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CHAPTER ONE: INTRODUCTION
1.1 Background of the Study
Construction is a major contributor to economic and social development, providing the physical infrastructure needed for housing, transport, utilities, healthcare, education, commerce, tourism, and industry. At the same time, construction work is fragmented and highly dependent on information exchanged between many parties. As a result, project performance is formed not only by technical execution, but also by how quickly and effectively decisions are made during the project lifecycle (Darko et al., 2020; Abioye et al., 2021).
In spite of advances in project management, construction projects still face familiar problems such as delay, cost overrun, rework, quality nonconformance, safety incidents, inefficient resource use, fragmented information, and slow approval processes. These continual difficulties have encouraged researchers to examine AI, digital twins, computer vision, and other data-driven project-control tools as possible forms of decision support in the built environment (Akinosho et al., 2020; Opoku et al., 2021; Pan & Zhang, 2021).
Artificial intelligence is increasingly relevant to construction because it can analyze substantial datasets, detect patterns, forecast likely outcomes, automate repetitive analytical work, and interpret both visual and textual information. Reported construction applications include delay prediction, cost forecasting, progress assessment, safety monitoring, document analysis, design coordination, and resource planning (Fang et al., 2020; Wu et al., 2022; Adebayo et al., 2025).
These capabilities do not create value on their own. A system may flag a possible delay, cost deviation, material shortage, quality problem, or safety risk, but the project benefits only if people understand the information, trust it, communicate it to the right parties, obtain the required approvals, and act on it. Efficiency in decision-making is therefore an important part of the link between AI adoption and project performance (Holzmann et al., 2022; Song et al., 2025).
Against this background, the present study examines the relationship between artificial intelligence, construction project performance, and decision-making effectiveness among construction professionals in Saudi Arabia. The national setting is especially relevant because Vision 2030 places strong emphasis on digital transformation and large-scale development, while SDAIA promotes national capabilities in data and AI together with accountable data governance (Saudi Vision 2030, 2025; Saudi Data & AI Authority, 2026).

1.2 Problem Statement
Construction projects are carried out under conditions of uncertainty, changing site requirements, multidisciplinary coordination, and high cost, quality, and safety consequences. Project teams usually rely on schedules, cost reports, progress records, procurement logs, risk registers, quality documents, safety observations, BIM models, and monitoring systems. Even with these tools, decisions can be delayed when information is incomplete, outdated, or spread among different teams and platforms.
Many project-management processes still depend on manual reporting, individual experience, and information that reaches decision-makers after a delay. This becomes a problem when on-site conditions change quickly or when several disciplines must coordinate simultaneously. In such situations, weak or delayed decisions can lead to rework, poor asset allocation, unresolved technical issues, delayed materials, safety risks, and reduced overall performance.
AI may help address some of these weaknesses via predictive analytics, automated monitoring, risk identification, data integration, and decision-support functions. Its use, however, does not guarantee better project outcomes. Poor data quality, limited skills, resistance to change, weak management support, unclear governance, and low user faith can all reduce the value of AI-supported tools (Regona et al., 2022; Adebayo et al., 2025). The research problem is therefore not simply whether AI is available, but whether its use is associated with better project performance and more efficient decisions across construction functions.
Accordingly, this study tackles a practical evidence gap: construction organizations need clearer evidence about the extent to which AI contributes to project performance and decision-making effectiveness among professionals working among different disciplines in Saudi construction projects.

1.3 Significance of the Study
1.3.1 Theoretical Significance
From a theoretical perspective, the study brings AI adoption, decision making efficiency, and construction project performance into a single framework. It also treats AI as part of a human and organizational process rather than as a stand-alone technical solution. This is important because AI outputs still require interpretation, communication, approval, implementation, and professional accountability.

