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Definition of Key Terms
To ensure conceptual clarity and consistency throughout the study, the following key terms
are operationally defined:
1. Artificial Intelligence (AI):
A branch of computer science concerned with building systems that can simulate
human intelligence, including learning, reasoning, decision-making, and prediction.
In this study, Al refers specifically to tools used in facility management to enhance
operational performance, such as predictive maintenance algorithms, machine
learning analytics, and real-time data processing.
Smart Facility Management (SFM):
The use of integrated digital technologies, including Al IoT, and cloud computing,
to automate, monitor, and optimize facility-related functions. SFM in this research
includes systems like CAFM (Computer-Aided Facility Management), CMMS
(Computerized Maintenance Management Systems), and IWMS (Integrated
Workplace Management Systems).
Operational Excellence:
A strategic outcome representing optimal efficiency, reliability, and cost-
effectiveness in operations. It involves streamlining processes, minimizing
downtime, and enhancing service delivery in hospital facilities.
Predictive Maintenance (PdM):
A data-driven maintenance strategy that uses Al and sensors to forecast equipment
failures before they occur. It helps reduce downtime, prevent unexpected
breakdowns, and extend the lifespan of hospital assets.
Asset Lifecycle Management:
A systematic approach to managing the entire lifecycle of an asset—from
acquisition and usage to decommissioning—aiming to maximize value and
minimize operational risk. In healthcare FM, it includes monitoring the health and
performance of medical and infrastructure assets.
Computer-Aided Facility Management (CAFM):
A software-based solution that helps facility managers plan, execute, and monitor

tasks such as space management, maintenance, energy use, and compliance with
safety standards.

CMMS (Computerized Maintenance Management System):

A database-driven tool that supports scheduling, tracking, and analyzing

maintenance activities to ensure consistent equipment uptime and safety in clinical
environments.

IWMS (Integrated Workplace Management System):

A unified software platform that integrates multiple FM functions including space




planning, asset management, maintenance, and sustainability tracking within a
single digital ecosystem.
Strategic Decision-Making:

The process of making long-term, high-impact decisions in alignment with
organizational goals. In this context, it includes how Al-enhanced FM systems
provide managers with reliable data to support evidence-based, timely decisions.

. Vision 2030 (Saudi Arabia):

A national strategic framework that emphasizes digital transformation, operational

efficiency, sustainability, and innovation across all sectors, including healthcare
infrastructure.
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Abstract

This study explores how Artificial Intelligence (Al) can be strategically integrated into
Smart Facility Management Systems (SFMS) to improve operational outcomes in private
hospitals across Saudi Arabia. With growing pressure to reduce costs, ensure infrastructure
sustainability, and optimize performance, Al-based tools are increasingly being adopted to
support hospital facility operations.

Using a mixed-methods approach, this research combines data from 106 structured

questionnaires and qualitative interviews conducted with facility managers, biomedical
engineers, and healthcare decision-makers. The study examines how Al-driven FM systems
impact predictive maintenance, decision-making processes, energy efficiency, and asset
lifecycle management.

The results indicate a strong association between Al system maturity and both operational
and strategic improvements in hospital FM. However, challenges such as limited digital
readiness, training gaps, and system integration issues remain. The study offers practical
insights for hospital leaders and policymakers to support the modernization of
infrastructure in line with Saudi Vision 2030, contributing to the broader understanding of
digital transformation in healthcare facility management.

Keywords: Artificial Intelligence, Smart Facility Management, Operational Excellence,
Predictive Maintenance, Healthcare Infrastructure, Sustainability, Digital Transformation,
Saudi Arabia




Chapter One



1.1 Introduction:

In recent years, the role of facility management (FM) in healthcare has expanded beyond
routine support functions to become a key component of operational strategy. This shift is
particularly evident in hospitals, where the reliability of infrastructure has a direct impact
on patient safety and service continuity. Within Saudi Arabia, the government’s Vision 2030
initiative has accelerated the modernization of hospital facilities, with an emphasis on
digital transformation.

