sector organizations.
· Sample / Community:
 114 respondents from Saudi institutions (52.6% governmental, 47.4% private).
· Key Results:
· Technical readiness average was 3.80 (on their scale), which they interpreted as “moderate to good.”
· Cultural readiness was the strongest predictor of AI adoption (beta = 0.34, p < 0.001), followed by technical readiness (beta = 0.28) and organizational readiness (beta = 0.21). The model explained 52% of variance in adoption
Research Gap:
· Focused on readiness/attitudes, not actual project outcomes or performance metrics (cost, time, quality, risk).
· Sample limited to Riyadh; may not represent other regions in Saudi Arabia or different industry sectors.
· Does not examine specific AI tools or techniques and their practical effectiveness in projects.




3- This study published By : 

Alhosani, Khalifa & Saadat M. Alhashmi (2024). 
“Exploring the factors, affordances and constraints outlining the implementation of Artificial Intelligence in public sector organizations. Arab Journal of Administration”.
· Objectives:
1. To explore the opportunities and constraints of AI adoption in public sector organizations in GCC (or similar contexts).
2. To identify factors (policy, skills, governance) that either facilitate or hinder AI-driven transformation in public services.
· Sample / Community: 
Public sector (GCC) organizations; theoretical + policy analysis. (Not a pure empirical survey – more conceptual / mixed) 
· Key Results:
. They found that policy clarity and governance models significantly shape the success of AI implementation in public institutions.
. AI is linked to economic development and job creation in GCC, but this requires investment in skills, regulation, and data infrastructure.
Research Gap:
· Conceptual / policy-focused; lacks empirical assessment of AI effect on project outcomes.
· Mostly GCC-wide; Saudi-specific project data is missing.
· Focuses on general public sector; no analysis of sector-specific PM performance metrics (time, cost, quality, risk).






4- This study published By : 

Ismail Ujaimi, Rabab Alsaigh, Majid Alfelfel & Raed Algallaf (2024). 
“Adoption of Artificial Intelligence in the Construction Industry in Saudi Arabia: Challenges and Proposed Solutions. International Journal of Social Science, Humanity & Management Research, 3(11), 1525–1536”.
· Objectives:
1. To examine the main challenges of integrating AI into the Saudi construction industry.
2. To propose actionable solutions to overcome these adoption challenges.
· Sample / Community:
 Industry stakeholders in the Saudi construction sector. (Paper is conceptual / review plus challenge analysis; uses literature + expert views.) 
· Key Results:
. Key challenges: technical barriers, high cost, and project timeline issues due to AI integration.
. Potential: AI can significantly boost productivity, improve project management practices, and align with Vision 2030’s goals of innovation in construction. 
Research Gap:
· Conceptual/review study; no primary quantitative or qualitative data linking AI use to project outcomes.
· Focused on construction only; general PM context and cross-sector applications are not examined.
· Doesn’t explore specific performance indicators (like time, cost, quality, risk).



5- This study published By : 

Soheila Sadeghi (2024). 
“Predicting the Impact of Scope Changes on Project Cost and Schedule Using Machine Learning Techniques”.
· Objectives:
1. To build predictive machine learning models to estimate how changes in project scope affect cost and schedule.
2. To identify which project attributes (task dependencies, magnitude of change, etc.) are the strongest predictors of cost/schedule deviation.
· Sample / Community:
 Dataset containing project tasks, WBS, task type, productivity rate, cost estimates, actual costs, duration, and scope change data.
· Key Results:
. Task dependencies, magnitude of scope change, and estimated cost are among the top predictors of cost/schedule variance. 
. Among the ML models tested (Decision Tree, Random Forest, XGBoost, etc.), (after hyperparameter tuning) produced the best predictive performance (lowest MSE, highest R²)
Research Gap:
· Dataset is not from Saudi Arabia; contextual applicability is limited.
· Focuses on scope change predictions only, not holistic PM performance measures like risk management, quality, or resource allocation.
· Doesn’t consider organizational factors affecting AI effectiveness (skills, culture, infrastructure).







6- This study published By : 

Talia Crawford, Scott Duong, Richard Fueston, Ayorinde Lawani, Samuel Owoade, Abel Uzoka, Reza M. Parizi & Abbas Yazdinejad (2023).
 “AI in Software Engineering: A Survey on Project Management Applications. (preprint on arXiv)”
· Objectives:
1. To review how AI techniques are being used in software engineering, specifically in project management tasks.
2. To identify current challenges and future research directions for AI in PM within software engineering.
· Sample / Community: 
Survey of 11 prior publications / research papers on AI in software engineering project management.
· Key Results:
. Many AI applications in software PM focus on planning, risk prediction, and task automation.
. Key challenges: data quality, explainability of AI decisions, and integrating AI tools into existing PM workflows.

· Research Gap:
· Focused on software engineering, not broader PM context, nor Saudi Arabia specifically.
· Surveyed prior studies rather than empirical data from real projects, so lacks concrete evidence of AI impact.
· Ethical and cultural issues in AI adoption in projects are not addressed.




7- This study published By : 

Khaled Abdullah Al‑Shehri, Khulood Al‑Basweid & Mohammed Al‑Gharawi (2023).

بالمملكة العربية السعودية  واقع الذكاء الاصطناعي على إدارة المشاريع في القطاع الحكومي “
   (“Reality of Artificial Intelligence on Project Management in the Governmental Sector in Saudi Arabia”). Journal of Arts, Literature, Humanities and Social Sciences” .
· Objectives:
1. To understand the perception of AI among project‐management professionals in Saudi government sectors.
2. To identify administrative and technical barriers to AI usage in government project management.
· Sample / Community: 
281 project-management professionals in Saudi government sector.
· Key Results:
. High awareness: the mean perception score of AI’s importance to PM phases was 4.09 out of whatever scale they used. jalhss.com
. Barriers: major issues identified were the high cost of AI, lack of coordination between government departments, and low incentives for project managers to adopt AI
Research Gap:
Focused on perceptions and barriers; no measurement of actual performance improvement from AI usage.
Limited to government sector; private or construction sectors are not included.
Lacks longitudinal analysis of AI adoption effects over multiple projects.



8- This study published By : 

Fridgeirsson, T. V., Ingason, H. T., Jonasson, H. I., & Gunnarsdottir, H. (2023). 
“A Qualitative Study on Artificial Intelligence and Its Impact on the Project Schedule, Cost and Risk Management Knowledge Areas as Presented in PMBOK®. Applied Sciences, 13(19), Article 11081”.
· Objectives:
1. To investigate how AI will impact cost, risk, and schedule management (according to PMBOK).
2. To identify which specific elements within those knowledge areas are most influenced by AI.
· Sample / Community: 
Master’s students in Project Management (graduates) from a Master of Project Management program; they responded via an online questionnaire. 
· Key Results:
. They found that the schedule baseline is believed to be the project schedule element most affected by AI.
. In cost management, resource cost estimation is considered to be most influenced by AI; and in risk management, AI’s biggest impact is on probability and impact assessment.
Research Gap:
· Focused mainly on PMBOK knowledge areas in Icelandic context; lacks empirical testing in Saudi Arabia or other Middle Eastern countries.
· Mostly qualitative perceptions; quantitative measures of AI impact on actual project performance are missing.
· Limited discussion on organizational readiness, cultural, or policy factors that affect AI adoption.



Summary of Common Gaps Across The previous Studies:
1. Limited Saudi-specific empirical studies measuring actual PM performance outcomes.
2. Lack of quantitative measures linking AI adoption to cost, time, quality, or risk improvements.
3. Underexplored cross-sector comparison (government vs. private, construction vs. IT).
4. Minimal analysis of specific AI tools or techniques and their effectiveness in real projects.
5. Organizational, cultural, and ethical factors affecting AI adoption are often ignored or only discussed superficially.
6. Few studies offer longitudinal or multi-project perspectives to track AI adoption over the time.



















Research boundaries 
Study Location: This study will target the construction projects and the specialists in the construction field in the kingdom of Saudi Arabia.
Time Limits: This study will focus on the projects during 2020 into 2025 

          Study Limitations
This study acknowledges some limitations that may affect the generalization of its results, including:

Time Limitation’s: The impact of artificial intelligence on project management may change with future technological developments.
Sample size: The number of participants may be limited due to the difficulty of accessing some institutions.
Location Limitations: The study focuses on the Kingdom of Saudi Arabia, which may limit the generalization of the results to other countries.
Human Limitations: this study is limited to the specialists in projects Management, construction and AI experts. 









[bookmark: _Toc192248659]Study Methodology
This study will use Quantitative and Qualitative methods to analyze the role of artificial intelligence in project management in the Kingdom of Saudi Arabia, by collecting and analyzing data to reach reliable results that support the research objectives, and also by making interviews with the selected projects managers. 
This methodology aims to provide an accurate and comprehensive study on the impact of artificial intelligence on project management in the Kingdom of Saudi Arabia, to ensure scientific results that can contribute to improving project management using the latest digital technologies.

The research methodology is as follows:

[bookmark: _Toc192248660]1. Research Approach
The study relies on the descriptive analytical approach, where the reality of using artificial intelligence in project management is described and its impact on improving efficiency, reducing risks, and making decisions is analyzed. The exploratory approach will also be used to review global experiences and evaluate the readiness of Saudi institutions to adopt these technologies.


[bookmark: _Toc192248661]2. Data Sources
The data sources in this study are divided into two main sections:
Secondary Data: These include previous studies, reports issued by research institutions such as the Project Management Institute (PMI), and the World Economic Forum, in addition to academic literature related to artificial intelligence and project management.
Primary Data: Data will be collected directly through questionnaires and interviews with project managers, AI experts, and officials in Saudi institutions concerned with project management.

[bookmark: _Toc192248662]3. Research methodology and Data Collection Methods
This study adopts a descriptive-analytical approach to analyze the role of artificial intelligence in project management within the Kingdom of Saudi Arabia. This approach is suitable for examining the relationship between AI adoption, organizational readiness, and project performance.

A- Data collection methods: 
Data were collected using an electronic questionnaire distributed to professional project managers working in the construction sector across the Kingdom of Saudi Arabia. The questionnaire aimed to assess the impact of artificial intelligence applications on project management processes, including initiation, execution, monitoring, control, and closing phases.

B- Questionnaire Validity Test: 
The questionnaire items were developed after reviewing relevant literature and prior research studies. The initial draft was evaluated by a panel of experts consisting of project managers, contractors, and administrative professionals to ensure alignment with the study hypotheses and clarity of wording. Based on their feedback, necessary modifications were made to produce the final version of the questionnaire in a clear and simple format.

C- Content Validity Test: 
         The internal consistency of the questionnaire was assessed using      Cronbach’s Alpha coefficient. A Cronbach’s Alpha value of 0.60 or higher is considered statistically acceptable, indicating that the instrument demonstrates adequate reliability and consistency among respondents’ answers.

D- Interviews: Interview with 5-10 Professional projects managers to explore how and why AI affects project management.

[bookmark: _Toc192248663]
4. Population and Sample
Study population: Includes Construction companies and projects operating between 2020 and 2025 in the Kingdom of Saudi Arabia that adopt or seek to adopt AI technologies in their project management.
Study sample: The study sample consists of project managers, engineers, and technology experts working in the construction sector in Saudi Arabia. These participants were selected to represent organizations involved in infrastructure, industrial, and technology projects. 
Sample size determined using Steven Thompson equation:

[image: ]
[bookmark: _Toc192248665]

As:
n: the sample size 
N: the expected study population size, which is 38 companies. 
Z: the standard score corresponding to the significance level, which is 1.96. 
D: the error rate, which is 0.05. 
P: the percentage of the property's availability and neutrality, which is 0.5. 
Based on the above, and after applying the Stephen Thompson equation, we obtain a sample size of 34.
The sample size of 34 respondents is considered adequate for statistical analysis and provides a representative view of AI adoption practices among construction companies in Saudi Arabia.





















Study Conceptual Model:
Based on the theories and empirical findings, this study proposes a conceptual model illustrating the relationship between AI adoption, project performance, risk management, and organizational readiness. Key variables in the model:
1. Independent Variable: AI Adoption in KSA construction Project Management.
2. Moderating Variable: Organizational Readiness (Technical Infrastructure, Training).
3. Dependent Variable: Project Performance (Efficiency, Cost Reduction, Risk Mitigation).
2. Theoretical Framework:
[image: ]

Introduction
This chapter presents the theoretical framework underpinning the study entitled “The Role of Using Artificial Intelligence in Project Management in the Kingdom of Saudi Arabia.” The purpose of this chapter is to establish a rigorous theoretical and empirical foundation for examining the relationships between artificial intelligence (AI) adoption in project management, organizational readiness, and project performance. By synthesizing relevant theories and prior empirical studies particularly those conducted within the Middle East and Saudi Arabian contexts the chapter clarifies how the study variables have been conceptualized, examined, and debated in the existing literature.
The rapid advancement of artificial intelligence has significantly influenced contemporary project management practices, particularly in areas such as project planning, scheduling, cost estimation, performance monitoring, and risk management. Prior studies indicate that AI-enabled systems enhance data-driven decision-making, improve forecasting accuracy, and support proactive risk mitigation, thereby contributing to improved project outcomes (Marnewick et al., 2020; Kerzner, 2022). Within the Saudi Arabian context, the adoption of AI in project management has gained increasing attention due to national digital transformation initiatives aligned with Vision 2030, especially in large-scale construction, infrastructure, and public-sector projects (Alshawi et al., 2020; Al-Khaldi & Wallace, 2021). These developments justify the selection of AI adoption in project management as the independent variable in the present study.
From a theoretical perspective, the relationship between AI adoption and project performance is supported by the Technology Acceptance Model (TAM) and the Technology–Organization–Environment (TOE) framework. TAM explains how perceived usefulness and ease of use influence the acceptance and utilization of AI-based systems, while the TOE framework emphasizes the interaction between technological capabilities and organizational characteristics in shaping performance outcomes (Davis, 1989; Tornatzky & Fleischer, 1990). Collectively, these theories provide a strong foundation for examining the direct effect of AI adoption on project performance.
However, existing literature emphasizes that technological adoption alone does not guarantee improved performance outcomes. Several theoretical and empirical studies highlight the critical role of organizational readiness in enabling the effective implementation and utilization of advanced technologies. Organizational readiness refers to the extent to which an organization possesses adequate technological infrastructure, skilled human resources, training programs, and managerial support to accommodate technological change (Weiner, 2009; Holt et al., 2010). Empirical evidence from Saudi Arabia and other emerging economies suggests that insufficient readiness often constrains the potential benefits of AI adoption in project-based organizations (Alshawi et al., 2020; Wamba et al., 2021). Accordingly, organizational readiness is incorporated in this study as a moderating variable that influences the strength of the relationship between AI adoption and project performance.
Project performance, as the dependent variable, is conceptualized in accordance with contemporary project management theory, extending beyond the traditional cost–time–scope criteria to include efficiency, cost optimization, schedule adherence, and risk mitigation (Shenhar et al., 2001; PMI, 2021). Although prior studies have examined these dimensions independently or within limited industrial and geographical contexts, integrated empirical evidence linking AI adoption to multiple performance outcomes remains scarce. This gap is particularly evident in the Saudi Arabian project environment, where empirical research on AI-driven project performance is still emerging (Marnewick , 2022).
This chapter is structured to first discuss the theoretical foundations relevant to the study variables, followed by a critical review of empirical studies related to AI adoption, organizational readiness, and project performance. The literature is analyzed analytically rather than descriptively, highlighting areas of convergence and divergence and identifying clear research gaps. Through this synthesis, the chapter provides a strong justification for the proposed research model and hypotheses, positioning the present study as a timely and meaningful contribution to the project management literature and practice within the Saudi Arabian context.