1.3.2 Practical Significance
From a practical perspective, the study considers AI use beyond planning and cost control. The questionnaire includes site monitoring, procurement, material tracking, quality, safety, productivity, subcontractor monitoring, resource use, and management decisions. The resulting evidence may therefore be relevant to contractors, consultants, project managers, engineers, procurement and cost teams, QA/QC personnel, and HSE professionals.
1.3.3 Policy and Educational Significance
The study also has policy and educational relevance. Its findings may inform training that combines AI awareness with project-management knowledge, data interpretation, decision making skills, and ethical responsibility. They may also help universities and professional bodies identify the AI-related capabilities that construction professionals increasingly need.
1.3 Research Objectives
General Objective: To examine the impact of artificial intelligence on construction project performance and decision-making effectiveness among construction professionals in Saudi Arabia.
1. Assess the perceived level of AI adoption and use in construction project planning, execution, monitoring, procurement, quality, safety, and management.
2. Examine the perceived impact of AI on construction project performance indicators such as time, cost, quality, safety, productivity, resources, material availability, and subcontractor monitoring.
3. Examine the perceived impact of AI on decision process efficiency, including decision speed, accuracy, data analysis, alternative comparison, risk response, and problem solving.
4. Identify key challenges affecting AI adoption in construction projects, including knowledge, resistance to change, data quality, management support, and moral concerns.
5. Examine whether AI is perceived as an assisting tool for specialists and project managers rather than a replacement for professional judgment.
     6.    Provide practical recommendations for effective AI adoption in construction project management.
1.5 Research Questions
1.  How is AI perceived and adopted in construction projects by different professional groups?
2.  How does AI affect construction project performance across time, cost, quality, safety, productivity, resources, procurement, and site execution?
3.  How does AI affect decision-making efficiency in construction projects?
4.  What challenges may limit the effective use of AI in construction projects?
5.  Do construction professionals perceive AI as a support tool or as a replacement for engineers and project managers?
6.  What recommendations can improve the use of AI in construction project management?
1.6 Research Hypotheses
· H1: Artificial intelligence adoption has a statistically significant positive relationship with construction project performance.
· H2: Artificial intelligence adoption has a statistically significant positive relationship with decision-making effectiveness.
· H3: Efficiency of decision-making has a statistically significant positive relationship with construction project performance.
· H4: AI-related challenges have a statistically significant effect on the perceived efficiency of AI adoption in construction projects.
· H5: Construction professionals significantly agree that AI supports engineers and project managers rather than fully replacing them.
Table 1.1 Study Variables and Roles
	Variable
	Role
	Principal Dimensions

	Artificial Intelligence Adoption
	Independent variable
	Planning, execution, monitoring, risk identification, reporting, coordination, data accuracy

	Construction Project Performance
	Dependent variable
	Time, cost, quality, safety, productivity, resource allocation, procurement/material tracking, subcontractor monitoring

	Decision-Making Efficiency
	Dependent / mediating analytical variable
	Speed, accuracy, data analysis, alternative comparison, risk response, problem solving, evidence-based decisions

	Challenges of AI
	Contextual factor
	Knowledge, resistance, data quality, management support, privacy, human-AI relationship



Table 1.2 Alignment of Objectives, Questions, Hypotheses, and Questionnaire Sections
	Objective
	Research Question
	Hypothesis
	Questionnaire Items

	AI adoption level
	RQ1
	Descriptive
	Q7–Q14 and demographic AI questions

	AI and performance
	RQ2
	H1
	Q7–Q24

	AI and decision-making efficiency
	RQ3
	H2
	Q7–Q14 and Q25–Q34

	DME and performance
	RQ2/RQ3
	H3
	Q15–Q34

	AI challenges
	RQ4
	H4
	Q35–Q40 and Q42

	AI support vs replacement
	RQ5
	H5
	Q40 and Q43



1.7 Scope and Boundaries of the Study
· Subject boundary: The study centers on AI applications in construction project management and their effect on project performance and decision-making effectiveness. It does not study the technical programming of AI algorithms.
· Geographical boundary: The study concentrates on construction projects in the Kingdom of Saudi Arabia.
· Temporal boundary: The primary data collection was conducted during 2026.
· Human boundary: The study includes construction professionals such as project managers, planning engineers, site engineers, construction engineers, procurement engineers, cost control engineers, QA/QC engineers, HSE engineers, consultants, contractors, and other project-related professionals.
· Unit of analysis: The individual construction professional is the unit of analysis. Each respondent provides one assessment based on current or recent experience in construction projects.