Hospital FM now covers a wide scope, including maintenance, energy use, safety
standards, and environmental control. As technologies such as Artificial Intelligence (Al),
the Internet of Things (IoT), and data analytics advance, FM practices are evolving into
Smart Facility Management Systems (SFMS). These systems are designed to support

predictive maintenance, monitor critical assets, and provide data for operational planning.

The use of Al in FM introduces new opportunities, especially in healthcare settings where
infrastructure failures can impact patient care. By analyzing data in real time, Al tools can
detect early warning signs, improve energy efficiency, and assist hospital managers in
making informed decisions. This transition from reactive to proactive facility operations
may reduce service interruptions and extend asset life.

Despite these opportunities, many private hospitals in Saudi Arabia have not fully adopted
Al technologies in non-clinical operations. FM departments often lack integration with
broader hospital strategies, which can lead to inefficiencies and additional operational
costs. Furthermore, academic research on Al applications in hospital FM within the Saudi
context remains limited.

This study aims to address this gap by assessing how Al can be effectively integrated into
Smart FM systems in private healthcare institutions in Saudi Arabia. It examines the
potential impact on cost control, asset management, and planning processes, offering
practical recommendations aligned with the goals of Vision 2030.




1.2 Problem Statement:

The healthcare sector is known for its complexity and high demand for resources, requiring
continuous improvements in both clinical and non-clinical operations. Among these,
Facility Management (FM) plays a growing role in supporting hospital performance
through effective maintenance, energy use, safety, and emergency preparedness. In Saudi
Arabia, national goals under Vision 2030 emphasize digital transformation and sustainable
infrastructure, creating new expectations for FM departments to adopt advanced
technologies.

However, many hospitals still operate using outdated or reactive FM models that are not
aligned with strategic goals. Smart Facility Management Systems (SFMS), which offer
automation and real-time monitoring, are often present but underutilized. Their potential
can be significantly enhanced through Artificial Intelligence (Al), which introduces
capabilities such as predictive maintenance, automated fault detection, and data-driven
planning.

Despite Al’s successful use in clinical applications, its integration into hospital facility
operations, especially in the MENA region, has not been well documented. Many FM units
remain disconnected from executive-level strategies, limiting their ability to contribute to
cost savings, efficiency, and long-term sustainability.

This issue is especially relevant in Saudi private hospitals, where financial constraints and
regulatory requirements continue to increase. Without smart, Al-enabled FM systems,
hospitals may face frequent breakdowns, high energy consumption, and rising operational
costs.

Therefore, this study focuses on the lack of strategic integration between Al and FM
systems in healthcare. It aims to examine how advanced FM technologies can move beyond
routine operations to support executive decision-making, enhance asset management, and
contribute to achieving the goals of Vision 2030.

1.3 Significance of the Study:

This study explores the role of Artificial Intelligence (Al) in enhancing Smart Facility
Management (SFM) systems within healthcare settings. As hospitals adopt digital
technologies to improve service quality and operational performance, understanding the
practical applications of Al in facility operations becomes increasingly important. In the
context of Saudi Arabia’s Vision 2030, which emphasizes innovation and sustainability, this
research is particularly relevant. It offers insights that can support healthcare planners,
facility managers, and policymakers in adopting Al-driven approaches that align with
national goals.




1.3.1 Scientific Significance:
From an academic perspective, this study contributes to the limited body of literature
addressing Al in hospital infrastructure and facility management, particularly in emerging
markets such as the Middle East. While Al has been extensively applied in clinical fields,
its use in supporting non-clinical hospital operations is still developing. This research
provides a structured model that links facility performance with intelligent decision-support
tools, offering a foundation for future academic work on smart hospital infrastructure.
The study also draws upon multiple discipline engineering management, healthcare
administration, and information systems—providing a valuable resource for academic
programs and future research on digital transformation in healthcare. By focusing on
hospitals in Saudi Arabia, it adds region-specific

1.3.2 Practical Significance:
Practically, the study provides real-world guidance for healthcare institutions and FM
professionals seeking to modernize facility operations through Al It outlines how Al
technologies can help reduce costs, improve energy management, increase equipment
uptime, and support predictive maintenance strategies.
In addition, the study offers tools and recommendations to help hospitals plan and
implement digital infrastructure projects in line with Vision 2030. It also emphasizes the
importance of including FM departments in broader hospital planning and decision-making
processes. By doing so, facility management can play a more strategic role in enhancing
operational performance and long-term sustainability.