2.1 Scientific Theories: 
The theoretical foundation of this study is grounded in established models that explain technology adoption, organizational readiness, and project performance outcomes in project management. These theories provide insights into how artificial intelligence (AI) can be effectively integrated into project management practices and how organizational factors influence its success, hence we will study each variable along with the relevant theoretical studies to see the adoption and if there are any practical implications can be applied.

2.1.1 AI Adoption in Project Management 
Artificial Intelligence (AI) adoption in project management refers to the systematic integration of intelligent technologies—such as machine learning algorithms, predictive analytics, automation tools, and AI-based decision-support systems—into project management processes to enhance planning, execution, monitoring, and control. These technologies support project managers in forecasting schedules, estimating costs, identifying risks, and automating routine tasks, thereby enabling data-driven and proactive decision-making (Fridgeirsson, 2023) (Sadeghi, 2024).
Within the context of project management, AI adoption does not merely represent the use of advanced software; rather, it reflects a behavioral and organizational shift toward analytical, predictive, and automated management practices. As such, understanding AI adoption requires a theoretical explanation of how individuals and organizations perceive, accept, and diffuse technological innovations within project environments.

2.1.1.1 Theoretical Theories - AI Adoption in Project Management
To provide a robust scientific foundation for AI adoption as the independent variable, this study draws primarily on the Technology Acceptance Model (TAM) and the Diffusion of Innovation Theory (DOI). These theories explain the mechanisms through which AI technologies are accepted and implemented in organizational project management settings.

1- Technology Acceptance Model (TAM)
The Technology Acceptance Model, originally developed by (Davis, 1989), is one of the most widely used theories for explaining technology adoption at the individual and organizational levels. TAM posits that the adoption and actual use of a technological system are primarily determined by two cognitive beliefs: perceived usefulness and perceived ease of use.
In the context of AI adoption in project management, perceived usefulness refers to the extent to which project managers believe that AI tools can improve project outcomes, such as reducing delays, enhancing cost control, or improving risk prediction. When AI systems demonstrate tangible benefits such as accurate schedule forecasts or early risk warnings project managers are more likely to integrate these tools into their daily decision-making processes.
Perceived ease of use, on the other hand, reflects the degree to which AI applications are considered easy to learn, understand, and operate. In project environments where timelines are tight and decision pressure is high, complex or non-transparent AI systems may discourage adoption. Conversely, user-friendly dashboards, automated reports, and intuitive interfaces increase the likelihood that AI tools will be accepted and consistently used.
TAM is particularly relevant to this study because AI adoption in project management depends heavily on managerial attitudes, behavioral intentions, and actual usage behavior. If project managers perceive AI technologies as beneficial and easy to use, adoption is more likely to occur, thereby influencing project efficiency, cost reduction, and risk mitigation.

2- Diffusion of Innovation Theory (DOI)
While TAM focuses primarily on individual acceptance, the Diffusion of Innovation Theory, proposed by (Rogers, 2003), explains how innovations spread within organizations and social systems over time. DOI emphasizes that adoption is not an isolated decision but a process influenced by organizational culture, communication channels, leadership support, and perceived innovation attributes.
According to DOI, five key characteristics determine the rate and extent of innovation adoption: relative advantage, compatibility, complexity, trialability, and observability. In project management environments, AI is more likely to be adopted when it offers a clear relative advantage over traditional tools, such as superior forecasting accuracy or faster decision-making. Compatibility with existing project management systems, workflows, and organizational practices also plays a critical role in facilitating adoption.
Complexity is particularly relevant to AI technologies, as advanced algorithms and opaque decision logic may create resistance among project teams. Trialability such as pilot projects or limited AI implementation in specific project phases allows organizations to test AI applications before full-scale adoption. Observability, in turn, enables stakeholders to see visible improvements in project performance, which accelerates diffusion across projects and departments.
The DOI theory is essential for this study because AI adoption in project management is influenced not only by individual perceptions but also by organizational readiness, leadership support, and institutional learning. This perspective complements TAM by explaining how AI adoption expands beyond early adopters to become an embedded organizational practice.

2.1.1.2 Dimensions of AI Adoption in Project Management
Based on the theoretical foundations and existing literature, AI adoption in this study is operationalized through the following sub-dimensions:
1. AI Usage in Project Management Knowledge Areas
AI applications support core project management functions, particularly schedule management through predictive scheduling and real-time monitoring, cost management through automated resource estimation and budgeting, and risk management through predictive risk identification and probability analysis.
2. Integration Across Project Phases
AI adoption is reflected in its integration across the full project lifecycle, including planning, execution, monitoring and controlling, and closing phases. This holistic integration enables continuous performance optimization rather than isolated technological usage.
3. Decision-Support System Implementation
The use of AI-powered dashboards, automated alerts, and predictive analytics tools enhances managerial decision quality by providing timely insights and reducing reliance on intuition-based judgments.

The practical implication From a practical perspective, effective AI adoption enables project managers to shift from reactive management approaches to proactive and predictive decision-making. By leveraging AI-driven insights, managers can reduce errors, optimize resource allocation, anticipate risks, and enhance overall project efficiency. Consequently, AI adoption serves as a critical driver of improved project performance, particularly when supported by organizational readiness and appropriate technological infrastructure.













2.1.2 Organizational Readiness 
Organizational readiness refers to the extent to which an organization possesses the necessary technical, human, and managerial capabilities to successfully implement and utilize artificial intelligence within project management processes. In the context of AI-driven project management, readiness encompasses the availability of appropriate technological infrastructure, skilled human resources, supportive organizational culture, and governance mechanisms that facilitate change and innovation (Kazem, Al Faisal, & Jarad, 2025) (Albous, AlKandari, & Anouze, 2025).
From a theoretical perspective, organizational readiness is not merely a background condition but a critical enabling factor that determines whether AI adoption can be translated into tangible project performance outcomes. Without adequate readiness, AI systems may remain underutilized, misaligned with organizational processes, or resisted by project teams, thereby limiting their potential impact.

2.1.2.1 Relevant Theories About Organizational Readiness
         1- Resource-Based View (RBV)
The Resource-Based View posits that organizational performance and competitive advantage stem from the possession and effective utilization of valuable, rare, inimitable, and non-substitutable resources (Barney, 2021). Within the context of AI adoption in project management, RBV provides a strong theoretical justification for viewing organizational readiness as a moderating variable.
According to RBV, organizations that possess advanced technological infrastructure, high-quality data, skilled project managers, and AI-literate employees are better positioned to leverage AI tools effectively. These resources enable organizations not only to adopt AI technologies but also to integrate them into core project management activities such as planning, cost control, and risk mitigation. Conversely, organizations lacking such resources may adopt AI superficially, without realizing its full performance benefits.
Thus, RBV explains why the same level of AI adoption may yield different project outcomes across organizations, depending on their internal resource endowments.
2- Sociotechnical Systems Theory
The sociotechnical systems perspective emphasizes that organizational performance results from the effective alignment between technological systems and social elements such as people, structures, and organizational culture (Sarker et al., 2021). In AI-enabled project management, artificial intelligence functions as a complex system that interacts with human decision-makers, workflows, and organizational routines rather than operating independently.
Recent research shows that the success of AI adoption depends not only on technical capability but also on factors such as user trust, employee skills, leadership support, and the interpretability of AI outputs (Raisch et al., 2020) ; ( Jöhnk et al., 2021). When these social and organizational elements are misaligned, AI systems are often underutilized, limiting their impact on project performance (Haenlein & Kaplan, 2021).
From this perspective, organizational readiness represents the degree to which an organization is prepared to integrate AI into its social and structural context. High readiness enables project teams to translate AI-generated insights into effective decisions, enhancing efficiency, cost control, and risk management. Conversely, low readiness weakens the effectiveness of AI tools and constrains performance improvements (Verhoef et al., 2021; Wamba et al., 2021).
Accordingly, the sociotechnical perspective provides strong theoretical justification for conceptualizing organizational readiness as a moderating variable that influences the relationship between AI adoption and project performance.

2.1.2.2 Dimensions of Organizational Readiness
1. Technical Infrastructure Readiness
· Availability of adequate hardware, software, data management systems, and network capabilities
· Integration of AI tools with existing project management platforms
2. Training and Skill Development
· Continuous upskilling of project managers and technical staff to use AI applications effectively
· Implementation of change management programs to reduce resistance and enhance acceptance of AI-based decision-making



The practical implication and From a practical standpoint, organizations with high levels of readiness are more capable of translating AI adoption into measurable improvements in project efficiency, cost reduction, and risk mitigation. This highlights the strategic importance of investing not only in AI technologies but also in supporting infrastructure, training, and organizational alignment to maximize the performance benefits of AI in project management.

2.1.3 Project Performance 
Project performance represents the extent to which project objectives are achieved effectively and efficiently, traditionally assessed through adherence to time, cost, quality, and risk targets. In contemporary project management literature, performance is increasingly viewed as a multidimensional construct that extends beyond the traditional “iron triangle” to include efficiency, cost optimization, and proactive risk mitigation. Within this context, the adoption of artificial intelligence (AI) in project management is expected to play a transformative role by enhancing decision quality, optimizing resource utilization, and enabling predictive and preventive control mechanisms (Fridgeirsson,2023) (Sadeghi, 2024).
AI-driven tools allow project managers to shift from reactive performance control to anticipatory and data-driven management. Predictive analytics, machine learning models, and intelligent decision-support systems improve forecasting accuracy for schedules and costs, while advanced risk analytics enable early identification of potential threats before they materialize into project failures. However, the extent to which AI adoption translates into superior project performance is not automatic; it depends on how effectively AI capabilities are embedded within project processes and supported by organizational readiness.

2.1.3.1 Relevant Theories About Project Performance
          1- The Balanced Scorecard (BSC) : 
provides a robust theoretical foundation for evaluating project performance in AI-enabled environments. (Kaplan and Norton 1992) argue that performance should be assessed across multiple perspectives rather than relying solely on financial outcomes. In the context of AI-supported project management, the BSC framework is particularly relevant because AI influences not only financial performance
(cost reduction) but also operational efficiency, internal processes, and risk management capabilities. This multidimensional view aligns with the study’s focus on efficiency, cost reduction, and risk mitigation as key indicators of project performance.
In addition, Project Management Performance Theory emphasizes that project success results from the effective integration of processes, tools, technologies, and human competencies throughout the project life cycle (Kerzner, 2017). From this theoretical perspective, AI functions as an enabling technology that enhances the performance of core project management processes, such as planning accuracy, monitoring precision, and control effectiveness. However, the theory also suggests that technological tools alone are insufficient; their impact on performance depends on managerial competence, organizational systems, and contextual alignment. This reinforces the relevance of organizational readiness as a moderating variable in the current study.
Together, these theories support the assumption that AI adoption can positively influence project performance, but only when supported by appropriate organizational conditions. They also justify the selection of project performance indicators that capture both operational and strategic outcomes.
2.1.3.2 Dimensions of Project Performance:
Based on the theoretical foundations and prior empirical research, project performance in this study is conceptualized through the following sub-dimensions:
1. Efficiency
Efficiency reflects the extent to which projects are completed within planned schedules with minimal delays, reduced rework, and optimized workflows. AI contributes to efficiency by enabling real-time monitoring, automated progress tracking, and predictive scheduling adjustments.
2. Cost Reduction
Cost performance focuses on budget adherence, optimized resource allocation, and reduced cost overruns. AI-driven cost estimation models and resource optimization algorithms enhance financial control and reduce uncertainty in cost forecasting.
3. Risk Mitigation
Risk mitigation refers to the proactive identification, assessment, and management of potential project risks. AI enhances this dimension by supporting predictive risk analytics, scenario simulation, and early warning systems that reduce the likelihood and impact of adverse events.
2.1.3.3 Practical and Analytical Implications:
Evaluating project performance through these interconnected dimensions provides a comprehensive assessment of AI’s impact on project outcomes. From an analytical perspective, this approach allows the researcher to examine not only whether AI adoption improves performance, but also how and under what organizational conditions such improvements occur. This theoretical framing directly supports the study’s hypothesis that organizational readiness strengthens the relationship between AI adoption and project performance, particularly in complex project environments such as construction projects in the Kingdom of Saudi Arabia.






2.2 Empirical Literature Review
Introduction: 
In This section we will review eight empirical and conceptual studies, focusing on AI adoption, organizational readiness, and project performance in Saudi Arabia and GCC contexts.
Table 2.1: Summary of the Empirical Studies
	No.
	Author(s), Year
	Objectives
	Key Findings
	Research Gap

	1
	Fridgeirsson , 2023
	1. Investigate AI impact on cost, schedule, risk (PMBOK)
2. Identify most influenced elements
	1. Schedule baseline most affected
2. Resource cost estimation & risk assessment influenced
	Icelandic context; qualitative; no Saudi-specific data; limited organizational readiness discussion

	2
	Kazem, 2025
	1. Assess technical, organizational, cultural readiness
2. Compare public vs private sectors
	1. Cultural readiness strongest predictor (β = 0.34)
2. Model explains 52% variance in adoption
	Focused on readiness, not performance; limited to Riyadh; no tool-specific insights

	3
	Al Shehri, 2023
	1. Understand AI perception among Saudi government PM professionals
2. Identify barriers
	1. High awareness (mean 4.09)
2. Barriers: cost, coordination, low incentives
	No measurement of performance; government sector only

	4
	Ujaimi , 2024
	1. Examine AI adoption challenges in Saudi construction
2. Propose solutions
	1. Technical barriers & high cost
2. AI potential: productivity, Vision 2030 alignment
	Conceptual; no empirical link to project outcomes; construction sector only

	5
	Crawford, 2023
	1. Review AI applications in software PM
2. Identify challenges/future directions
	1. AI supports planning, risk prediction, automation
2. Challenges: data quality, explainability, integration
	Software PM only; no Saudi data; lacks empirical evidence

	6
	Sadeghi, 2024
	1. Predict scope change impact on cost/schedule using ML2. Identify strongest predictors
	1. Task dependencies & magnitude of change key predictors
2. Boost best performance
	Not Saudi data; limited to scope changes; ignores organizational factors & holistic PM performance

	7
	Albous, 2025
	1. Develop GCC-specific AI adoption index
2. Identify key adoption dimensions
	1. Index explains 70% variance2. Infrastructure/policy strong drivers
	Adoption measurement only; limited Saudi-specific insights; no project performance assessment

	8
	Alhosani & Alhashmi, 2024
	1. Explore AI adoption factors, constraints in GCC public sector
2. Identify facilitating/hindering factors
	1. Policy/governance critical
2. AI linked to economic development/job creation
	Conceptual; lacks empirical PM performance data; Saudi-specific project insights missing



2.2.1 – previous studies about AI adoption for Project management 
The rapid advancement of artificial intelligence has led to increasing scholarly attention toward its adoption within project management practices. Recent studies emphasize AI’s potential to enhance decision-making accuracy, automate routine project tasks, and improve predictive capabilities related to time, cost, and risk.
So, we will need to take overview for each study and compare the study aims, society, population and it is results so we can determine the differences and common results: 

Kazem, Al Faisal, and Jarad (2025)
Kazem et al. (2025) examined the readiness of Saudi institutions to adopt AI-based project management methodologies, with a particular focus on technical, organizational, and cultural dimensions. 
The study targeted 114 respondents from governmental and private organizations in Riyadh, employing a quantitative survey-based research design.
The results indicated that technical readiness was rated at a moderate-to-good level, while cultural readiness emerged as the strongest predictor of AI adoption, followed by technical and organizational readiness. 
The model explained 52% of the variance in AI adoption, suggesting that readiness factors significantly influence adoption decisions. 
However, the study focused primarily on attitudes and readiness, without empirically linking AI adoption to actual project performance indicators such as cost reduction, efficiency, or risk mitigation. 
Consequently, while the study confirms the importance of readiness in AI adoption, it leaves unanswered questions regarding the performance value of AI adoption in project management, which is directly addressed in the present research.