1.8 Definition of Key Terms
· Artificial Intelligence: Computer-based tools or systems that analyze data, locate patterns, forecast outcomes, automate activities, interpret images or text, identify risks, generate recommendations, or support project decisions.
· Construction Project Performance: The degree to which a construction project attains performance targets related to time, cost, quality, safety, productivity, resources, materials, and project coordination.
· Decision-Making Effectiveness: The ability of project professionals to make timely, accurate, evidence-based, and implementable decisions using available information and resources.
· AI Adoption: The extent to which AI-supported tools are used or accepted in project planning, execution, monitoring, reporting, risk identification, and coordination.
· Construction Professionals: Individuals involved in construction planning, execution, procurement, cost control, quality, safety, consultancy, contracting, or project management.
1.9 Chapter Summary
Chapter One established the context for the study by presenting the background, research problem, significance, objectives, questions, hypotheses, scope, and key terms. It also clarified why project performance cannot be assessed solely through planning and cost control: decisions made during site execution, procurement, quality, safety, resource management, and other disciplines are also part of the overall construction performance.
CHAPTER TWO: LITERATURE REVIEW AND CONCEPTUAL FRAMEWORK
2.1 Introduction
This chapter examines the literature on artificial intelligence in construction, decision-making efficiency, and construction project performance. It also sets out the theoretical basis and conceptual framework used in the study. Particular attention is given to recent research and to the idea that the value of AI in construction depends on the interaction between technology, people, and professional decision-making.
2.2 Artificial Intelligence in Construction Projects
In this study, AI refers broadly to computational methods that can learn from data, recognize patterns, interpret images or language, forecast outcomes, compare alternatives, automate processes, or support decisions. Within construction, these capabilities can be connected to project-control systems, BIM, digital twins, drones, sensors, cloud platforms, document-management systems, and reporting tools.
The range of possible applications is wide. During planning, AI can support schedule forecasting, delay prediction, resource leveling, and early warning. During execution, it can assist with progress measurement, productivity analysis, equipment monitoring, safety-risk identification, and defect detection. Procurement applications include material tracking, supplier analysis, long-lead monitoring, and delivery-risk forecasting, while quality and safety applications include inspection support, nonconformance analysis, PPE monitoring, and hazard recognition.
Existing research generally reports potential improvements in forecasting, monitoring, reporting, decision support, safety, cost control, and resource efficiency. These benefits are conditional, however. They depend on factors such as data quality, user competence, organizational readiness, trust, governance, and the ability of project teams to act on the information produced. For that reason, AI is more appropriately examined as part of a socio-technical project system than as software operating in isolation.
Table 2.1 Principal AI Technologies and Construction Applications
	Technology
	Core Capability
	Construction Applications

	Machine learning
	Learns patterns from historical or current data
	Cost and duration prediction, productivity forecasting, risk classification

	Deep learning
	Models complex nonlinear relationships
	Image recognition, defect detection, safety monitoring

	Computer vision
	Interprets images and video
	Progress measurement, PPE detection, quality inspection

	Natural language processing
	Analyzes and summarizes text
	Contract review, report summarization, document searching

	Expert / fuzzy systems
	Applies rules under uncertainty
	Risk evaluation, prioritization, compliance support

	Optimization algorithms
	Compares alternatives under constraints
	Scheduling, resources, logistics, cost-time trade-offs

	Generative AI
	Generates text, summaries, alternatives, and explanations
	Report drafting, knowledge access, document interrogation



2.3 Decision-Making Efficiency in Construction Projects
Decision-making is continuous throughout a construction project. Project professionals make choices about design coordination, construction methods, procurement priorities, subcontractor performance, resources, cost, schedule, quality, safety, risk, and stakeholder requirements. These choices are also connected: a decision intended to accelerate progress, for example, can have consequences for cost, quality, or safety.
For the purposes of this study, efficient decision-making refers to decisions that are timely, accurate, informed, practical, and capable of being implemented. Speed by itself is not sufficient; a quick decision may still be unsafe or incorrect. The opposite is also true: an accurate decision may have little value if it comes too late. Efficiency therefore involves balancing available information, analysis, professional judgment, approval time, implementation, and follow-up.
AI can assist this process by reducing manual data handling, identifying deviations earlier, comparing options, forecasting risks, and providing evidence for action. Human judgment nevertheless remains essential because construction decisions often involve contractual consequences, site context, safety responsibility, ethical considerations, stakeholder interests, and professional accountability (Holzmann et al., 2022; Song et al., 2025).
2.4 Construction Project Performance
Construction project performance cannot be represented by a single measure. Cost, time, and quality remain central indicators, but contemporary project performance also includes safety, productivity, resource efficiency, stakeholder coordination, technology use, and sustainability. The present study therefore uses a wider set of indicators to assess performance among different construction disciplines.
Cost performance includes budget control, cost deviation, variation management, and efficient use of financial resources. Time performance concerns progress, milestone achievement, delay reduction, and response to schedule deviation. Quality performance covers compliance with specifications, defect reduction, and rework control, while safety performance relates to hazard identification, safe behavior, incident prevention, and compliance. Operational performance also depends on manpower, materials, equipment, productivity, and subcontractor monitoring.