1.4 Research Objectives:
This study aims to examine the strategic integration of Artificial Intelligence (Al) into
Smart Facility Management Systems (SFMS) within private healthcare institutions in Saudi
Arabia. It seeks to assess how Al can help address current challenges in hospital operations,
particularly in improving maintenance practices, optimizing energy use, and enhancing
decision-making processes.

In light of the growing emphasis on sustainability, cost control, and operational efficiency,
the research also evaluates the organizational and technical readiness for adopting Al tools
in FM. The objectives outlined in this section form the basis for both the theoretical
framework and the empirical analysis conducted throughout the study.

1.4.1 Main Objective:
To investigate the strategic integration of Artificial Intelligence (AI) with Smart Facility
Management Systems (SFMS) in private healthcare institutions in Saudi Arabia, and to
evaluate their combined impact on operational excellence, decision-making efficiency, cost
optimization, asset sustainability, and alignment with the national Vision 2030 agenda.




1.4.2 Sub-Objectives:

To analyze the current state of Facility Management practices in private hospitals,
including the level of digital maturity and Al readiness.

To assess the potential of Al technologies (e.g., predictive analytics, machine
learning, intelligent automation) in enhancing maintenance strategies and
operational workflows.

To examine the relationship between FM efficiency and key performance indicators
(KPIs) such as cost reduction, energy usage, asset uptime, and patient safety.

To explore how integrating Al into FM systems supports strategic decision-making
at both executive and operational levels.

To identify the organizational, technical, and cultural barriers that hinder the
implementation of Al-powered FM in healthcare institutions.

To develop a conceptual framework that guides healthcare organizations in adopting
Al-driven FM practices aligned with Vision 2030 and sustainability goals.

To conduct an applied assessment using real data and case studies from Saudi
hospitals to validate the proposed framework’s practical applicability.

To propose policy recommendations and best practices that encourage smart
infrastructure investment, digital governance, and long-term asset performance.

To evaluate the role of data-driven FM systems in supporting evidence-based
decisions during healthcare crises (e.g., pandemics, power failures, mass casualty
events).

To assess how Al-enabled FM contributes to environmental sustainability in
hospitals through energy management, waste reduction, and smart water systems.
To explore staff readiness, training needs, and challenges in digital culture related to
Al integration in FM departments.

To analyze how Al in FM aligns with national health digital strategies and
international standards (e.g., ISO 41001, ASHE, ECRI).

These objectives form the analytical and empirical backbone of this research and directly
guide the formulation of research questions, hypothesis development, and data
interpretation throughout the study.

1.5 Research Questions

1.5.1 Main Research Question:
How does the strategic integration of Artificial Intelligence (AI) and Smart Facility
Management Systems (SFMS) impact operational excellence, decision-making efficiency,
and sustainability in private healthcare institutions in Saudi Arabia?




1.5.2 Sub-Questions:
What is the current level of digital maturity and Al readiness in Facility
Management operations within private hospitals?
How are Al technologies (e.g., predictive maintenance, machine learning, intelligent
automation) currently being utilized in FM functions in the healthcare sector?
To what extent does Al integration enhance the effectiveness and efficiency of
maintenance and asset management?
How does Al-driven FM contribute to reducing operational costs and improving
energy utilization?
What are the measurable impacts of Al integration on asset life cycle, downtime,
and equipment reliability?
In what ways does Al-supported FM facilitate better strategic and operational
decision-making for hospital executives?
What are the main technical, organizational, and cultural challenges associated with
implementing Al in FM in healthcare settings?
How does Al in FM align with national digital transformation agendas such as
Vision 2030 and healthcare innovation programs?
What is the role of Al-powered FM systems in improving patient safety and
infrastructure resilience during emergencies or system failures?

. How does staff readiness, training quality, and digital literacy affect the success of
Al integration in FM departments?