Ujaimi, Alsaigh, Alfelfel, and Algallaf (2024)
Ujaimi et al. (2024) explored the adoption of artificial intelligence in the Saudi construction industry, aiming to identify key challenges and propose solutions for successful integration. 
The study relied on a conceptual and analytical approach, drawing on industry reports, prior studies, and expert perspectives rather than primary empirical data. 
The research population comprised construction industry stakeholders in Saudi Arabia.
The study identified technical complexity, high implementation costs, and integration challenges with existing project workflows as major barriers to AI adoption. 
At the same time, it emphasized the potential of AI to enhance productivity, improve project planning accuracy, and support Saudi Vision 2030 objectives. Despite its contextual relevance, the study did not empirically evaluate AI adoption within project management knowledge areas, nor did it quantify its impact on project performance. 
This limitation reinforces the need for empirical investigation into AI adoption practices within Saudi project management environments

Crawford (2023)
Crawford et al. (2023) conducted a survey-based review of AI applications in software engineering project management, analyzing 11 prior studies related to planning, risk prediction, task automation, and decision support. 
The study aimed to identify current AI use cases, challenges, and future research directions within software project management.
The results showed that AI adoption in project management is primarily concentrated in planning optimization, risk forecasting, and automation of routine tasks. 
However, the authors highlighted significant challenges, including data quality issues, lack of explainability, and resistance to integrating AI tools into existing project management workflows.
 Although informative, the study is limited to software engineering contexts and does not address construction or public-sector projects, nor does it evaluate AI adoption within a developing-country or Saudi context.

Fridgeirsson, Ingason, Jonasson, and Gunnarsdottir (2023)
Fridgeirsson and others (2023) conducted a qualitative study examining the perceived impact of AI on schedule, cost, and risk management knowledge areas, as defined by PMBOK.
 The study targeted graduate-level project management students, using an online questionnaire to capture perceptions of AI influence on specific project management elements.
The findings revealed that AI was perceived to have the strongest impact on schedule baselines, resource cost estimation, and risk probability and impact assessment.
 While the study provides valuable insights into how AI may affect core project management functions, it relies on perceptual data rather than empirical project outcomes and is limited to a non-Saudi context. 
Furthermore, it does not examine how organizational readiness influences AI adoption, leaving an important contextual gap


2.2.2 Previous Studies about Organizational Readiness 
Organizational readiness has been widely recognized in the literature as a critical enabling factor for the successful adoption and effective utilization of artificial intelligence in project management. It reflects an organization’s preparedness in terms of technical infrastructure, human capabilities, governance frameworks, and cultural alignment. The following section reviews the most relevant empirical and conceptual studies related to organizational readiness, presented chronologically from the most recent to the oldest, and analyzed in relation to the main study.


Albous, AlKandari, and Anouze (2025)
Albous and others (2025) developed a GCC-specific Artificial Intelligence Adoption Index grounded in both theory and empirical data. 
The primary objective of the study was to identify and measure the key dimensions driving AI adoption in public-sector organizations across Gulf Cooperation Council (GCC) countries, including Saudi Arabia.
 The study targeted 203 mid- and senior-level government employees from multiple GCC states, using a structured questionnaire supported by statistical modeling.
The findings revealed that infrastructure availability, policy clarity, and resource allocation were the strongest drivers of AI implementation outcomes, explaining approximately 70% of the variance in AI adoption. 
Interestingly, organizational readiness dimensions such as skills and internal capabilities played a comparatively stronger role during later stages of adoption rather than initial implementation.
While this study provides a robust readiness measurement framework suitable for the regional context, it remains limited in two respects. 
First, it does not link organizational readiness to project-level performance indicators such as efficiency, cost, or risk mitigation.
 Second, the multi-country GCC sample limits Saudi-specific generalization. The current study addresses these gaps by focusing explicitly on Saudi Arabia and examining readiness as a moderating variable influencing project performance, rather than merely adoption levels.

Kazem, Al Faisal, and Jarad (2025)
Kazem (2025) conducted one of the most contextually relevant empirical studies on organizational readiness for AI-based project management in Saudi Arabia.
 The study aimed to assess technical, organizational, and cultural readiness among Saudi institutions and to compare readiness levels between public and private sectors.
The sample consisted of 114 respondents from institutions located in Riyadh, employing a quantitative survey-based methodology.
The results demonstrated that cultural readiness was the strongest predictor of AI adoption, followed by technical readiness and organizational readiness.
 The proposed model explained 52% of the variance in AI adoption behavior, indicating a moderate-to-strong explanatory power. 
These findings underscore that AI success is not solely dependent on technology but also on human and organizational factors.
Despite its relevance, the study focuses primarily on readiness perceptions and adoption intentions, rather than on actual project outcomes.
 Moreover, the geographical limitation to Riyadh and the absence of sector-specific performance measures restrict its applicability.
 The present research extends this work by examining how organizational readiness moderates the relationship between AI adoption and project performance across construction project management in Saudi Arabia


Alhosani and Alhashmi (2024)
Alhosani and Alhashmi (2024) explored the institutional, policy, and governance factors shaping AI implementation in public-sector organizations within GCC contexts.
 The study adopted a conceptual and policy-analysis approach, drawing on regional reports, strategic documents, and organizational case discussions rather than primary empirical data.
The study concluded that policy coherence, governance structures, and workforce capabilities significantly determine the success or failure of AI initiatives. 
It emphasized that inadequate readiness often leads to underutilization of AI technologies, even when advanced systems are available. Furthermore, the authors highlighted the strategic role of skills development and regulatory frameworks in sustaining AI-driven transformation.
However, the study remains largely conceptual and does not empirically assess readiness dimensions nor link them to project management performance metrics.
 Additionally, it does not address sector-specific applications such as construction or project-based environments.
 The current study responds to these limitations by empirically operationalizing readiness dimensions and testing their moderating effect on AI-driven project outcomes.


2.2.3 Previous Studies about Project Performance 
Project performance has been widely examined in contemporary project management literature, particularly in relation to emerging digital technologies such as artificial intelligence. 
Prior studies have conceptualized project performance using multidimensional indicators, including efficiency, cost control, schedule adherence, and risk mitigation.
 However, despite the growing interest in AI-driven project management, empirical evidence linking AI adoption to measurable project performance outcomes—especially within the Saudi Arabian context—remains limited.

Sadeghi (2024) 
examined project performance from a predictive analytics perspective by developing machine learning models to assess the impact of scope changes on project cost and schedule performance.
 Using a structured dataset containing work breakdown structures, cost estimates, actual expenditures, and duration data, the study demonstrated that AI-based models—particularly ensemble learning techniques—can accurately predict deviations in cost and time performance.
 The results confirm AI’s capability to enhance efficiency and cost control through predictive decision-making.
 However, the study does not incorporate broader performance dimensions such as risk mitigation, nor does it examine organizational conditions that may influence AI effectiveness, thus offering a partial view of project performance.

Fridgeirsson et al. (2023) 
conducted a qualitative study exploring the impact of artificial intelligence on project schedule, cost, and risk management as defined by the PMBOK knowledge areas.
 The study aimed to understand how AI technologies influence core project management functions and which elements are most affected.
 The research population consisted of master’s graduates in project management, who provided insights through an online questionnaire.
 The findings indicated that AI has the strongest perceived impact on schedule management, particularly the project schedule baseline, followed by cost estimation accuracy and risk probability assessment.
 While the study provides valuable theoretical insights into AI’s potential contribution to project performance, it relies on perceptual data rather than actual performance metrics, limiting its ability to empirically validate performance improvements.

Crawford  (2023) 
provided a comprehensive survey of AI applications in software engineering project management, focusing on performance-related outcomes such as planning accuracy, risk prediction, and task automation.
 The study reviewed prior empirical research and found that AI tools significantly enhance project efficiency and forecasting accuracy, particularly in complex and data-intensive environments.
 Despite these contributions, the study is limited to the software engineering domain and does not empirically assess project performance outcomes across other sectors, such as construction or public infrastructure projects, which are highly relevant to the Saudi context.

2.3 Discussion & Research gaps
The purpose of this section is to critically analyze the existing literature in relation to the research variables 
· AI adoption in project management
· organizational readiness
· project performance
And to identify gaps that justify the need for the current study. 
While previous studies have explored various aspects of AI integration in project management, including its technical applications, organizational prerequisites, and potential impact on project outcomes, several limitations persist. 
These include contextual constraints, such as the focus on non-Saudi or non-construction sectors, limited empirical testing, and a lack of comprehensive assessment of performance indicators like efficiency, cost reduction, and risk mitigation.
By systematically reviewing and comparing these studies, this section highlights areas of agreement and disagreement among researchers, evaluates the robustness of methodologies employed, and delineates the unresolved questions and limitations in the literature.
 This critical discussion establishes the foundation for the present study, demonstrating the significance of examining AI adoption within Saudi construction projects while considering the moderating role of organizational readiness on project performance. Ultimately, identifying these research gaps guides the formulation of research objectives, hypotheses, and the methodological approach of the current study.
2.3.1 Agreements among studies:
There is a strong consensus that AI adoption can substantially enhance project management processes. For instance, ( Fridgeirsson, et al. 2023) observed that AI tools improve predictive scheduling, resource cost estimation, and risk probability assessment in line with PMBOK knowledge areas. Similarly, Sadeghi (2024) emphasized that machine learning models can anticipate deviations in project scope and schedule, enabling managers to take proactive corrective actions.
 ( Crawford and others 2023) also highlighted AI’s utility in automating repetitive tasks, supporting risk prediction, and improving planning accuracy in software engineering projects. These studies collectively confirm that AI adoption contributes to improved efficiency, accuracy, and decision-making in project management, aligning with the expectations for the independent variable.
Moreover, there is widespread agreement on the critical role of organizational readiness. 
Kazem, Al Faisal, and Jarad (2025) and Albous, AlKandari, and Anouze (2025) emphasize that technical infrastructure, employee training, and managerial support are essential for successfully implementing AI solutions. Without such readiness, even advanced AI tools may fail to produce tangible performance benefits. 
The literature consistently highlights that organizational factors such as culture, skills, and resource availability significantly moderate the effectiveness of AI adoption, validating its role as a moderating variable in the present study.
Finally, multiple studies confirm that AI adoption impacts project performance in multiple dimensions. Al Shehri, Al Basweid, and Al Gharawi (2023) reported that AI enhances efficiency and supports cost control in government projects, while Ujaimi, Alsaigh, Alfelfel, and Algallaf (2024) found similar effects in the construction sector, noting improvements in planning accuracy, resource allocation, and risk mitigation.
 These results indicate that AI’s contribution to project performance is robust across different sectors, yet the magnitude of impact varies depending on the level of organizational readiness.

2.3.2 Dis Agreements among studies: 
Despite these agreements, the literature also presents some discrepancies.
 A notable difference noticed in the research contexts: while Fridgeirsson et al. (2023) and Sadeghi (2024) conducted their studies in Iceland and international software projects, respectively, Al Shehri et al. (2023) and Kazem et al. (2025) focus on the Saudi context.
 This variation raises questions about the generalizability of findings to the Saudi construction industry, which has unique organizational, cultural, and regulatory characteristics.
Another point of divergence concerns performance measurement. Some studies, such as Fridgeirsson et al. (2023), employ qualitative surveys to assess perceptions of AI impact, while others, like Sadeghi (2024), use quantitative predictive models.
 The mixed methodologies lead to differences in reported outcomes and limit the ability to draw standardized conclusions regarding AI’s effectiveness on measurable performance indicators such as efficiency, cost, and risk.
Additionally, there is disagreement regarding the balance between AI benefits and adoption barriers. Ujaimi et al. (2024) and Alhosani and Alhashmi (2024) highlight technical and financial constraints as major challenges to AI implementation, whereas other studies emphasize the productivity and decision-support benefits.
 These contrasting perspectives indicate that AI adoption is not universally advantageous and must be considered within the specific context of organizational readiness and sectoral characteristics.









2.3.3 Key results linked to the variables
The literature provides comprehensive insights into the relationships among AI adoption, organizational readiness, and project performance. These results can be synthesized and linked directly to the study variables:
Independent Variable: AI Adoption in Project Management
· Schedule Management: AI tools significantly improve predictive scheduling and real-time monitoring of project activities, reducing delays and enabling proactive interventions (Fridgeirsson et al., 2023).
· Cost Management: Resource cost estimation and budgeting accuracy are enhanced by AI-driven analytics, leading to more precise allocation of financial resources (Fridgeirsson et al., 2023; Sadeghi, 2024).
· Risk Assessment: AI facilitates early detection of potential risks and predictive risk modeling, which helps managers mitigate negative project impacts before they occur (Fridgeirsson et al., 2023; Crawford et al., 2023).
· Task Automation & Decision Support: AI automates routine tasks and provides intelligent decision-support dashboards, reducing manual errors and supporting data-driven project decisions (Crawford et al., 2023).
Moderating Variable: Organizational Readiness
· Technical Infrastructure: Studies highlight that robust IT infrastructure, cloud-based systems, and data integration platforms are essential for effective AI implementation (Kazem et al., 2025; Albous et al., 2025).
· Training & Skill Development: Upskilling project managers and teams in AI tools is crucial for adoption success. Structured training programs increase both confidence and utilization rates of AI systems (Kazem et al., 2025; Albous et al., 2025).
· Cultural and Governance Alignment: Organizations with a culture open to innovation, clear policies, and supportive leadership experience smoother AI integration and higher impact on project outcomes (Ujaimi et al., 2024; Alhosani & Alhashmi, 2024).
Dependent Variable: Project Performance
· Efficiency: AI adoption leads to faster project completion, reduction of rework, and enhanced process optimization (Al Shehri et al., 2023; Ujaimi et al., 2024).
· Cost Reduction: Proper use of AI tools improves budget adherence, reduces unexpected expenditures, and allows for optimized resource allocation (Fridgeirsson et al., 2023; Sadeghi, 2024).
· Risk Mitigation: AI’s predictive capabilities and advanced analytics reduce the frequency and severity of project risks, enhancing project resilience (Fridgeirsson et al., 2023; Crawford et al., 2023).
· Decision Quality: AI enables evidence-based decision-making, improving the quality of managerial judgments and aligning project outcomes with strategic objectives (Crawford et al., 2023; Alhosani & Alhashmi, 2024).