2.5 Relationships Among the Study Variables
The expected relationship among the main variables is clear. When AI is used effectively, it can strengthen monitoring, prediction, risk identification, reporting accuracy, resource allocation, material tracking, quality control, and safety awareness. Access to better and faster information may also reduce uncertainty in decision-making. On this basis, the study expects higher AI adoption to be associated with stronger project performance and more efficient decisions.
At the same time, implementation conditions can weaken these relationships. Poor data may produce unreliable outputs, resistance to change can limit actual use, and weak management support can prevent a tool from being embedded in daily work. Confidentiality and ethical concerns may also restrict the data available for analysis. The study therefore treats AI-related challenges as a contextual factor when interpreting adoption and project outcomes.

2.6 Previous Studies and Critical Analysis
Recent literature shows growing interest in AI-enabled construction and project management, but the evidence is uneven. A substantial part of the research concentrates on technical applications or literature reviews rather than primary data from professionals representing several construction disciplines within one national setting. The present study fills this gap by surveying construction professionals in Saudi Arabia and examining the relationships among AI adoption, decision-making efficiency, project performance, and AI-related challenges.
Table 2.2 Summary and Comparison of Previous Studies
	Study
	Focus
	Method / Context
	Relevance to Current Study

	Abioye et al. (2021)
	AI in construction industry
	Review of AI applications, opportunities, and challenges
	Supports the need to study AI benefits and barriers in construction.

	Pan and Zhang (2021)
	AI in construction engineering and management
	Critical review and future trends
	Shows AI applications in prediction, optimization, computer vision, and digital transformation.

	Regona et al. (2022)
	AI opportunities and adoption challenges
	PRISMA review
	Identifies barriers such as skills, governance, cost, and data limitations.

	Holzmann et al. (2022)
	Project managers’ expectations from AI
	Delphi study
	Supports the human-AI collaboration perspective in project management.

	Taboada et al. (2023)
	AI-enabled project management
	Systematic literature review
	Links AI to project-performance domains and decision support.

	Adebayo et al. (2025)
	AI in construction project management
	Structured literature review
	Identifies AI applications, benefits, challenges, and future trends in construction project management.

	Song et al. (2025)
	AI adoption and decision-making
	Empirical study based on technology acceptance
	Supports the relationship between AI adoption, decision-making efficiency, and organizational performance.



2.7 Theoretical Framework
The theoretical framework draws on socio-technical systems thinking, technology acceptance logic, and decision support concepts. A socio-technical perspective assumes that technology creates value through its interaction with people, workflows, organizational structures, data, and governance. From this perspective, AI in construction is not simply a software tool; it functions within a project system that includes engineers, project managers, site teams, cost and commercial teams, quality and safety personnel, suppliers, and those responsible for approvals and decisions.
Technology-acceptance logic adds a user perspective: professionals are more likely to adopt a tool when they consider it useful, understandable, and relevant to their work. Decision-support concepts, meanwhile, explain how information systems can improve managerial choices by structuring data, comparing alternatives, forecasting outcomes, and reducing uncertainty. Taken together, these ideas support the study's focus on AI adoption, decision-making efficiency, and construction project performance.
2.8 Conceptual Framework and Model Development
The conceptual framework indicates that AI adoption is related to both construction project performance and decision making efficiency. It also proposes a relationship between decision-making efficiency and project performance, because the quality and timing of decisions guide outcomes in time, cost, quality, safety, resources, procurement, and site execution. AI-related challenges are included as implementation factors that may shape the success of AI use in practice.
Figure 2.1 Conceptual Framework of the Study
	AI Adoption
	→
	Decision-Making Efficiency

	↓
	
	↓

	Construction Project Performance
	←
	AI Challenges / Implementation Context



2.9 Research Gap and Contribution of the Current Study
The research gaps identified in the literature are summarized in Table 2.3, along with how the present study handles them. The comparison links the literature review to the questionnaire and the following statistical analysis, and shows the specific contextual and methodological contribution sought in the Saudi construction setting.
Table 2.3 Research Gaps and Current Study Response
	Gap
	Limitation in Existing Literature
	Current Study Response

	Theoretical
	AI is often treated independently from people and work processes.
	Applies a socio-technical explanation integrating AI, professional decisions, and performance.