. What are the environmental implications of Al-driven FM in hospitals, particularly
in energy management and sustainability?

. How does the adoption of Al in FM correlate with compliance to international
standards (e.g., ISO 41001, ECRI, ASHE) and internal policy frameworks?

1.6 Research Hypotheses

This study aims to examine the relationship between the integration of Artificial
Intelligence (AI) and Smart Facility Management Systems (SFMS) and their impact on
operational excellence, strategic decision-making, and sustainability in private healthcare
institutions in Saudi Arabia.

1.6.1 Main Hypothesis (Ho):

Ho: There is no statistically significant impact of the strategic integration of Artificial
Intelligence (Al) and Smart Facility Management Systems (SFMS) on operational
excellence, decision-making efficiency, and sustainability in private healthcare institutions
in Saudi Arabia.

Hi: There is a statistically significant impact of the strategic integration of Al and SFMS on
operational excellence, decision-making efficiency, and sustainability in private healthcare
institutions in Saudi Arabia.




1.6.2 Sub-Hypotheses:

H1: The use of Al-powered predictive maintenance significantly reduces equipment
downtime and increases asset reliability.

H2: Al integration in FM leads to a measurable reduction in operational costs and
improved energy efficiency.

H3: The efficiency of FM operations positively correlates with improved patient safety
outcomes.

H4: Organizational culture and staft digital literacy significantly affect the success of Al
implementation in FM.

HS: Al adoption in FM supports long-term asset sustainability and lifecycle cost
optimization.

H6: Al-integrated FM contributes to environmental sustainability through smart resource
management (e.g., energy, water, and waste).

H7: Hospitals with Al-based FM systems demonstrate higher resilience and responsiveness
during emergencies or system disruptions.

H8: There is a statistically significant difference in operational performance between
hospitals using traditional FM and those using Al-integrated FM.

H9: Al adoption in FM aligns with Saudi Vision 2030 goals related to healthcare
innovation and digital transformation.

1.6.3 Scientific Theory Underpinning Research

This research is guided by an integrated theoretical foundation that synthesizes concepts
from Decision-Making Theory, Smart Systems Theory, and Asset Lifecycle Management
Theory, forming a comprehensive lens to understand the transformation of Facility
Management (FM) in the healthcare sector through Artificial Intelligence (Al):

1. Decision-Making Theory (Rational and Bounded Rationality

Models) This theory examines how organizations make decisions under
uncertainty and complexity. It emphasizes the relevance of structured, data-driven
processes in achieving optimal outcomes. In this study, it is used to assess how Al-
powered FM systems enable more informed, faster, and context-sensitive decisions
at both operational and strategic levels )Simon(1972 «(e.g., Simon, 1972).




2. Smart Systems Theory (Cyber-Physical Systems in FM) This theory
provides the technological foundation for smart infrastructure, focusing on the
integration between digital intelligence (AL, IoT, Big Data) and physical systems to
enable automation, real-time monitoring, and predictive analytics. It explains how

Al can convert FM from reactive to proactive, learning-based operations—citing
Lee’s work on CPS () Lee(2007 «)

. Asset Lifecycle Management Theory (ALM) This theory emphasizes the
long-term optimization of physical assets from acquisition through disposal. It is
particularly relevant for healthcare FM, where equipment reliability, cost efficiency,
and strategic alignment are critical. The study draws on Woodhouse’s perspective
on managing the full asset lifecycle for strategic benefit () Woodhouse <Asset
Management: Concepts & Best Practices(2003 ¢; )Woodhouse <Asset Management
Decision-Making: Tools and Techniques(2016 ¢

By integrating these theories, the study provides a comprehensive basis for evaluating both
the technical and organizational aspects of Al in facility management.