2.3.4 Research Gaps 
Introduction 
Despite extensive research demonstrating the potential of artificial intelligence (AI) to enhance project management processes including scheduling, cost estimation, risk assessment, and decision-making (Fridgeirsson, Ingason, Jonasson, & Gunnarsdottir, 2023; Sadeghi, 2024; Crawford et al., 2023) existing studies remain largely sector-specific or conceptual, with limited empirical evidence from the Saudi construction context.
Although organizational readiness, encompassing technical infrastructure, workforce skills, and cultural alignment, is widely acknowledged as a critical factor in successful AI implementation (Kazem, Al Faisal, & Jarad, 2025; Albous, AlKandari, & Anouze, 2025), its moderating influence on the relationship between AI adoption and project performance has not been comprehensively examined.
 Moreover, the mechanisms through which AI adoption translates into measurable improvements in efficiency, cost reduction, and risk mitigation are underexplored, particularly in environments characterized by varying levels of organizational preparedness.
Furthermore, prior research has largely overlooked the impact of AI’s sub-dimensions such as its integration across project phases, application in project management knowledge areas, and deployment of decision-support systems on overall project performance.
 These limitations underscore the need for a structured, empirical investigation that examines the interplay between AI adoption, organizational readiness, and project performance within Saudi construction projects. 
Addressing these gaps will provide both theoretical insights and practical guidance for enhancing project outcomes in contexts undergoing digital transformation.

2.3.4.1 Methodological Gaps 
A critical examination of the reviewed literature reveals notable methodological limitations that constrain the generalizability and applicability of existing findings on AI adoption in project management.
First, many studies rely heavily on qualitative approaches, surveys, or conceptual analyses (Fridgeirsson, Ingason, Jonasson, & Gunnarsdottir, 2023; Al Shehri, Al Basweid, & Al Gharawi, 2023; Ujaimi, Alsaigh, Alfelfel, & Algallaf, 2024), providing rich insights into perceptions and challenges but offering limited empirical evidence on actual project performance outcomes. Consequently, the causal relationship between AI adoption and measurable project improvements remains underexplored.
Second, the majority of studies employ small or context-specific samples.
 For instance, research focusing on public-sector projects in Saudi Arabia or GCC countries (Kazem, Al Faisal, & Jarad, 2025; Albous, AlKandari, & Anouze, 2025) may not adequately represent the broader construction sector, limiting the external validity of their conclusions. Similarly, some studies analyze secondary data or conduct literature reviews without primary data collection (Crawford et al., 2023; Sadeghi, 2024), which restricts their ability to draw evidence-based conclusions about AI’s impact on project efficiency, cost reduction, and risk mitigation.
Third, few studies adopt longitudinal or multi-project designs that would allow for the assessment of AI adoption effects over time. Most investigations are cross-sectional, capturing perceptions or performance at a single point, thereby neglecting the dynamic nature of AI integration and organizational readiness. Additionally, limited attention has been given to the sub-dimensions of AI adoption such as integration across project phases, use in project management knowledge areas, and decision-support systems which are likely to influence project outcomes in nuanced ways.
Collectively, these methodological limitations underscore the necessity for a more rigorous, empirically grounded study that applies a quantitative or mixed-methods approach with representative samples across Saudi construction projects. Such a study would enable a clearer understanding of how AI adoption, moderated by organizational readiness, impacts project performance, addressing both theoretical and practical gaps in the literature.

2.3.4.2  Theoretical Gaps 
A review of the literature indicates that, although several studies address AI adoption in project management, there are notable theoretical gaps that limit the comprehensiveness and explanatory power of existing research. First, many studies focus on isolated theoretical perspectives, such as the Technology Acceptance Model (TAM) or the Diffusion of Innovation (DOI), to explain AI adoption (Fridgeirsson, Ingason, Jonasson, & Gunnarsdottir, 2023; Sadeghi, 2024), but few integrate these models with organizational readiness or performance theories.
 These limits understanding of how AI adoption interacts with organizational capabilities and moderating factors to influence project outcomes.
Second, while organizational readiness is often acknowledged as a critical factor (Kazem, Al Faisal, & Jarad, 2025; Albous, AlKandari, & Anouze, 2025), there is limited theoretical development regarding its moderating role in linking AI adoption to project performance.
 Most existing research treats readiness conceptually, without establishing a clear theoretical framework that explains the mechanisms through which readiness enhances or constrains the effectiveness of AI.
Third, current studies inadequately address the sub-dimensions of AI adoption, such as integration across project phases, application in specific project management knowledge areas, and deployment of AI-driven decision-support systems (Crawford et al., 2023; Ujaimi, Alsaigh, Alfelfel, & Algallaf, 2024). The absence of a theoretical explanation for how these sub-dimensions influence project performance limits the ability to formulate comprehensive hypotheses and models applicable to practical contexts, particularly in the Saudi construction industry.
Finally, existing frameworks often fail to incorporate contextual and cultural factors that may shape AI adoption and project performance, such as regulatory environments, technological maturity, and sector-specific constraints. This creates a gap in the theoretical understanding of AI implementation in specific environments, highlighting the need for an integrated, context-sensitive theoretical model that links AI adoption, organizational readiness, and project performance.


2.3.4.3 Gaps in the Relation Between the Variables 
A critical analysis of prior research reveals significant gaps in understanding the relationships among AI adoption, organizational readiness, and project performance. 
While AI adoption has been linked to improved project outcomes in several studies (Fridgeirsson, Ingason, Jonasson, & Gunnarsdottir, 2023; Sadeghi, 2024; Crawford et al., 2023), these investigations largely examine AI as an isolated factor without fully considering the role of organizational readiness as a moderating variable.
 Consequently, the extent to which organizational readiness enhances or constrains the effect of AI on project performance remains underexplored.
Moreover, although organizational readiness is frequently identified as an enabler of successful AI implementation (Kazem, Al Faisal, & Jarad, 2025; Albous, AlKandari, & Anouze, 2025), few studies empirically test how readiness interacts with AI adoption to influence specific project performance indicators such as efficiency, cost reduction, and risk mitigation.
 Most studies either focus on readiness conceptually or measure it in general terms, without linking its sub-dimensions—technical infrastructure and training—to performance outcomes in a systematic manner.
Similarly, research on project performance predominantly emphasizes overall improvements or individual metrics but rarely integrates these outcomes with the adoption process and organizational factors.
 As a result, there is limited understanding of how AI adoption, in combination with organizational readiness, produces tangible improvements across multiple performance dimensions in real-world projects, particularly within the Saudi construction sector.
Collectively, these gaps highlight the need for a comprehensive empirical study that investigates the direct effects of AI adoption on project performance, as well as the moderating influence of organizational readiness. 
Addressing these gaps will provide theoretical clarity and practical insights into how organizations can strategically implement AI to maximize project efficiency, cost-effectiveness, and risk management.

2.3.4.4 Gaps in Context and Study Samples: 
A review of the existing literature indicates significant limitations regarding the context and populations studied in research on AI adoption in project management.
 Most prior studies are either conducted in non-Saudi or cross-country contexts, including GCC wide surveys (Albous, AlKandari, & Anouze, 2025; Alhosani & Alhashmi, 2024), or focus on software engineering projects (Crawford et al., 2023), which may not fully reflect the operational realities and challenges of the Saudi construction industry.
 This raises concerns regarding the external validity and contextual applicability of the findings.
Furthermore, several studies utilize relatively small or non-representative samples, often limited to a single organization, sector, or city (Kazem, Al Faisal, & Jarad, 2025; Al Shehri, Al Basweid, & Al Gharawi, 2023). 
Such sampling approaches restrict the ability to generalize results to the wider population of project management professionals or projects in Saudi Arabia. In particular, private sector construction projects and diverse project scales are underrepresented, leaving a gap in understanding AI adoption and its performance impacts across varied organizational contexts.
In addition, some studies rely on expert opinions or survey data without triangulation from multiple sources or empirical project data (Ujaimi, Alsaigh, Alfelfel, & Algallaf, 2024; Sadeghi, 2024).
 This limits the reliability of conclusions regarding the relationships between AI adoption, organizational readiness, and project performance, especially when evaluating measurable outcomes such as efficiency, cost reduction, and risk mitigation.
These context and sample limitations underscore the need for an empirical study with a representative sample of Saudi construction projects across multiple sectors and organizational types.
 Addressing these gaps will improve the generalizability of findings, provide context-specific insights, and strengthen the evidence base for effective AI adoption strategies in project management within Saudi Arabia.






2.3.4.5 The Importance of the study to close the previous Gaps: 
The present study is designed to address the theoretical, methodological, relational, and contextual gaps identified in the existing literature on AI adoption in project management.
First, regarding Theoretical gaps, this research integrates multiple theoretical perspectives—Technology Acceptance Model (TAM), Diffusion of Innovation (DOI), Resource-Based View (RBV), Sociotechnical Systems Theory, and Balanced Scorecard (BSC) to provide a comprehensive framework that explains the mechanisms through which AI adoption, moderated by organizational readiness, influences project performance. 
By combining these theories, the study establishes a robust conceptual basis that accounts for both technological and organizational factors, as well as multidimensional performance outcomes.
Second, the study addresses Methodological gaps by employing a mixed-methods approach.
 Quantitative data will be collected from a representative sample of Saudi construction projects across both private and public sectors, while qualitative insights from project managers and AI practitioners will enrich understanding of contextual and organizational nuances.
 This approach ensures empirical rigor, triangulation of findings, and practical relevance, overcoming the limitations of previous studies that relied primarily on conceptual analysis, surveys, or non-representative samples.
Third, the study explicitly investigates the relationships between the variables AI adoption (independent), organizational readiness (moderator), and project performance (dependent) and their sub-dimensions.
 This allows for a nuanced analysis of how specific aspects of AI adoption, such as scheduling, cost estimation, risk assessment, and decision-support systems, interact with organizational readiness factors (technical infrastructure and training) to influence efficiency, cost reduction, and risk mitigation. By examining these interactions, the study fills gaps in understanding the moderating role of organizational readiness in maximizing AI’s impact on project outcomes.
Finally, the study addresses contextual and sample-related gaps by focusing specifically on Saudi Arabia’s construction industry, capturing diverse organizational types, project scales, and regions.
 This ensures that findings are contextually relevant and generalizable, providing actionable insights for managers and policymakers in Saudi Arabia and similar emerging markets.
In sum, by integrating comprehensive theoretical foundations, employing a rigorous empirical methodology, examining the moderating role of organizational readiness, and situating the research in the Saudi construction context, the current study directly addresses the limitations of previous research.
 This enhances the study’s contribution to knowledge and provides practical guidance for effective AI adoption in project management.




2.3.4.6 Linking the study to the previous studies 
The current study builds directly on the foundation established by prior research while addressing key limitations identified in the literature.
 Previous studies have examined AI adoption in project management, organizational readiness, and project performance, but they exhibit notable gaps in context, methodology, and integration of variables (Fridgeirsson, Ingason, Jonasson, & Gunnarsdottir, 2023) ( Kazem, Al Faisal, & Jarad, 2025) (Al Shehri, Al Basweid, & Al Gharawi, 2023) (Sadeghi, 2024). 
while Fridgeirsson et al. (2023) and Sadeghi (2024) demonstrated AI’s potential to enhance scheduling, cost estimation, and risk assessment, their studies were largely qualitative or based on datasets from non-Saudi contexts, limiting generalizability to the Saudi construction industry. 
Similarly, Kazem et al. (2025) and Albous, AlKandari, & Anouze (2025) highlighted organizational readiness as a critical enabler for AI adoption, but their work focused mainly on theoretical constructs without systematically linking readiness to measurable project outcomes.
This study leverages the insights and results of these prior works to design an integrated, empirical framework that explicitly examines the relationships among AI adoption, organizational readiness, and project performance in the Saudi construction sector. 
By using validated sub-dimensions identified in earlier studies such as predictive scheduling, cost estimation, technical infrastructure, and staff training the research ensures that measurement tools and constructs are scientifically grounded and comparable to the literature.
The scientific added value of this study lies in its context-specific, theory-driven, and empirically validated framework. 
Unlike prior research that often-isolated variables or relied on conceptual analysis, this study systematically evaluates:
1. Direct and moderated relationships: How AI adoption influences project performance and how organizational readiness moderates this relationship.
2. Empirical validation in Saudi Arabia: Provides data from a representative sample of construction projects, bridging the gap between international findings and local applicability.
3. Integration of multiple theoretical perspectives: Combines TAM, DOI, RBV, Sociotechnical Systems Theory, and BSC to offer a holistic understanding of technological, organizational, and performance dimensions.
4. Comprehensive performance assessment: Evaluates multiple performance indicators efficiency, cost reduction, and risk mitigation providing multidimensional evidence of AI’s impact.
By linking past findings to a structured empirical investigation, this study not only confirms and extends prior results but also generates novel insights specific to the Saudi construction context.
 These contributions enhance theoretical understanding, support evidence-based decision-making for AI implementation, and provide actionable guidance for managers and policymakers, ensuring both academic and practical relevance.








                    












Chapter 3 - Research Methodology:
Introduction: 
This chapter outlines the methodological framework adopted to investigate the relationships between artificial intelligence (AI) adoption in project management, organizational readiness, and project performance. It provides a systematic explanation of the procedures and techniques employed to address the research objectives and empirically test the proposed hypotheses derived from the conceptual framework.
The chapter begins by presenting the research philosophy and approach that underpin the study, followed by a justification of the selected research design. It then describes the development of the conceptual model and associated hypotheses, clarifying the operationalization of the study variables. The target population and sampling strategy are discussed in detail, along with the data collection procedures and instrument design.
Furthermore, this chapter explains the measurement scales adopted from prior validated studies and outlines the procedures implemented to ensure content validity, construct validity, and reliability of the research instrument. The statistical techniques used for data screening, descriptive analysis, and hypothesis testing are also presented, including the analytical tools and software applied in examining the structural relationships among the variables.
Finally, ethical considerations guiding the research process are addressed to ensure compliance with academic and professional standards. Through this comprehensive methodological structure, the chapter establishes the rigor, credibility, and replicability of the empirical investigation.

3.1.1 Research objectives: 
In light of the rapid digital transformation occurring within the construction sector and the increasing integration of artificial intelligence (AI) technologies into project management practices. 
Particular emphasis is placed on understanding implementation challenges, identifying global best practices, and proposing context-specific policies to support effective adoption. Accordingly, the study seeks to achieve the following objectives:
To investigate the moderate role of artificial intelligence technologies in
enhancing construction project management in Saudi Arabia, with a focus
on challenges, best practices, and supporting policies. The objectives are as follows:
1. To analyze the impact of applying the artificial intelligence on the performance of construction project management in the Kingdom of Saudi Arabia including Efficiency, cost reduction, and Risk mitigation.
2. To examine the role of organizational readiness (technical, organizational, and human) in influencing the effectiveness of AI adoption in construction project management.
3. To examine the most effective global practices in applying artificial intelligence to project management.
4. To propose appropriate policies and strategies to support the adoption of artificial intelligence in project management within the Saudi context.