	Decision mechanism
	Decision-making is described as a benefit but rarely tested as a distinct outcome.
	Measures decision-making efficiency as a main variable linked to AI adoption.

	Empirical
	Many studies are reviews or technical algorithm evaluations.
	Collects primary quantitative data from construction professionals.

	Contextual
	Limited integrated evidence from Saudi construction projects.
	Tests the complete model in Saudi Arabia.

	Measurement
	Performance is often narrowly measured.
	Uses multidimensional measures for AI, DME, CPP, and AI challenges.

	Population
	Some studies focus on one discipline or department.
	Includes multiple engineering and project-related professions.



2.10 Expanded Functional Review of AI Applications in Construction
To examine the literature in a way that reflects how construction projects actually operate, the following review is organized by project function. AI can influence different performance dimensions using different mechanisms, so separating planning, cost, procurement, quality, safety, document control, BIM coordination, and decision-making helps clarify where its potential contribution rests.
2.10.1 AI in Planning, Scheduling, and Progress Forecasting
Planning and scheduling are natural areas for AI application because construction programs are affected by activity logic, procurement readiness, resource availability, site access, and approval cycles. Conventional scheduling tools are effective at representing sequence and duration, but interpretation and updating still depend heavily on people. AI-supported planning can complement this process through analyzing historical and current data, identifying recurring delay patterns, forecasting slippage, and flagging problems before they become critical.
Planning-related AI in this study is therefore broader than automated schedule generation. It includes early alerts for material delays, risk-based look-ahead planning, labor productivity forecasting, interpretation of progress photographs, and comparison of planned and actual progress. This wider view matters because schedule performance is influenced by design decisions, procurement, subcontractors, inspections, safety constraints, and site logistics. The relationship between AI and performance is consequently treated as multidisciplinary rather than as a scheduling issue alone.
2.10.2 AI in Cost Control, Procurement, and Resource Optimization
Construction cost performance is affected by many interacting factors, including quantity growth, productivity loss, rework, material escalation, change orders, subcontractor claims, equipment use, and procurement delay. AI-supported cost control may help teams identify unusual trends, compare actual and budgeted costs, forecast final cost, and focus management attention on packages that are beginning to deviate. The practical benefit is earlier visibility, rather than relying solely on retrospective monthly reporting.
Procurement is closely connected to the same decision process. Long-lead items, vendor performance, purchase-order status, submittal approvals, delivery risk, and material availability all affect site progress. AI can support prioritization of procurement risks, classification of vendor documents, identification of missing information, and assessment of how late procurement may influence schedule and cost. This is particularly relevant to large Saudi infrastructure and mixed-use projects, where complicated supply chains can directly affect time, cost, and resource performance.
2.10.3 AI in Quality, Safety, and Site Monitoring
Quality and safety deserve separate attention because failures in either area can affect cost, schedule, reputation, and worker wellbeing. Computer vision applications can use images, video, cameras, and drones to flag unsafe behavior, missing personal protective equipment, congested work areas, differences in progress, or visible defects. Such systems are best viewed as an additional monitoring layer rather than a substitute for safety officers, engineers, or inspectors.