1.7 Research Model

The theoretical and conceptual framework guiding this research is grounded in a
multidisciplinary foundation, merging three core academic paradigms: Decision-Making
Theory, Smart Systems and Cyber-Physical Integration Theory, and Asset Lifecycle
Management (ALM). This combined framework supports an in-depth analysis of how Al
contributes to the efficiency, adaptability, and long-term value of FM system in the
:healthcare sector. The proposed model is structured around the following layers

1.7.1 Input Layer — Strategic Al Integration in FM Systems
This layer identifies the foundational enablers required for embedding Al within FM

operations. It includes:

e Al-driven predictive maintenance.

e loT-based infrastructure monitoring.

e Smart sensors and data analytics tools.
Integration with CMMS, CAFM, and IWMS platforms.
Alignment with national digital transformation strategies and standards (e.g.,
Vision 2030, ISO 41001, ECRI).




1.7.2 Process Layer — Core FM Functions Enhanced by Al
This layer represents the transformation of traditional FM into a smart, proactive, and data-
driven system:

e Maintenance optimization and fault prediction.

e Asset health diagnostics and lifecycle modeling.

e Real-time resource allocation (energy, space, personnel).
e Workflow automation and anomaly detection.

e Data-informed operational and strategic decisions.

1.7.3 Output Layer — Institutional and Strategic Outcomes
This layer focuses on the expected institutional outcomes resulting from AI-FM integration:

e Improved operational efficiency and responsiveness
Reduction in downtime and total cost of ownership
Enhanced safety, compliance, and regulatory performance
Support for long-term asset sustainability
Improved executive-level decision-making
Organizational resilience and agility
Alignment with sustainable healthcare goals and ESG metrics

1.7.4 Guiding Relationships (Hypothetical Paths):

H1-H9 (as defined in the hypotheses section) articulate measurable relationships
between AI-FM capabilities and institutional outcomes.

The model accounts for feedback mechanisms, where improved outcomes
contribute to the refinement and evolution of Al systems over time.

A conceptual diagram is provided to illustrate these layers and interdependencies.

1.7.5 Summary of Theoretical Foundations
This study is grounded in the following core theoretical frameworks:

o Decision-Making Theory: Al supports faster, data-informed decisions in
facility operations, reducing uncertainty and enhancing responsiveness.
Technology Acceptance Model (TAM): Explains how perceived usefulness
and ease of use influence staff adoption of Al-based systems.

Asset Lifecycle Management (ALM): Al-enabled FM helps optimize asset
performance, reduce costs, and extend equipment lifespan.

Cyber-Physical & Smart Systems Theory: Supports integration of digital
technologies (Al, IoT) with physical infrastructure to enable real-time, automated
environments.

Strategic Alignment Theory: Ensures AI-FM systems align with
organizational goals and national strategies such as Vision 2030.




1.8 Scope and Delimitations Study:

This study is purposefully scoped to examine the strategic convergence between Artificial
Intelligence (Al) technologies and Smart Facility Management (SFM) systems within the
mission-critical context of the healthcare sector in the Kingdom of Saudi Arabia. Given the
vital role that hospital infrastructure plays in patient outcomes and operational continuity,
the research aims to explore how Al-enabled FM systems drive operational excellence,
data-driven decision-making, cost efficiency, and asset sustainability.

1.8.1 Scope of the Study:
1.8.1.1 Sectoral Scope:

The study is confined to healthcare institutions, with a primary focus on private
and semi-governmental hospitals operating under evolving digital health mandates
and infrastructure modernization strategies in line with Saudi Vision 2030.
Hospitals selected must have adopted or are in the process of adopting smart FM
technologies (e.g., CAFM, CMMS, IWMS) or possess readiness for Al integration.

1.8.1.2 Technological Scope:
The research focuses exclusively on the healthcare sector, targeting private and
semi-governmental hospitals aligned with the digital transformation goals of Saudi
Vision 2030.
Included hospitals must have either implemented smart FM technologies (e.g.,
CAFM, CMMS, IWMS) or demonstrated readiness for Al integration in facility
operations.

1.8.1.3 Functional Scope:
The study investigates Al applications relevant to predictive maintenance,
infrastructure monitoring, fault diagnostics, energy optimization, and decision-
support dashboards.
It treats Al as an enabling infrastructure tool, emphasizing operational and strategic
impact over algorithmic development.

1.8.1.4 Geographical Scope:

The research is geographically limited to Saudi Arabia, considering its regulatory
environment (e.g., CBAHI, EHS), cultural dynamics, infrastructure maturity, and
digital healthcare policies.