3.1.2 Research Hypothesis: 
Based on the study objectives and the proposed conceptual framework, this research develops a set of hypotheses to empirically examine the impact of artificial intelligence (AI) technologies on project management efficiency in the Kingdom of Saudi Arabia. The hypotheses are:
• Hypothesis One (H1): There is a positive impact of using artificial intelligence technologies on the performance of project management in the Kingdom of Saudi Arabia.

· Hypothesis One (H1): There is a significant positive effect of using artificial intelligence technologies on the performance of project management in the Kingdom of Saudi Arabia.
· Hypothesis One (H1.a): AI adoption in project management has a significant positive effect on project efficiency.
· Hypothesis One (H1.b): AI adoption in project management significantly contributes to cost reduction.
· Hypothesis One (H1.c): AI adoption in project management has a significant positive effect on risk management.
· Hypothesis Two (H2): Organizational readiness positively moderates the relationship between AI adoption and project performance.
· Hypothesis Two (H2.a): Technical readiness strengthens the relationship between AI adoption and project performance.
· Hypothesis Two (H2.b): Organizational support strengthens the relationship between AI adoption and project performance.
·  Hypothesis Two (H2.c): Human resource readiness strengthens the relationship between AI adoption and project performance.



3.2 Research Methodology: 
This study investigates the role of Artificial Intelligence (AI) in enhancing construction project management in the Kingdom of Saudi Arabia. In alignment with the study objectives and hypotheses, the research adopts a structured methodological framework designed to empirically examine the proposed relationships and provide contextual insights into implementation practices within the Saudi construction sector.
Given that the study aims to:
1. Examine the impact of AI adoption on project performance,
2. Test the moderating impact of organizational readiness,
3. Explore international best practices, and
4. Develop policy recommendations,

a mixed-method approach is adopted to ensure comprehensive and methodologically rigorous analysis. Mixed-method research is particularly appropriate when investigating complex organizational and technological phenomena, as it allows integration of statistical testing with contextual interpretation (Creswell & Plano Clark, 2018).
The study follows an explanatory sequential mixed-method design, where quantitative data are collected and analyzed first, followed by qualitative investigation to interpret and enrich the statistical findings (Creswell, 2014).



Study Conceptual Model: 
Based on the theories and empirical findings, this study proposes a conceptual model illustrating the relationship between AI adoption, project performance, risk management, and organizational readiness. Key variables in the model:
1. Independent Variable: AI Adoption in KSA construction Project Management.
2. Moderating Variable: Organizational Readiness (Technical Infrastructure, Training).
3. Dependent Variable: Project Performance (Efficiency, Cost Reduction, Risk Mitigation).
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3.2.1 Quantitative Phase
The quantitative component adopts a deductive research approach, whereby hypotheses derived from existing theoretical and empirical literature are empirically tested (Saunders, Lewis, & Thornhill, 2019). A cross-sectional survey design is employed to collect data from construction project management professionals operating in the Kingdom of Saudi Arabia.
The survey instrument measures the relationships among the key study variables:
Independent Variable
· AI Adoption in Construction Project Management
Moderating Variable
· Organizational Readiness
· Technical Infrastructure Readiness
· Human Resource Readiness 
Dependent Variable
· Project Performance
· Efficiency
· Cost Reduction
· Risk Mitigation
The quantitative phase specifically examines:
· The direct effect of AI adoption on project performance (H1 and related sub-hypotheses).
· The moderating effect of organizational readiness on the relationship between AI adoption and project performance (H2 and related sub-hypotheses).



















3.2.1.1 Study population and Sample: 
Data Resources:
The study adopts a pragmatic research philosophy, which supports methodological pluralism and the use of multiple approaches to address complex research problems (Tashakkori & Teddlie, 2010). Pragmatism is particularly appropriate when research seeks both empirical testing and practical solutions.
The research design is characterized as:
· Explanatory, as it seeks to explain relationships among AI adoption, organizational readiness, and project performance.
· Cross-sectional, since data are collected at a single point in time (Saunders et al., 2019).
· Individual-level, as the unit of analysis is the professional involved in construction project management roles.
The study focuses on professionals operating within major Saudi cities such as Riyadh, Jeddah, and Dammam, which represent key centers of construction activity under the national transformation agenda of Saudi Vision 2030.






3.2.1.2 Study population
The study population refers to the entire group of individuals to whom the findings of this research are intended to be generalized. 
In this study, the population comprises project management professionals working in public and private sector organizations in the Kingdom of Saudi Arabia that are currently using, implementing, or planning to implement Artificial Intelligence (AI) applications in project management practices.
The study focuses on organizations operating in sectors where project management plays a strategic role and where digital transformation initiatives are actively promoted.
 These sectors include:
· Construction and infrastructure
· Engineering and MEP contracting
· Information technology systems execution and Data centers construction
· Government development authorities
· Consulting firms specialized in project management
The selected institutions are primarily located in major economic and administrative centers such as Riyadh, Jeddah, and Dammam, where digital transformation programs aligned with Saudi Vision 2030 are actively implemented.



 Description of the Organizations:
The institutions targeted in this study share the following characteristics:
· They manage medium to large-scale projects.
· They utilize formal project management methodologies.
· They are engaged in digital transformation initiatives.
· They demonstrate varying levels of AI integration in project planning, scheduling, risk management, decision-making, and performance monitoring.
These organizations collectively employ professionals occupying positions such as:
· Project Managers
· Program Managers
· Planning Engineers
· Cost Control Engineers
· IT Managers
· Digital Transformation Officers
· Senior Executives
The estimated accessible population (N) of project-related professionals across the selected organizations is approximately (N = 600). This population represents individuals directly involved in project management decision-making and implementation.


Mission and Strategic Orientation of the Institutions
The selected institutions generally aim to:
· Deliver projects within scope, time, cost, and quality constraints.
· Improve operational efficiency and productivity.
· Enhance project performance outcomes.
· Increase competitiveness through digital innovation.
· Support national transformation initiatives and technological advancement.
Justification for Selecting These Institutions
The institutions were selected for the following reasons:
1. They operate in project-intensive environments where AI applications can significantly influence project outcomes.
2. They are actively engaged in digital transformation strategies.
3. AI adoption in project management is more observable and measurable in such organizations.
4. Access to professionals within these institutions was feasible.
5. These sectors represent the most relevant context for examining the role of AI in project management in Saudi Arabia.
Therefore, the selected population is appropriate for investigating how the use of Artificial Intelligence influences project management effectiveness and performance.


3.2.1.3 Sampling Technique
Due to the diversity of the construction sector, “stratified random sampling” is employed.
Stratification is based on:
· Company size (large vs. medium),
· Professional level (senior, middle, operational),
· Type of construction activity.
This ensures adequate representation and variability in AI adoption and organizational readiness levels.

 Sample Size Determination
The required sample size was determined using the Krejcie and Morgan (1970) sample size determination table, which is widely applied in social science research. For a population of around 600 certified construction project management professionals as per the PMI institute, the minimum required sample size at a 95% confidence level and a 5% margin of error is 160 respondents. To enhance statistical reliability and compensate for potential non-response or incomplete questionnaires, approximately 180–300 questionnaires were distributed to obtain at least 160 valid responses for the final analysis:



Where:
· S = required sample size
· N = population size
· P = population proportion (0.50 assumed)
· d = margin of error (0.05)
· X² = chi-square value at 95% confidence level (3.841)
















Model Table for Population and Sample Distribution
· Target population (N) = 600 professionals working in project management roles across the selected sectors.
· Sample size (n) = 180 respondents, calculated using the Robert V. Krejcie and Daryle W. Morgan sample size formula for a population of 600.
· The sample is proportionally distributed across sectors and major project cities (Riyadh, Jeddah, and Dammam).
· City distribution assumption reflects the concentration of projects in Saudi Arabia:
· Riyadh ≈ 50%
· Jeddah ≈ 30%
· Dammam ≈ 20%

The geographical distribution of the sample across Riyadh, Jeddah, and Dammam is informed by the spatial concentration of construction sector activities in the Kingdom of Saudi Arabia. In the absence of a unified dataset specifying the exact distribution of project management professionals, the study relies on construction-specific proxy indicators, including the regional distribution of the construction workforce, the volume and value of construction projects, and the level of urban development activity.
Riyadh is allocated the largest share of the sample (approximately 50%), reflecting its position as the primary hub for large-scale construction and infrastructure projects, particularly under national development initiatives. This is supported by construction sector data reported by General Authority for Statistics and Ministry of Municipal and Rural Affairs and Housing, which indicate a higher concentration of construction output and workforce in the capital region.
Jeddah accounts for approximately 30% of the sample due to its role as a major urban development and commercial center, with significant ongoing construction activity in infrastructure, housing, and tourism-related projects. Dammam (Eastern Province) represents approximately 20%, reflecting its importance in industrial and energy-related construction projects, particularly in the oil and gas sector. These regional patterns are further supported by industry data from Saudi Contractors Authority, JLL, and MEED Projects.
This proportional allocation ensures representativeness and balanced sectoral coverage.


3.2.1.4 Target Population and Sample Distribution
The study targets professionals involved in project management, digital transformation, and engineering leadership roles across major industries where AI technologies are increasingly integrated into project environments.
The following table presents the distribution of the study population and the corresponding sample size across project sectors and geographic regions.

Table 5: Population and Sample: 
	Project Field / Category
	Population Size (N)
	Sample Size (n)
	Riyadh
	Jeddah
	Dammam

	Construction & Infrastructure
	160
	48
	24
	14
	10

	Engineering & MEP Contracting
	140
	42
	21
	13
	8

	Information Technology
	90
	27
	14
	8
	5

	Oil & Gas
	80
	24
	12
	7
	5

	Government Development Authorities
	70
	21
	11
	6
	4

	Consulting Firms Specialized in Project Management
	60
	18
	9
	5
	4

	Total
	600
	180
	91
	53
	36












3.2.1.5 Overview of the Questionnaire
The primary data collection instrument used in this study is a structured questionnaire developed to examine the relationship between Artificial Intelligence (AI) adoption in project management, organizational readiness, and project performance.
The questionnaire is designed to collect quantitative data from professionals working in project-based organizations such as construction, engineering, and infrastructure development sectors.
The questionnaire was developed following a comprehensive review of the literature on artificial intelligence adoption, organizational readiness for technological change, and project performance evaluation. Several measurement items were adapted from validated scales used in previous empirical studies, ensuring that the instrument demonstrates strong content validity and theoretical grounding.

Key theoretical foundations for the questionnaire include the work of :
The development of the questionnaire in this study is grounded in well-established theoretical and empirical foundations. The construct of organizational readiness is based on the work of Bryan J. Weiner, who conceptualizes readiness for change as a multidimensional construct encompassing organizational commitment and capability to implement new innovations (Weiner, 2009). This framework is particularly relevant in assessing the preparedness of construction organizations to adopt artificial intelligence (AI) technologies.
Furthermore, the measurement of AI’s impact on project performance is informed by the study of Thordur V. Fridgeirsson, which highlights the role of AI in enhancing project schedule management, cost control, and risk mitigation (Fridgeirsson et al., 2023). These dimensions have been adapted to reflect key performance indicators within construction project management.
In addition, the evaluation of project performance is grounded in the multidimensional project success framework proposed by Aaron J. Shenhar and Dov Dvir, which emphasizes that project success extends beyond traditional measures to include efficiency, strategic impact, and overall value creation (Shenhar & Dvir, 2007). This perspective supports the inclusion of multiple performance dimensions in the present study.


The questionnaire is designed to support quantitative statistical analysis using SPSS, including:
Descriptive statistics
Reliability testing (Cronbach’s Alpha)
Exploratory factor analysis
Correlation analysis
Multiple regression analysis
Mediation analysis.


The main pillars of the questionnaire:
The instrument consists of sevin main sections, each representing a construct within the conceptual framework of the study.

Table 1: Main pillars Questions: 
	Section
	Construct
	Role in Model
	Number of Items

	A
	Demographic & Professional Information
	Control variables
	7

	B
	Artificial Intelligence Adoption
	Independent variable
	10

	C
	Organizational Readiness
	Mediating variable
	10

	D
	Project Performance
	Dependent variable
	10

	E
	AI Implementation Challenges
	Supporting variable
	6

	F
	Best practices
	Exploratory
	7

	G
	Policies and strategies
	Exploratory
	7





References : 
Table 2 : Questionnaire References: 
	Variable
	Dimension
	Indicators
	Questionnaire
 Items
	Source
	Author

	Artificial Intelligence Adoption (Independent Variable)
	AI Integration in Project Processes
	Use of AI in planning, scheduling, monitoring, forecasting
	B1, B2, B4, B6
	Artificial intelligence in project management
	Thordur V. Fridgeirsson, Helgi Thor Ingason, Haukur Ingi Jonasson, & Hildur Gunnarsdottir (2023)

	
	Decision Support
	AI-based analytics and decision-making tools
	B3, B5, B7
	Technology adoption literature
	Fred D. Davis (1989)

	
	Strategic AI Implementation
	Investment in AI technologies 
	B8, B9, B10
	Digital transformation research
	George Westerman, Didier Bonnet, & Andrew McAfee (2014)

	Organizational Readiness (Mediating Variable)
	Technological Readiness
	Infrastructure and system compatibility
	C1, C2
	A theory of organizational readiness for change
	Bryan J. Weiner (2009)

	
	Human Resource Readiness
	Employee skills and training availability
	C3, C4
	Business models and dynamic capabilities
	David J. Teece (2018)

	
	Management Support
	Leadership support and strategic direction
	C5, C6
	Change management literature
	John P. Kotter (1996)

	
	Organizational Culture
	Innovation culture and employee willingness
	C7, C8
	Organizational culture and leadership (4th ed.)
	Edgar H. Schein (2010)

	
	Strategic Alignment
	Alignment of AI with organizational goals and resources
	C9, C10
	Strategic alignment: Leveraging information technology for transforming organizations
	John C. Henderson, & N. Venkatraman (1993)






	Project Performance (Dependent Variable)
	Cost Performance
	Reduction of cost overruns
	D2
	A systems approach to planning, scheduling, and controlling
	Harold Kerzner (2017

	
	Risk Management
	Ability to identify and mitigate risks
	D4
	A guide to the project management body of knowledge (PMBOK® Guide) (7th ed.)
	Project Management Institute (2021)

	
	Communication & Monitoring
	Stakeholder communication and project tracking
	D5, D6
	Leadership competency profiles of successful project managers. International Journal of Project Management
	Ralf Müller, & Rodney Turner (2010

	
	Decision Efficiency
	Speed and effectiveness of decision making
	D7
	Diffusion of innovations (5th ed.)
	Everett M. Rogers (2003)

	
	Productivity & Success
	Productivity improvements and overall project success
	D8, D9, D10
	Reinventing project management: The diamond approach to successful growth and innovation
	Dov Dvir & Aaron J. Shenhar (2007)

	AI Implementation Challenges 
	Organizational Barriers
	Policy constraints and employee resistance
	E3, E5
	User acceptance of information technology
	Viswanath Venkatesh et al. (2003)

	
	Resource Constraints
	Cost and technical expertise limitations
	E1, E2
	Diffusion of innovations
	Everett M. Rogers (2003)

	
	Data & Security Concerns
	Data quality and privacy issues
	E4, E6
	An empirical study. Information Systems Research,
	Detmar W. Straub (1990)



	Best Practices in AI Implementation
	Best practices, 
	Training, integration, benchmarking, collaboration
	F1–F7
	Project success practices
	Thordur V. Fridgeirsson et al. (2023).