AI may also support quality management through defect classification, inspection records, nonconformance analysis, document review, and the reuse of lessons learned. Earlier identification of quality problems can reduce rework and improve compliance with project specifications. Even so, outputs still need to be checked against the project's technical and contractual conditions. This supports the human-AI position adopted in the thesis: better information can strengthen professional judgment, but responsibility for final decisions remains with competent professionals and established management systems.
2.10.4 AI, BIM, Document Control, and Information Integration
Construction projects generate considerable amounts of information in schedules, BIM models, drawings, RFIs, submittals, inspection requests, daily reports, progress photographs, cost reports, procurement logs, and risk registers. Decision-making becomes more difficult when these sources are fragmented among departments or platforms. AI can assist by classifying documents, extracting pertinent information, identifying inconsistencies, and presenting project information in a form that is easier for decision-makers to use.
When combined with BIM, AI may support design coordination, clash prioritization, quantity extraction, progress verification, and handover documentation. Natural-language processing can also assist with RFIs, contracts, meeting minutes, and technical correspondence. These applications are directly related to decision-making efficiency because good decisions depend not only on speed, but also on whether the information being used is accurate, complete, and accessible. Improvements in information quality may therefore contribute indirectly to better project performance.
2.10.5 Human-AI Collaboration in Construction Projects
A recurring theme in the literature is that AI should be treated as part of a socio-technical working arrangement, not as an independent replacement for professional expertise. Construction decisions require an understanding of site conditions, contractual obligations, design intent, stakeholders' expectations, safety duties, and reasonable constraints. AI may process certain types of information faster than people, but it does not carry professional responsibility or interpret organizational and site-specific priorities in the same way as an experienced practitioner.
This is why the study includes a specific question and hypothesis on whether AI is viewed as a support tool rather than a replacement for engineers and project managers. The issue has practical and ethical consequences for adoption. Professionals who see AI primarily as a threat may be less willing to use it, whereas those who see it as a decision-support tool may be more open to adopting it into routine project management work.
2.10.6 Implementation Challenges and Readiness Requirements
Several barriers can limit AI adoption in construction, including gaps in technical knowledge, inconsistent data quality, disconnected digital systems, resistance to change, uncertain governance, cybersecurity issues, and weak management support. Data quality is especially important because the usefulness of an AI output depends on the information used to produce it. Incomplete, outdated, or biased inputs can lead to recommendations that create additional risk rather than better decisions.
Readiness therefore involves more than acquiring software. Organizations need well-defined objectives, trained users, agreed data standards, governance arrangements, privacy controls, pilot testing, and a way to measure performance. Taking into account these concerns, the survey includes an AI Challenges construct covering knowledge, resistance, data quality, management support, privacy, and the perceived role of AI in supporting people.
Table 2.4 Expanded AI Applications across Construction Project Functions
	Project Function
	AI Applications
	Expected Contribution to Performance
	Human Oversight Requirement