1.8.1.5 Temporal Scope:

Data collection and analysis are confined to the 20242025 operational year,
providing a contemporary assessment of AI-FM integration strategies.




1.8.2 Delimitations of the Study:

1.8.2.1 Exclusion of Public Hospitals Without Digital FM
Platforms:

Hospitals without existing or emerging digital FM infrastructure are excluded to
maintain relevance and comparability across participants.

1.8.2.2 Exclusion of Algorithmic Development:

The study does not involve designing or testing Al algorithms but instead focuses
on evaluating the managerial and operational impact of existing Al technologies.

1.8.2.3 Sectoral Limitation:

Although parallels may exist in other industries (e.g., aviation, manufacturing),
the empirical scope is limited to the healthcare sector.

1.8.2.4 Managerial Perspective Focus:

The research prioritizes insights from hospital managers, FM directors, and digital
transformation leaders, excluding patient and frontline clinical perspectives.

1.8.2.5 Single-country Case Context:

e While the theoretical insights may have broader applicability, the empirical
foundation is grounded in the Saudi Arabian healthcare context, which may limit
global generalizability.

This clearly defined scope ensures methodological precision and contextual alignment with
Saudi Vision 2030. By concentrating on high-impact domains and stakeholders, the study
provides targeted insights for hospital administrators, FM professionals, and policymakers
seeking to accelerate digital transformation, operational resilience, and healthcare
sustainability.




1.9 Justification of Scope and Delimitation

The scope and delimitations of this study have been carefully selected to strike a balance
between academic rigor, contextual relevance, and practical applicability. By focusing on
digitally transforming hospitals within Saudi Arabia’s healthcare sector, the research
ensures alignment with Vision 2030 priorities while maintaining empirical coherence.
Although the study excludes algorithmic development and sectors beyond healthcare, this
focused design enhances the depth and quality of insights drawn from real-world
implementation scenarios.

These boundaries help maintain the study’s focus and relevance, making its findings more
applicable to hospital planning and policy development within Al-enabled healthcare
environments.




Chapter Two Literature Review &
Theoretical Framework




2.1 Introduction

This chapter provides an in-depth and structured examination of the existing academic and
professional literature surrounding Artificial Intelligence (Al) and Smart Facility
Management (SFM), particularly within the healthcare sector. The review serves as a
foundation to identify the conceptual underpinnings, technological evolutions, practical
implementations, and scholarly gaps that justify the need for the current study. Considering
Saudi Arabia’s Vision 2030 and the ongoing transformation in hospital infrastructure, this
chapter presents the theoretical and empirical context necessary for understanding how Al-
integrated FM systems contribute to operational excellence and strategic decision-making.

2.2 Theoretical Framework
The study draws upon theoretical perspectives from innovation, resource strategy, and
decision science to understand the adoption, implementation, and impact of Al in FM
within healthcare institutions.

2.2.1 Technology-Organization-Environment (TOE) Framework

Originally proposed by )Tornatzky(1990 ¢, the TOE framework is extensively used to
study technology adoption in organizational settings. In this study:
e Technology refers to Al tools, such as predictive analytics and real-time monitoring

embedded within FM systems.
Organization includes the hospital’s structural readiness, digital maturity, human
resource capability, and leadership alignment.
Environment encompasses regulatory pressures (e.g., CBAHI, MOH), market
competitiveness, and national strategic drivers like Vision 2030.

2.2.2 Resource-Based View (RBV)
As conceptualized by )Barney(1991 ¢), the RBV argues that competitive advantage stems
from the control and strategic use of rare and valuable resources. Here, Al-powered FM
systems are positioned as intangible strategic assets that support efficiency, sustainability,
and responsiveness, all of which are essential in healthcare facilities.

2.3 Decision Theory
Drawing from classical and bounded rationality models, this theory focuses on how
organizations make informed decisions under conditions of uncertainty. Al-enhanced FM

systems reduce cognitive load, improve situational awareness, and allow managers to act
on real-time, data-driven insights.
These three theoretical lenses collectively offer a robust framework to understand the

complex interaction between technology adoption and institutional outcomes in healthcare
FM.