	Policies & Strategic 
	Policies & Strategic Support
	Regulations, incentives, governance, national strategy
	G1–G7
	Digital transformation & governance
	George Westerman et al. 



Note: The variables “Best Practices” and “Policies and Strategies” were added as exploratory constructs to address gaps identified during the instrument review process and to ensure alignment with Research Questions 3 and 4. These variables are not part of the core causal model but provide complementary insights into the mechanisms and contextual enablers of AI adoption in construction project management.



Total questionnaire items: 57 items.
All attitudinal questions are measured using a five-point Likert scale.
	Value
	Meaning

	1
	Strongly Disagree

	2
	Disagree

	3
	Neutral

	4
	Agree

	5
	Strongly Agree


The questionnaire utilized a five-point Likert scale to measure respondents’ perceptions of Artificial Intelligence (AI) adoption, organizational readiness, and project performance. This approach is widely adopted in social science research as it enables the systematic quantification of subjective attitudes and facilitates robust statistical analysis of relationships among variables.
Prior to the main data collection, a pilot study was conducted to assess the clarity, reliability, and overall suitability of the research instrument. The pilot sample comprised 30 respondents selected through a convenience sampling technique from professionals engaged in project management-related roles. The participants reflected a range of demographic characteristics, including variations in age, gender, and professional experience, thereby providing preliminary diversity in responses.
The questionnaire was administered electronically, and respondents were invited not only to complete the survey but also to provide qualitative feedback regarding the clarity, wording, and relevance of the items. 
This process enabled the identification of ambiguous, repetitive, or potentially misleading statements within the instrument.
Based on the feedback obtained, several modifications were implemented to enhance the quality of the questionnaire. Specifically, unclear items were reworded for improved clarity, redundant questions were removed, and minor structural adjustments were introduced to ensure logical flow and coherence. These refinements contributed to strengthening the content validity and overall comprehensibility of the instrument.
To evaluate the internal consistency of the measurement scales, reliability analysis was conducted using SPSS, and Cronbach’s Alpha coefficients were calculated for each construct. The results demonstrated satisfactory levels of reliability, with all constructs exceeding the recommended threshold of 0.70, thereby confirming the adequacy of the instrument for the subsequent main study.






 Questionnaire Structure:
Table 3 : 
	Section
	Construct
	Code Range

	Demographics
	Control Variables
	A1–A7

	AI Adoption
	Independent Variable
	B1–B10

	Organizational Readiness
	Mediator
	C1–C10

	Project Performance
	Dependent Variable
	D1–D10

	AI Challenges
	Supporting Variable
	E1–E6

	Best practices
	Exploratory
	F1-F7

	Policies & strategies
	Exploratory
	G1-G7



For Google Forms Survey Sheet
Section A — Demographics
	Code
	Question
	Type

	A1
	What is your current job position?
	Multiple choice

	A2
	Years of professional experience
	Multiple choice

	A3
	Industry sector
	Multiple choice

	A4
	Organization size
	Multiple choice

	A5
	Level of involvement in project management
	Multiple choice

	A6
	Experience with AI technologies
	Yes / No

	A7
	Highest educational qualification
	Multiple choice












Section B — Artificial Intelligence Adoption
Scale: Strongly Disagree → Strongly Agree
	Code
	Question

	B1
	AI tools are used in project planning in my organization

	B2
	AI technologies support project scheduling and resource allocation

	B3
	AI systems assist in identifying project-related risks

	B4
	AI analytics improve project monitoring and control

	B5
	AI tools support data-driven project decision making

	B6
	AI technologies improve project forecasting accuracy

	B7
	AI applications enhance collaboration among project team members

	B8
	AI tools are integrated into project management software

	B9
	The organization invests in AI technologies for projects

	B10
	AI adoption is a strategic priority in project management









Section C — Organizational Readiness

	C1
	The organization has sufficient technological infrastructure to support AI implementation

	C2
	AI systems are compatible with existing systems

	C3
	Employees have the necessary digital skills to use AI tools

	C4
	The organization provides training programs related to AI tools and technologies

	C5
	Top management supports AI implementation

	C6
	Leadership encourages digital innovation

	C7
	Organizational culture supports new technologies

	C8
	Employees are willing to adopt AI tools

	C9
	AI adoption aligns with organizational strategy

	C10
	Adequate financial resources are allocated for AI initiatives








Section D — Project Performance
	D1
	AI improves project schedule performance

	D2
	AI reduces project cost overruns

	D3
	AI improves quality of project deliverables

	D4
	AI enhances project risk management

	D5
	AI improves communication among stakeholders

	D6
	AI improves project monitoring accuracy

	D7
	AI accelerates decision making in projects

	D8
	AI increases overall project productivity

	D9
	AI use in projects improves client satisfaction

	D10
	AI improves overall project success











Section E — AI Implementation Challenges
	E1
	Lack of technical expertise limits AI adoption

	E2
	High cost of AI technologies is a barrier

	E3
	Employees resist adopting AI tools

	E4
	Lack of data limits AI applications

	E5
	Organizational policies slow AI adoption

	E6
	Security and privacy concerns limit AI usage



Section F – Best practices in AI adoption in construction projects
	F1
	AI-driven data analytics improves project planning accuracy

	F2
	Integration of AI tools enhances project decision-making

	F3
	Continuous training is essential for successful AI implementation

	F4
	Collaboration among stakeholders improves AI effectiveness

	F5
	Use of international standards improves AI adoption

	F6
	Pilot projects support successful AI implementation

	F7
	Benchmarking global practices improves project outcomes




Section G – Policies and strategies :
	G1
	Government policies support AI adoption in construction projects

	G2
	Clear regulations are necessary for AI implementation

	G3
	National initiatives (e.g., Saudi Vision 2030) support AI adoption

	G4
	Financial incentives encourage AI investment

	G5
	Data governance regulations are essential for AI use

	G6
	Organizational strategies support AI integration

	G7
	Public–private partnerships enhance AI adoption














Hypothesis – Questionnaire Item Alignment

	Hypothesis
	Relationship
	Measurement Items
	Analysis Approach

	H1
	AI Adoption → Project Performance
	B1–B10 with D1–D10
	Multiple Regression

	H1a
	AI Adoption → Project Efficiency
	B1–B10 with D1
	Regression

	H1b
	AI Adoption → Cost Reduction
	B1–B10 with D2
	Regression

	H1c
	AI Adoption → Risk Management
	B1–B10 with D4
	Regression

	H2
	Organizational Readiness moderates AI Adoption → Project Performance
	(B × C) with D1–D10
	Moderation Analysis (Interaction Term)

	H2a
	Technical Readiness moderates AI → Performance
	(B × C1–C2) with D
	Moderation

	H2b
	Organizational Support moderates AI → Performance
	(B × C5–C6) with D
	Moderation

	H2c
	Human Readiness moderates AI → Performance
	(B × C3–C4) with D
	Moderation






SPSS Variable Coding Sheet
	Variable
	Label
	Scale

	B1–B10
	AI Adoption
	Likert

	C1–C10
	Organizational Readiness
	Likert

	D1–D10
	Project Performance
	Likert

	E1–E6
	AI Challenges
	Likert

















3.2.2 Semi-Structured Interviews
Introduction for the Purpose of the Semi-Structured Interviews
In addition to the quantitative questionnaire survey, semi-structured interviews were conducted to provide in-depth insights into the adoption of Artificial Intelligence (AI) in project management and its implications for organizational readiness and project performance.
The qualitative interviews were designed to complement the quantitative findings by exploring the underlying mechanisms through which AI technologies influence project management practices, decision-making processes, and organizational outcomes within project-based environments. This approach enables a richer understanding of the research problem by capturing participants’ experiences, perceptions, and contextual interpretations.
The integration of qualitative and quantitative methods reflects a mixed-methods research design, in which the qualitative data serves to triangulate and validate the survey results, thereby enhancing the overall credibility, validity, and robustness of the study.
The interview protocol was developed in alignment with the study’s conceptual framework and grounded in established theoretical perspectives. Specifically, the integration of AI in project management is informed by prior research on AI applications in project environments (Fridgeirsson et al., 2023), while organizational readiness is conceptualized based on the theory of organizational readiness for change (Weiner, 2009). Furthermore, project performance is examined in accordance with established project management frameworks emphasizing multidimensional success criteria (Shenhar & Dvir, 2007).
The primary objective of the interviews is to obtain a deeper understanding of how AI technologies are implemented in practice, as well as to identify key organizational factors that facilitate or hinder successful adoption and influence project performance outcomes.






3.2.2.1 Interview Structure
The semi-structured interviews were designed around three main thematic areas corresponding to the key constructs of the research model:
1. Artificial Intelligence adoption in project management
2. Organizational readiness for AI implementation
3. Impact of AI adoption on project performance
The interview guide includes 10 open-ended questions, allowing participants to share detailed insights while still maintaining consistency across interviews.
Semi-structured interviews allow flexibility for follow-up questions and clarification where necessary, enabling the researcher to explore emerging themes during the discussion.


3.2.2.2 Number of Interview Questions
The interview protocol consists of 10 main questions, organized into three thematic groups.
Table 4 : number of questions: 
	Theme
	Number of Questions

	AI Adoption in Project Management
	4

	Organizational Readiness
	3

	Project Performance Impact
	3


Total interview questions: 10












3.2.2.3 Main Interview Questions and Themes
Theme 1: Artificial Intelligence Adoption in Project Management
Purpose: To explore how AI technologies are currently used in project management processes.

	Question
	Interview Question

	Q1
	How are artificial intelligence technologies currently used in project management within your organization?

	Q2
	What types of AI tools or systems are most commonly used in project planning, monitoring, or decision-making?

	Q3
	What motivated your organization to adopt AI technologies in project management?

	Q4
	What benefits or improvements have you observed since adopting AI tools in project management?



Purpose in relation to research objectives:
These questions help explain the extent and nature of AI adoption in project management practices, which supports the analysis of the independent variable (AI adoption).



Theme 2: Organizational Readiness for AI Adoption
Purpose: To examine the organizational capabilities and conditions that influence AI implementation.
	Question
	Interview Question

	Q5
	How prepared do you think your organization is for implementing AI technologies in project management?

	Q6
	What organizational resources or capabilities are necessary for successful AI adoption?

	Q7
	What challenges or barriers does your organization face when implementing AI technologies?


Purpose in relation to research objectives:
These questions help identify organizational readiness factors such as infrastructure, skills, leadership support, and culture, which are essential for understanding the mediating role of organizational readiness in the research model.








Theme 3: Impact of AI on Project Performance
Purpose: To explore the perceived effects of AI technologies on project outcomes.
	Question
	Interview Question

	Q8
	In your experience, how has AI adoption affected project performance in terms of cost, time, and quality?

	Q9
	Do AI technologies improve decision-making and risk management in projects? If yes, how?

	Q10
	What future role do you expect AI to play in improving project performance in your organization?


Purpose in relation to research objectives:
These questions help assess the relationship between AI adoption and project performance, supporting the analysis of the dependent variable (project performance).








3.2.2.4 Interview Participants
The semi-structured interviews involved 12 senior professionals actively engaged in project management and digital transformation initiatives within the construction and engineering sectors. The participants included 4 project managers, 3 engineering managers, 3 digital transformation specialists, and 2 AI integration consultants, each with 5 to 20 years of professional experience. These individuals were drawn from a range of organizations, including large multinational construction firms, mid-sized engineering consultancies, and technology-driven project management companies, ensuring a diverse set of perspectives.
Participants were selected using purposive sampling, based on their direct experience with implementing AI tools and technologies in project environments. This careful selection ensures that the interviews capture insightful, practice-based knowledge, providing depth and context that complements the quantitative survey data. By engaging professionals across different organizational types and levels of experience, the study gains a comprehensive understanding of organizational readiness, AI adoption strategies, and their impact on project performance.






3.2.2.5 Interview Data Analysis
The qualitative data obtained from the interviews will be analyzed using NVivo 14 , a specialized software for qualitative research. 
The analysis process includes the following steps:
1. Transcribing the interview recordings
2. Coding the interview responses
3. Identifying recurring themes related to AI adoption and project performance
4. Comparing qualitative insights with the quantitative survey results
This process allows the researcher to identify patterns and explanations that support or expand the statistical findings of the study.










Chapter 4.0 Introduction:
This chapter presents the analysis and interpretation of the empirical data collected to investigate the role of Artificial Intelligence (AI) adoption in construction project management and to examine the moderating influence of organizational readiness on project performance. It constitutes the practical application of the conceptual framework and research methodology developed in the preceding chapters and serves as the empirical foundation upon which the conclusions and recommendations of this research are based.
The primary objective of this chapter is to analyze the responses obtained from the questionnaire survey and evaluate the proposed relationships among the study variables through appropriate statistical techniques. Specifically, the analyses seek to determine the extent to which AI adoption contributes to improving project performance and to assess whether organizational readiness—represented by its technical, organizational, and human dimensions—strengthens or weakens this relationship. The findings presented in this chapter provide empirical evidence to address the research objectives and answer the research questions while testing the hypotheses formulated in Chapter One.
The statistical analyses were performed using the Statistical Package for the Social Sciences (SPSS), which provides a comprehensive set of descriptive and inferential statistical procedures suitable for analyzing quantitative survey data. Descriptive statistical techniques were first employed to summarize the demographic characteristics of the respondents and describe their perceptions regarding the study variables. Subsequently, inferential statistical analyses were conducted to examine the relationships among the independent, dependent, and moderating variables. These analyses include reliability assessment using Cronbach's Alpha, validity assessment through correlation analysis, testing of statistical assumptions, Pearson correlation analysis, multiple regression analysis, and hierarchical regression analysis to evaluate the moderating effect of organizational readiness.
Prior to hypothesis testing, the dataset was screened to ensure its suitability for statistical analysis. This process involved examining missing values, identifying potential outliers, assessing the normality of the data distribution, and verifying the assumptions required for regression analysis, including linearity, homoscedasticity, independence of residuals, and multicollinearity. Conducting these preliminary analyses enhances the validity and credibility of the subsequent statistical findings and ensures that the selected analytical techniques are appropriate for the characteristics of the collected data.
The study is based on 109 valid responses obtained from professionals working in the construction industry and related sectors. The respondents represent a wide range of managerial and technical positions, organizational backgrounds, educational qualifications, and professional experience levels. Such diversity provides a comprehensive perspective on the current level of AI adoption and organizational readiness within construction organizations and contributes to the robustness of the empirical findings.
To facilitate a logical presentation of the results, this chapter is organized into several sections. It begins by describing the demographic characteristics of the respondents, providing an overview of the study sample. This is followed by a descriptive analysis of the study variables to examine respondents' perceptions of AI adoption, organizational readiness, and project performance. The chapter then evaluates the validity and reliability of the research instrument before testing the assumptions underlying the statistical analyses. Finally, the research hypotheses are examined using appropriate inferential statistical techniques, including multiple regression and moderation analyses. The chapter concludes with a summary of the principal findings, which forms the basis for the discussion presented in Chapter Five.
4.1 Demographic Characteristics of the Respondents
The demographic characteristics of the respondents provide an essential overview of the composition of the study sample and establish the context for interpreting the empirical findings presented in this chapter. Examining the demographic profile enables the researcher to determine whether the collected data adequately represent the target population and whether the respondents possess the professional knowledge and organizational experience necessary to evaluate the adoption of Artificial Intelligence (AI) in construction project management.
Given that this study investigates the relationship between AI adoption, organizational readiness, and project performance, it is important that the respondents represent diverse professional backgrounds, varying levels of managerial responsibility, different organizational environments, and a broad range of practical experience. Such diversity strengthens the credibility of the findings by ensuring that the responses reflect multiple perspectives from professionals involved in the planning, execution, and management of construction projects.
A total of 109 valid questionnaires were retained for analysis after data screening. The respondents comprised project managers, project directors, engineers, consultants, and other construction professionals working in organizations of different sizes and sectors. Their educational qualifications, years of professional experience, and levels of familiarity with AI technologies provide additional evidence regarding the suitability of the sample for addressing the objectives of the present study.
The demographic variables were analyzed using descriptive statistical measures, specifically frequencies and percentages. These statistics provide a concise summary of the respondents' characteristics and facilitate an assessment of the representativeness of the study sample. The findings are presented in two tables. The first summarizes the respondents' professional characteristics, while the second presents their organizational and educational characteristics.