	Planning and scheduling
	Delay prediction, look-ahead risk alerts, progress forecasting
	Earlier corrective action and improved schedule control
	Planner validates logic, constraints, and recovery plan

	Cost control
	Cost trend detection, estimate forecasting, variance explanation
	Improved cost awareness and budget control
	Cost team validates assumptions and contract implications

	Procurement
	Vendor-document classification, material delay alerts, long-lead tracking
	Reduced procurement surprises and stronger material availability
	Procurement team evaluates suppliers and commercial decisions

	Quality management
	Defect recognition, nonconformance trend analysis, inspection support
	Lower rework and stronger compliance with specifications
	QA/QC team confirms technical acceptability

	Safety management
	Computer-vision monitoring, hazard pattern detection, safety observations
	Better risk identification and faster safety interventions
	HSE team confirms hazards and corrective actions

	Document control and reporting
	RFI/submittal classification, report summarization, correspondence analysis
	Faster information retrieval and improved decision evidence
	Project team reviews accuracy and confidentiality

	BIM and coordination
	Clash prioritization, quantity support, progress comparison
	Improved coordination and reduced design-related disruption
	Design and construction teams validate constructability


Table 2.4 brings these functional areas together by linking AI applications with the project functions they serve, the performance contribution expected from each application, and the level of human monitoring required. The comparison reflects the study's position that AI can support several aspects of construction management, but its practical value depends on validation, governance, and integration with present workflows.
2.11 Critical Synthesis of Previous Studies
Viewed together, the previous studies show that AI in construction cannot be reduced to a single technical application. The literature spans predictive analytics, computer vision, automation, digital project management, decision support, adoption barriers, and human-machine collaboration. Each stream contributes useful evidence, but each also leaves unanswered questions that support the need for the present survey.
Predictive-analytics research demonstrates the potential of AI to improve forecasting and provide earlier warnings. Yet a forecast has little operational value unless a project team can interpret it and decide what to do next. This limitation helps explain why Decision-Making Efficiency is included as a central variable in the present research: useful signals must lead to timely, accurate, and implementable action.
Computer-vision and automation studies likewise show promising results for site monitoring, quality inspection, and safety observation. Many of these studies, however, are technical demonstrations or pilot applications. They may establish that an algorithm can identify an object, defect, or unsafe act, without examining in detail how contractors, consultants, engineers, or project managers use that information at the organizational level to improve project outcomes.
Research on digital project management and AI-enabled management tools often reports benefits in reporting, decision support, and risk management. A limitation is that some of this work covers project management in general rather than the construction environment specifically. Construction projects have temporary organizations, extensive subcontracting, changing site conditions, physical progress constraints, approval procedures, technical inspections, and contractual claims. These characteristics make the sector a distinct setting for AI adoption.
Another group of studies focuses on adoption barriers, including limited knowledge, resistance to change, weak data quality, insufficient management support, and ethical concerns. These factors matter because a technically capable system can still fail to create value if the organization is not ready to use it. The present thesis therefore measures AI Challenges separately, rather than assuming that adoption will automatically produce better outcomes.
The literature also generally supports a complementary relationship between AI and human expertise. Engineers and project managers remain responsible for technical judgment, coordination, safety, accountability, and stakeholder negotiation. This supports the study's question on whether AI is seen as assisting or replacing professionals and explains the inclusion of both a direct survey item and an open-ended question on the issue.


Table 2.5 Critical Literature Synthesis by Theme
	Literature Theme
	What the Literature Shows
	Limitation in Prior Studies
	How the Current Study Responds

	Predictive analytics
	AI can forecast delay, cost trends, risk events, and productivity patterns.
	Many studies focus on prediction accuracy rather than organizational decision use.
	Tests how AI Adoption relates to Decision-Making Efficiency and Performance.

	Computer vision and site monitoring
	AI can identify visible progress, defects, unsafe conditions, and site deviations.
	Technical studies may not measure wider project-management performance.
	Measures multidimensional performance including quality, safety, productivity, and monitoring.

	AI-enabled project management
	AI can support reporting, dashboards, risk analysis, and decision support.
	Some studies are general and not construction-specific.
	Uses primary data from construction professionals in Saudi Arabia.

	Adoption and implementation barriers
	Skills, data quality, resistance, cost, privacy, and governance affect AI value.
	Barriers are often discussed qualitatively without linking them to performance.
	Measures AI Challenges as a contextual construct.

	Human-AI collaboration
	AI can support but not fully replace professional judgment.
	The replacement/support question is often discussed conceptually.
	Tests the supportive role through survey items and open-ended responses.

	Saudi and regional context
	Digital transformation and large projects create a strong need for AI-supported management.
	Limited primary evidence from multidisciplinary Saudi construction professionals.
	Collects survey responses from professionals working in Saudi construction projects.