Table 4.1
Professional Characteristics of the Respondents (n = 109)

	Variable
	Category
	Frequency
	Percentage (%)

	Job Position
	Project Manager
	30
	27.5

	
	Project Director
	16
	14.7

	
	Project Engineer
	17
	15.6

	
	Site Engineer
	11
	10.1

	
	Other Professional Roles
	35
	32.1

	Years of Professional Experience
	0–5 Years
	8
	7.3

	
	5–10 Years
	15
	13.8

	
	10–15 Years
	19
	17.4

	
	15–20 Years
	34
	31.2

	
	More than 20 Years
	33
	30.3

	Experience with AI Technologies
	Beginner
	43
	39.4

	
	Intermediate
	39
	35.8

	
	Expert
	8
	7.3

	
	Interested in Learning AI
	19
	17.4









Interpretation
Table 4.1 demonstrates that the study sample is composed of professionals occupying a wide range of managerial and technical positions within construction organizations. Approximately one-third of the respondents held project management positions, while the remainder represented senior management, engineering, and other professional roles. This distribution ensures that the study incorporates perspectives from individuals responsible for both strategic decision-making and day-to-day project execution, thereby enhancing the breadth of the empirical evidence.
The respondents also possessed substantial professional experience. More than three-fifths of the participants reported over fifteen years of experience in the construction industry, indicating that the majority have extensive exposure to project management practices, organizational processes, and technological developments. Such experience is particularly valuable for evaluating AI adoption because respondents are likely to have witnessed the evolution of digital technologies within their organizations and can therefore provide informed assessments of their impact on project performance.
With respect to AI experience, most respondents identified themselves as having beginner or intermediate knowledge, while a smaller proportion reported expert-level experience. This distribution reflects the current state of AI adoption within the construction industry, where awareness and implementation are increasing, but advanced expertise remains limited. The presence of respondents interested in learning AI further suggests a positive inclination toward digital transformation and emerging technologies.













Table 4.2
Organizational and Educational Characteristics of the Respondents (n = 109)

	Variable
	Category
	Frequency
	Percentage (%)

	Industry Sector
	Construction
	53
	48.6

	
	Project Management
	30
	27.5

	
	Consultancy
	18
	16.5

	
	Information Technology
	6
	5.5

	
	Artificial Intelligence
	2
	1.8

	Organization Size
	Less than 10 Employees
	10
	9.2

	
	10–50 Employees
	19
	17.4

	
	50–100 Employees
	23
	21.1

	
	100–1000 Employees*
	31
	28.4

	
	More than 1000 Employees
	26
	23.9

	Educational Qualification
	Bachelor's Degree
	72
	66.1

	
	Master's Degree
	32
	29.4

	
	Doctoral Degree
	4
	3.7

	
	Student
	1
	0.9



Interpretation
The organizational and educational characteristics presented in Table 4.2 further demonstrate the appropriateness of the study sample. Nearly half of the respondents were employed directly within the construction sector, while the remaining participants represented project management, consultancy, information technology, and AI-related organizations. This multidisciplinary composition is particularly valuable because AI adoption in construction projects often requires collaboration among professionals from technical, managerial, and digital disciplines.
The respondents also represented organizations of varying sizes, ranging from small enterprises to large organizations employing more than one thousand personnel. This diversity enhances the applicability of the findings by ensuring that the study captures perspectives from organizations with different levels of resources, technological capability, and organizational maturity.
Finally, the educational profile indicates that the respondents were highly qualified, with more than 95% holding bachelor's or postgraduate degrees. Such a high level of educational attainment increases confidence in the quality of the responses, as participants are expected to possess the knowledge and professional competence required to evaluate AI adoption, organizational readiness, and project performance objectively.
Overall, the demographic analysis confirms that the study sample is well suited to address the objectives of the research. The respondents represent experienced and well-qualified professionals from diverse organizational contexts, providing a robust empirical foundation for the descriptive and inferential analyses presented in the subsequent sections of this chapter.


4.2 Descriptive Analysis of the Study Variables
This section presents the descriptive analysis of the main study variables, namely Artificial Intelligence (AI) Adoption, Organizational Readiness, and Project Performance. The purpose of this analysis is to describe the respondents' perceptions of the study variables by examining the arithmetic mean, standard deviation, relative importance, and ranking of each dimension. These statistical measures provide a clear picture of the respondents' opinions and attitudes toward the variables investigated in this study.
The descriptive analysis was conducted using the Statistical Package for the Social Sciences (SPSS). The arithmetic mean was used to determine the average level of respondents' agreement with each statement, while the standard deviation was used to assess the consistency of the responses. Relative importance was calculated by converting the mean score into a percentage to facilitate comparison among the study variables. Finally, the variables were ranked according to their mean scores to identify the dimensions receiving the highest and lowest levels of agreement.
4.2.1 Descriptive Analysis of Artificial Intelligence Adoption
Artificial Intelligence Adoption represents the independent variable of this study. It was measured using ten questionnaire items (B1–B10) that assess the extent to which AI technologies are adopted and utilized within construction project management.

Table 4.3
Descriptive Statistics of Artificial Intelligence Adoption (n = 109)

	Code
	Mean
	Standard Deviation
	Relative Importance (%)
	Rank
	Level of Agreement

	B1
	2.72
	1.19
	54.5
	8
	Moderate

	B2
	2.65
	1.27
	53.0
	10
	Moderate

	B3
	2.71
	1.29
	54.1
	9
	Moderate

	B4
	2.82
	1.33
	56.3
	4
	Moderate

	B5
	2.84
	1.23
	56.9
	2
	Moderate

	B6
	2.78
	1.25
	55.6
	5
	Moderate

	B7
	2.83
	1.30
	56.5
	3
	Moderate

	B8
	2.75
	1.23
	55.0
	7
	Moderate

	B9
	2.91
	1.31
	58.2
	1
	Moderate

	B10
	2.78
	1.22
	55.6
	5
	Moderate

	Overall AI Adoption
	2.78
	1.26
	55.6
	—
	Moderate


Interpretation
Table 4.3 indicates that the overall mean score for Artificial Intelligence Adoption was 2.78 (SD = 1.26), corresponding to a moderate level of agreement. This finding suggests that AI technologies have been adopted to a moderate extent within the participating construction organizations. Among the individual items, B9 recorded the highest mean score (M = 2.91, RI = 58.2%), indicating relatively stronger agreement regarding organizational investment in AI technologies. Conversely, B2 recorded the lowest mean score (M = 2.65, RI = 53.0%), suggesting that respondents perceived project scheduling and resource allocation through AI as the least developed aspect of AI adoption. Overall, the results indicate that AI implementation is progressing within the construction sector; however, its adoption remains at an intermediate stage and has not yet reached a high level of organizational maturity.
4.2.2 Descriptive Analysis of Organizational Readiness
Organizational Readiness was measured using ten questionnaire items (C1–C10) representing the technical, organizational, and human capabilities required to support successful AI implementation.
Table 4.4
Descriptive Statistics of Organizational Readiness (n = 109)

	Code
	Mean
	Standard Deviation
	Relative Importance (%)
	Rank
	Level of Agreement

	C1
	2.87
	1.35
	57.4
	1
	Moderate

	C2
	2.72
	1.21
	54.3
	7
	Moderate

	C3
	2.74
	1.28
	54.9
	5
	Moderate

	C4
	2.74
	1.45
	54.9
	5
	Moderate

	C5
	2.72
	1.38
	54.5
	7
	Moderate

	C6
	2.72
	1.31
	54.5
	7
	Moderate

	C7
	2.81
	1.32
	56.1
	4
	Moderate

	C8
	2.82
	1.28
	56.3
	3
	Moderate

	C9
	2.86
	1.26
	57.2
	2
	Moderate

	C10
	2.72
	1.25
	54.3
	7
	Moderate

	Overall Organizational Readiness
	2.77
	1.31
	55.4
	—
	Moderate



Interpretation
The descriptive statistics presented in Table 4.4 show that Organizational Readiness achieved an overall mean score of 2.77 (SD = 1.31), reflecting a moderate level of readiness among the participating organizations. The highest-rated item was C1 (M = 2.87, RI = 57.4%), indicating comparatively stronger perceptions regarding the availability of technological infrastructure to support AI implementation. In contrast, several items (C2, C5, C6, and C10) shared the lowest ranking, suggesting that system compatibility, management support, leadership encouragement, and financial resource allocation require further improvement. Overall, the findings suggest that while organizations possess a reasonable foundation for AI implementation, additional efforts are required to strengthen organizational preparedness across technical, managerial, and human dimensions.
4.2.3 Descriptive Analysis of Project Performance
Project Performance represents the dependent variable of the study and was measured using ten questionnaire items (D1–D10) assessing the perceived contribution of AI technologies to project outcomes.
Table 4.5
Descriptive Statistics of Project Performance (n = 109)
	Code
	Mean
	Standard Deviation
	Relative Importance (%)
	Rank
	Level of Agreement

	D1
	2.71
	1.35
	54.1
	6
	Moderate

	D2
	2.69
	1.24
	53.8
	9
	Moderate

	D3
	2.76
	1.31
	55.2
	3
	Moderate

	D4
	2.71
	1.26
	54.1
	6
	Moderate

	D5
	2.72
	1.30
	54.5
	5
	Moderate

	D6
	2.69
	1.29
	53.8
	9
	Moderate

	D7
	2.73
	1.37
	54.7
	4
	Moderate

	D8
	2.70
	1.36
	53.9
	8
	Moderate

	D9
	2.83
	1.30
	56.5
	1
	Moderate

	D10
	2.77
	1.39
	55.4
	2
	Moderate

	Overall Project Performance
	2.73
	1.32
	54.6
	—
	Moderate




Interpretation
Table 4.5 shows that the overall mean score for Project Performance was 2.73 (SD = 1.32), indicating a moderate level of perceived project performance associated with AI adoption. The highest-rated item was D9 (M = 2.83, RI = 56.5%), suggesting that respondents perceived client satisfaction as the project outcome most positively influenced by AI implementation. Conversely, D2 and D6 received the lowest mean scores (M = 2.69), indicating comparatively weaker perceptions regarding AI's contribution to reducing project cost overruns and improving monitoring accuracy. Overall, the findings suggest that respondents recognize the positive contribution of AI to project performance; however, these benefits are currently perceived at a moderate level, indicating opportunities for further enhancement through broader AI adoption and stronger organizational readiness.

















4.3 Validity and Reliability of the Research Instrument
The validity and reliability of the research instrument were assessed before conducting the inferential statistical analyses to ensure that the questionnaire accurately measured the intended constructs and produced consistent and dependable results. Establishing the psychometric properties of the instrument is a fundamental step in quantitative research, as it enhances the credibility of the empirical findings and provides assurance that the collected data are appropriate for testing the proposed research hypotheses.
The research instrument was designed to measure three principal constructs: Artificial Intelligence (AI) Adoption, Organizational Readiness, and Project Performance. Prior to the field survey, the questionnaire underwent face and content validity assessment through expert review, as discussed in Chapter Three. Following data collection, construct validity and internal consistency reliability were evaluated using the responses obtained from the study sample (n = 109).
Construct validity was assessed using the Pearson Item–Total Correlation, which examines the relationship between each questionnaire item and the total score of its respective construct. Reliability was assessed using Cronbach's Alpha coefficient to determine the internal consistency of the questionnaire items. All statistical analyses were performed using the Statistical Package for the Social Sciences (SPSS).
4.3.1 Construct Validity
Construct validity refers to the extent to which the questionnaire items accurately measure the theoretical construct they are intended to represent. In this study, construct validity was evaluated by calculating the Pearson correlation coefficient between each questionnaire item and the total score of its corresponding construct.
A statistically significant positive correlation indicates that the questionnaire item contributes effectively to measuring the intended construct. According to accepted statistical guidelines, Item–Total Correlation coefficients greater than 0.30 are considered acceptable, while coefficients exceeding 0.50 indicate strong construct validity.
Table 4.6
Construct Validity Results (Item–Total Correlation)

	Construct
	Number of Items
	Item–Total Correlation
	Significance Level
	Decision

	Artificial Intelligence Adoption
	10
	All coefficients > 0.30
	p < 0.05
	Valid

	Organizational Readiness
	10
	All coefficients > 0.30
	p < 0.05
	Valid

	Project Performance
	10
	All coefficients > 0.30
	p < 0.05
	Valid


The results presented in Table 4.6 indicate that all questionnaire items achieved positive and statistically significant correlations with the total score of their respective constructs. The obtained Item–Total Correlation coefficients exceeded the minimum acceptable criterion of 0.30, confirming that each item contributed meaningfully to measuring its intended construct. Consequently, all questionnaire items were retained for the subsequent statistical analyses, providing evidence that the research instrument possesses satisfactory construct validity.

4.3.2 Reliability Analysis
Reliability refers to the degree of consistency with which the questionnaire measures the study constructs. In this research, internal consistency reliability was evaluated using Cronbach's Alpha coefficient, which is one of the most widely accepted indicators of reliability in social science research.
Cronbach's Alpha values range from 0 to 1, with higher values indicating greater internal consistency among the questionnaire items. Generally, values of 0.70 or higher indicate acceptable reliability, values above 0.80 indicate good reliability, and values exceeding 0.90 indicate excellent internal consistency.



Table 4.7
Cronbach's Alpha Reliability Coefficients

	Construct
	Number of Items
	Cronbach's Alpha
	Reliability Level

	Artificial Intelligence Adoption
	10
	0.940
	Excellent

	Organizational Readiness
	10
	0.912
	Excellent

	Project Performance
	10
	0.972
	Excellent

	Overall Questionnaire
	30
	0.965
	Excellent


The reliability analysis demonstrates that all three constructs achieved Cronbach's Alpha coefficients exceeding the recommended threshold of 0.70, indicating satisfactory internal consistency. The results confirm that the questionnaire items consistently measure their respective constructs and that the instrument provides reliable and stable measurements. Furthermore, the overall reliability coefficient for the complete questionnaire indicates a high degree of consistency across all thirty measurement items.
Based on the results of the construct validity and reliability analyses, the research instrument is considered statistically valid and reliable for measuring Artificial Intelligence Adoption, Organizational Readiness, and Project Performance. Accordingly, the collected data are suitable for the subsequent assumption testing and hypothesis testing presented in the following sections of this chapter.












4.4 Testing the Assumptions of Statistical Analysis
Before testing the research hypotheses, the assumptions underlying the statistical analyses employed in this study were examined to ensure the suitability of the collected data for parametric statistical techniques. Verifying these assumptions enhances the validity and reliability of the statistical findings and ensures that the selected analytical procedures are appropriate for the dataset.
The assumptions examined included normality, multicollinearity, and the independence of residuals. These diagnostic tests were conducted using the Statistical Package for the Social Sciences (SPSS), and the results are presented in the following subsections.
4.4.1 Normality Test
The normality of the study variables was assessed using the skewness and kurtosis statistics. According to commonly accepted statistical guidelines, skewness and kurtosis values within the range of ±2 indicate that the data are approximately normally distributed and suitable for parametric statistical analyses.
Table 4.8
Normality Test Results

	Study Variable
	Skewness
	Kurtosis
	Decision

	Artificial Intelligence Adoption
	0.237
	-0.597
	Normally Distributed

	Organizational Readiness
	0.234
	-0.482
	Normally Distributed

	Project Performance
	0.146
	-1.029
	Normally Distributed


The results presented in Table 4.8 indicate that the skewness and kurtosis values for all study variables fall within the acceptable range of ±2. Therefore, the assumption of normality was satisfied, confirming that the study data are appropriate for subsequent parametric statistical analyses.
4.4.2 Multicollinearity Test
Multicollinearity was assessed using the Tolerance and Variance Inflation Factor (VIF) statistics. Generally, tolerance values greater than 0.10 and VIF values below 10 indicate that multicollinearity is not a serious concern in regression analysis.
Table 4.9
Multicollinearity Diagnostics
	Predictor Variable
	Tolerance
	VIF

	Artificial Intelligence Adoption
	0.069
	14.567

	Organizational Readiness
	0.069
	14.567


The multicollinearity diagnostics indicate a strong association between Artificial Intelligence Adoption and Organizational Readiness, as reflected by the low tolerance values and relatively high VIF values. This result suggests that the two predictor variables share a substantial proportion of common variance. Since Organizational Readiness is examined as a moderating variable in this study, this issue will be addressed during the moderation analysis by employing the recommended statistical procedures for interaction models. Therefore, the reported multicollinearity does not prevent further hypothesis testing but should be considered when interpreting the regression coefficients.
4.4.3 Independence of Residuals
The independence of residuals was examined using the Durbin–Watson statistic. Values between 1.50 and 2.50 indicate that the residuals are independent and that autocorrelation is not present.
Table 4.10
Durbin–Watson Test
	Test Statistic
	Value
	Decision

	Durbin–Watson
	2.142
	Independent Residuals


The obtained Durbin–Watson statistic of 2.142 falls within the recommended range, indicating that the residuals are independent and that the assumption of independence of errors has been satisfied.
Overall, the results of the diagnostic tests demonstrate that the study data satisfy the assumptions of normality and independence of residuals. Although the predictor variables exhibit a relatively high degree of association, this issue will be appropriately addressed during the moderation analysis. Consequently, the dataset is considered suitable for the inferential statistical analyses and hypothesis testing presented in the following sections.


























4.5 Hypothesis Testing
This section presents the statistical testing of the research hypotheses in the order established in the previous chapters. Regression analysis was employed to examine the proposed relationships among the study variables. The hypotheses were tested at the 0.05 significance level. For each hypothesis, the statistical test used, significance level, statistical results, statistical decision, and a brief statistical interpretation are presented.
4.5.1 Testing Hypothesis One (H1)
H1: Artificial Intelligence Adoption has a statistically significant positive effect on Project Performance.
Statistical Test: Simple Linear Regression
Significance Level (α): 0.05
Table 4.12
Regression Results for Hypothesis One

	Statistic
	Value

	R
	0.679

	R²
	0.461

	Adjusted R²
	0.455

	F-value
	91.332

	Sig. (F)
	< 0.001

	Beta (B)
	0.784

	t-value
	9.557

	Statistical Decision
	Supported


The regression analysis revealed a statistically significant positive effect of Artificial Intelligence Adoption on Project Performance (B = 0.784, t = 9.557, p < 0.001). The model explained 46.1% of the variance in Project Performance. Therefore, Hypothesis One is supported.

4.5.2 Testing Hypothesis Two (H2)
H2: Artificial Intelligence Adoption has a statistically significant positive effect on Organizational Readiness.
Statistical Test: Simple Linear Regression
Significance Level (α): 0.05
Table 4.13
Regression Results for Hypothesis Two

	Statistic
	Value

	R
	0.693

	R²
	0.480

	Adjusted R²
	0.475

	F-value
	98.683

	Sig. (F)
	< 0.001

	Beta (B)
	0.666

	t-value
	9.934

	Statistical Decision
	Supported


The regression results indicate that Artificial Intelligence Adoption has a statistically significant positive effect on Organizational Readiness (B = 0.666, t = 9.934, p < 0.001). The model explained 48.0% of the variance in Organizational Readiness. Accordingly, Hypothesis Two is supported.

4.5.3 Testing Hypothesis Three (H3)
H3: Organizational Readiness has a statistically significant positive effect on Project Performance.
Statistical Test: Simple Linear Regression
Significance Level (α): 0.05
Table 4.14
Regression Results for Hypothesis Three

	Statistic
	Value

	R
	0.490

	R²
	0.240

	Adjusted R²
	0.233

	F-value
	33.865

	Sig. (F)
	< 0.001

	Beta (B)
	0.590

	t-value
	5.819

	Statistical Decision
	Supported


The analysis demonstrates that Organizational Readiness has a statistically significant positive effect on Project Performance (B = 0.590, t = 5.819, p < 0.001). The model explained 24.0% of the variance in Project Performance. Therefore, Hypothesis Three is supported.

4.5.4 Testing Hypothesis Four (H4)
H4: Organizational Readiness moderates the relationship between Artificial Intelligence Adoption and Project Performance.
Statistical Test: Hierarchical Multiple Regression (Moderation Analysis)
Significance Level (α): 0.05
To examine the moderating effect, the independent variable and moderating variable were mean-centered before constructing the interaction term (Artificial Intelligence Adoption × Organizational Readiness). The interaction term was then entered into the regression model.
Table 4.15
Moderation Analysis Results for Hypothesis Four

	Statistic
	Value

	R²
	0.473

	Adjusted R²
	0.458

	F-value
	31.380

	Sig. (F)
	< 0.001

	Interaction Coefficient (β)
	-0.113

	t-value
	-1.510

	Sig. (Interaction)
	0.134

	Statistical Decision
	Not Supported


The overall regression model was statistically significant (F = 31.380, p < 0.001). However, the interaction term between Artificial Intelligence Adoption and Organizational Readiness was not statistically significant (β = -0.113, t = -1.510, p = 0.134). Therefore, Organizational Readiness does not significantly moderate the relationship between Artificial Intelligence Adoption and Project Performance. Accordingly, Hypothesis Four is not supported.













4.6 Regression Model Analysis
Following the hypothesis testing presented in the previous section, this section evaluates the regression models used in the study to explain the causal relationships among the study variables. The regression analysis focuses on the explanatory power of the models, the magnitude of the regression coefficients, and the statistical significance of the relationships between Artificial Intelligence Adoption, Organizational Readiness, and Project Performance.
The regression models were estimated using the Statistical Package for the Social Sciences (SPSS). The explanatory power of each model was assessed using the coefficient of determination (R²) and the adjusted coefficient of determination (Adjusted R²), while the significance of each model was evaluated using the F-test. The regression coefficients were examined to determine the magnitude and direction of the relationships among the variables.
4.6.1 Model 1: Artificial Intelligence Adoption and Project Performance
Table 4.16
Summary of Regression Model 1
	Indicator
	Value

	R
	0.679

	R²
	0.461

	Adjusted R²
	0.455

	Standard Error
	0.472

	F-value
	91.332

	Significance
	< 0.001


The first regression model explains 46.1% of the variance in Project Performance. The regression model is statistically significant (F = 91.332, p < 0.001), indicating that Artificial Intelligence Adoption provides substantial explanatory power for predicting Project Performance.

4.6.2 Model 2: Artificial Intelligence Adoption and Organizational Readiness
Table 4.17
Summary of Regression Model 2
	Indicator
	Value

	R
	0.693

	R²
	0.480

	Adjusted R²
	0.475

	Standard Error
	0.438

	F-value
	98.683

	Significance
	< 0.001


The second regression model explains 48.0% of the variance in Organizational Readiness. The model is statistically significant and demonstrates that Artificial Intelligence Adoption is an important predictor of Organizational Readiness.

4.6.3 Model 3: Organizational Readiness and Project Performance
Table 4.18
Summary of Regression Model 3
	Indicator
	Value

	R
	0.490

	R²
	0.240

	Adjusted R²
	0.233

	Standard Error
	0.565

	F-value
	33.865

	Significance
	< 0.001



The third regression model explains 24.0% of the variance in Project Performance. The model is statistically significant, indicating that Organizational Readiness contributes positively to predicting Project Performance.

4.6.4 Moderation Regression Model
To examine the moderating role of Organizational Readiness, an interaction term between Artificial Intelligence Adoption and Organizational Readiness was incorporated into the regression model.
Table 4.19
Summary of the Moderation Regression Model
	Indicator
	Value

	R²
	0.473

	Adjusted R²
	0.458

	F-value
	31.380

	Model Significance
	< 0.001

	Interaction Coefficient (β)
	-0.113

	Interaction Significance
	0.134



The moderation regression model was statistically significant overall and explained 47.3% of the variance in Project Performance. However, the interaction effect between Artificial Intelligence Adoption and Organizational Readiness was not statistically significant (p = 0.134), indicating that Organizational Readiness does not significantly modify the relationship between Artificial Intelligence Adoption and Project Performance.
[bookmark: _GoBack]Overall, the regression analysis demonstrates that Artificial Intelligence Adoption and Organizational Readiness individually exert significant positive effects on Project Performance. Nevertheless, the interaction between these variables was not statistically significant, indicating that Organizational Readiness does not strengthen or weaken the effect of Artificial Intelligence Adoption on Project Performance within the study sample.

4.7 Chapter Summary
This chapter presented the analysis of the data collected from the study participants to examine the relationships among Artificial Intelligence Adoption, Organizational Readiness, and Project Performance in construction project management. The statistical analyses were conducted using the Statistical Package for the Social Sciences (SPSS), employing both descriptive and inferential statistical techniques in accordance with the research objectives and hypotheses.
The chapter commenced with a description of the demographic characteristics of the respondents, followed by a descriptive analysis of the study variables using the mean, standard deviation, relative importance, and level of agreement. The findings indicated a moderate level of Artificial Intelligence Adoption, Organizational Readiness, and Project Performance among the participating organizations.
Subsequently, the reliability and validity of the research instrument were confirmed, demonstrating that the questionnaire possessed satisfactory psychometric properties for measuring the study constructs. The assumptions required for regression analysis were also examined, and the diagnostic tests confirmed that the data were suitable for the statistical analyses employed in the study.
The correlation analysis revealed statistically significant positive relationships among the study variables. Artificial Intelligence Adoption was positively associated with both Organizational Readiness and Project Performance, while Organizational Readiness also exhibited a positive relationship with Project Performance. These findings provided preliminary empirical support for the proposed conceptual framework.
The hypothesis testing results indicated that Artificial Intelligence Adoption has a statistically significant positive effect on Project Performance and Organizational Readiness. Furthermore, Organizational Readiness was found to have a statistically significant positive effect on Project Performance. However, the moderation analysis indicated that the interaction effect between Artificial Intelligence Adoption and Organizational Readiness was not statistically significant. Consequently, the proposed moderating role of Organizational Readiness in the relationship between Artificial Intelligence Adoption and Project Performance was not supported by the study data.
Overall, three of the four proposed hypotheses were supported, while one hypothesis concerning the moderating effect of Organizational Readiness was not supported. These findings provide the empirical basis for addressing the research objectives and answering the research questions established in the earlier chapters.
The following chapter discusses these findings in relation to the existing literature, theoretical framework, and previous empirical studies. It also highlights the theoretical and practical implications of the results, identifies the study's limitations, and presents recommendations for future research.









































































[bookmark: _Toc192248688]9. Key recommendations to enhance the application of artificial intelligence
Based on the results of the analysis, the study proposes a set of recommendations to enhance the adoption of artificial intelligence in project management in the Kingdom of Saudi Arabia:

· Develop training and qualification programs for project management professionals to provide them with the necessary skills to use artificial intelligence technologies.
· Motivate companies to invest in artificial intelligence by providing financial and tax incentives.
· Improving the regulatory and legal framework to ensure the safe and ethical use of artificial intelligence in project management.
· Enhancing cooperation between the public and private sectors in research and development to keep pace with the latest trends in artificial intelligence technology.

[bookmark: _Toc192248689]10. Future implications of using artificial intelligence in project management
The study expects that the continuous development of artificial intelligence technologies will lead to radical changes in the field of project management in the coming years. Intelligent robotics, advanced forecasting systems, and fully automated technologies are likely to become an integral part of project management processes, improving process efficiency and reducing human error. These technologies will also enable project managers to focus on strategic aspects rather than traditional administrative tasks.
 
[bookmark: _Toc192248690]Conclusion
Based on the analysis, it is clear that AI represents a huge opportunity to improve project management in Saudi Arabia, 
The research find that There is a growing awareness and interest in the potential of AI to enhance project management practices within organizations in the KSA. 
This is likely driven by the Kingdom's Vision 2030 initiatives, but it requires significant investments in training and infrastructure. 
Organizations need to adopt effective strategies to overcome challenges and ensure maximum benefit from smart technologies. Despite the obstacles, the government’s strong drive towards digital transformation, coupled with rapid developments in the field of artificial intelligence, makes the adoption of these technologies in project management a matter of time rather than choice. 
The study highlights the enormous potential of AI in project management in the Kingdom, but it also points to the need to address the challenges associated with implementing these technologies. 
Linking this study to the previous studies, we find their harmonization about using the AI and the positive effects and results that will be gained, a lot of protentional development, cost saving and time saving can be captured. 
If the proposed recommendations are implemented, AI is expected to play a key role in achieving the goals of Saudi Vision 2030 and enhancing the competitiveness of the Saudi economy in the future. 
It can be said that the use of AI in project management in Saudi Arabia represents a strategic step towards improving efficiency and effectiveness. Stakeholders should promote a culture of adopting modern technologies and move towards developing training programs that suit market needs.
Government and private companies should also enhance cooperation with advanced technology companies to develop customized solutions that address local challenges. The study also recommends the establishment of a central platform for the exchange of knowledge and expertise in this field, which contributes to enhancing innovation and the sustainability of future projects.
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