Table 2.5 summarizes this synthesis and shows how limitations identified in previous research were translated into measurement choices in the questionnaire. In this way, the literature review, research gap, and statistical analysis remain connected rather than being treated as separate parts of the study.
2.12 Recent Literature and Integrated Evidence
Recent reviews indicate that research on AI in construction has moved beyond isolated algorithm development toward practical applications in planning, monitoring, safety, quality, cost, resources, and management decision support (Darko et al., 2020; Akinosho et al., 2020; Abioye et al., 2021; Pan & Zhang, 2021). This broader direction is relevant to the present thesis because project performance is examined across several dimensions rather than through a single technical function.
The applications of AI are broader than predictive scheduling and cost control. Work on computer vision and deep learning points to uses in safety observation, image-based activity recognition, progress monitoring, and interpretation of site conditions. At the same time, researchers note that these benefits depend on the availability of data, model reliability, and integration with actual site workflows (Fang et al., 2020; Guo et al., 2021; Rehman et al., 2022). These findings are consistent with the questionnaire's coverage of time, cost, quality, safety, productivity, resources, materials, and subcontractor monitoring.
Text-based applications are becoming more important as construction projects produce large volumes of reports, drawings, contracts, submittals, RFIs, correspondence, and inspection records. Research on natural-language processing demonstrates the potential to extract meaning from unstructured construction text, while more recent work on generative AI points to document querying, knowledge retrieval, and decision support as emerging uses that still require careful validation and governance (Wu et al., 2022; Ghimire et al., 2023; Taiwo et al., 2024).
Digital-twin research adds another perspective by connecting real-time data with simulation, monitoring, and forecasting. In construction, digital twins may support progress control and lifecycle decision-making, but their effectiveness depends on data integration, interoperability, organizational readiness, and clear performance measures (Opoku et al., 2021). This is consistent with the socio-technical view adopted in the present study, in which technology is only one part of the system that produces value.
Research in project management similarly suggests that AI can assist planning, forecasting, reporting, risk analysis, communication, and decision-making. These developments also change the skills expected from project teams. The literature emphasizes that efficiency and information quality may improve, while project managers still remain responsible for interpreting outputs, managing stakeholders, and making accountable decisions (Holzmann et al., 2022; Taboada et al., 2023; Project Management Institute, 2024; Salimimoghadam et al., 2025).
Implementation difficulties appear consistently across the literature. Resistance to change, limited skills, poor data quality, fragmented systems, uncertain return on investment, ethical concerns, privacy, and trust can all reduce the practical value of AI. These recurring issues informed the AI Challenges construct used in the survey (Regona et al., 2022; Emaminejad & Akhavian, 2022; Liang et al., 2023; Saudi Data & AI Authority, 2023).
The Saudi setting makes these questions particularly relevant. Vision 2030 gives digital transformation a prominent role within national development, and the national data and AI agenda places increasing emphasis on data-driven capabilities. AI adoption in Saudi construction can therefore be examined not only as a technology issue, but also as a question of project performance, governance, and professional capability within a wider transformation program (Saudi Vision 2030, 2025; Saudi Data & AI Authority, 2026).
The empirical model is also consistent with recent technology acceptance research. Where professionals consider a technology useful, and the organization provides the conditions needed to apply it, adoption is more likely to translate into practical outcomes. Decision-making efficiency is consequently a suitable component of the model because decision speed, accuracy, alternative comparison, risk response, and evidence-based problem-solving are the points at which information generated by AI translates into action on a project (Song et al., 2025).
Taken together, the literature provides the basis for the relationships examined in this study. It establishes the main areas in which AI may contribute to construction performance, the conditions that can limit that contribution, and the role of professional decision-making in converting information into project action. This synthesis supports the relationships represented in the conceptual framework.
Table 2.6 Integrated Evidence from Recent Literature
	Reference Group
	Relevance to the Study
	Implication for the Current Study

	AI in construction reviews
	Darko et al. (2020); Akinosho et al. (2020); Abioye et al. (2021); Pan and Zhang (2021); Adebayo et al. (2025)
	AI applications cover many construction functions, so the thesis measures performance broadly rather than limiting the topic to planning only.

	Safety, vision, and progress monitoring
	Fang et al. (2020); Guo et al. (2021); Rehman et al. (2022)
	Computer vision and automated monitoring may support safety and progress control, but human validation remains necessary.

	Digital twins and data integration
	Opoku et al. (2021)
	Digital twin value depends on real-time data quality, interoperability, and decision-oriented use.

	AI-enabled project management
	Holzmann et al. (2022); Taboada et al. (2023); PMI (2024); Salimimoghadam et al. (2025)
	AI may improve planning and decision support, while project managers remain responsible for judgment and stakeholder coordination.

	Adoption barriers and ethics
	Regona et al. (2022); Emaminejad and Akhavian (2022); Liang et al. (2023); SDAIA (2023)
	Trust, privacy, ethics, skills, resistance, and data governance are implementation requirements, not secondary issues.

	Methodology and research ethics
	Saunders et al. (2019); Wang and Cheng (2020); Yusof et al. (2022)
	The quantitative cross-sectional design and questionnaire process require transparent reporting, informed participation, and cautious interpretation.

	Saudi context
	Saudi Vision 2030 (2025); SDAIA (2026)
	The Saudi construction environment is suitable for studying AI because national transformation increasingly depends on digital and data-driven capabilities.


2.13 Chapter Summary
Chapter Two reviewed the main applications of AI in construction, the barriers to adoption, the meaning of decision-making efficiency, and the multidimensional nature of project performance. It also compared previous studies, established the research's socio-technical basis, and developed the conceptual model. Overall, the literature points to a need for primary evidence from Saudi construction professionals on the relationships among AI adoption, decision-making efficiency, project performance, and implementation challenges.
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