2.4 Structure of the Literature Review
To synthesize the vast body of knowledge in a logical and comparative manner, the
literature review is divided into the following key thematic sections:

2.4.1 Digital Transformation in Healthcare Facility Management
e Evolution of healthcare infrastructure modernization.
e Role of digital health in supporting smart FM deployment.
e Implications of Vision 2030 in reshaping operational models.

2.4.2 Artificial Intelligence in FM: From Theory to Practice
Definitions and classifications of Al technologies relevant to FM.

Case studies of Al applications in hospital FM globally and regionally.
AT’s contribution to safety, sustainability, and resilience.

2.4.3 Overview of Smart FM Platforms: CAFM, CMMS, IWMS
Comparative analysis of digital FM systems.

Integration of Al into traditional FM platforms.

Challenges of interoperability and data governance.

2.4.4 Predictive Maintenance and Asset Management in Healthcare
Al-driven strategies to enhance reliability of critical assets.

Cost avoidance and lifecycle extension benefits.

Machine learning in fault detection and preventive actions.

2.4.5 AI and Strategic Decision-Making in Healthcare Institutions
How Al systems support long-term planning and risk mitigation.

Enhanced decision-making accuracy through data visualization.
Evidence from empirical studies showing improved KPI performance.

2.4.6 Organizational and Cultural Barriers to Al in FM
Resistance to change, lack of digital literacy, and budget constraints.
Ethical concerns related to Al autonomy in critical healthcare settings.
Leadership strategies to overcome implementation resistance.

2.4.7 Identified Gaps and Unique Contribution of the Current
Study

Most prior studies focus on developed countries or non-healthcare sectors.

Limited empirical studies examining AI-FM integration in Saudi Arabia.

This study bridges the gap by offering a localized, strategic model for healthcare

FM enhanced by Al




2.5 Review of Previous Studies
Recent research has explored the convergence of Artificial Intelligence (Al) and Facility
Management (FM) within the healthcare sector, revealing significant implications for
operational efficiency, asset longevity, and strategic decision-making. The following
section presents a critical synthesis of selected studies relevant to the current research,
highlighting their objectives, methodologies, key findings, and how they relate to the
integration of Al in smart FM systems.

e )Press(2025 «in their study titled ""The Use of Artificial Intelligence in Facilities
Management'"', conducted a systematic literature review to examine the maturity
models and implementation trends of Al within facility management systems
globally. The research identified predictive analytics, automation, and Al-powered
asset optimization as central themes shaping modern FM practices. Importantly, the
study emphasized regional disparities in Al readiness and underscored the need for
strategic alignment and staff competency in deploying Al-driven FM systems.

Reflection: This study directly supports the current research’s objective to evaluate Al
maturity in Saudi healthcare FM and offers a structured foundation for assessing
technological readiness.

e )Ucar(2024 «in their comprehensive review titled "Artificial Intelligence for
Predictive Maintenance Applications: Key Components, Trustworthiness, and
Future Trends", explored the core elements that enable successful Al deployment

in predictive maintenance across industries. The authors analyzed trust, data quality,

explainability, and real-time system integration as critical success factors. Their
findings revealed that while Al can greatly enhance maintenance planning and
system longevity, its success depends on overcoming technical and ethical
limitations.

Reflection: These insights are especially relevant to this study, which investigates how Al
supports predictive maintenance in hospital FM while accounting for organizational and
technical challenges.

e )Abdelalim(2025 «in their applied research titled "Optimizing Facilities
Management Through Artificial Intelligence and Digital Twin Technology in
Mega-Facilities', focused on the integration of AI with Building Information
Modeling (BIM) and Digital Twin platforms. The study demonstrated how these
technologies improve real-time monitoring, energy optimization, and asset lifecycle
management in large-scale healthcare environments. The authors provided a
practical model for predictive FM that aligns with sustainability objectives.

Reflection: This study provides practical methods that complement this research's efforts to
design an Al-enhanced FM framework for Saudi hospitals operating under Vision 2030.

e )Garanin(2025 ¢in their systematic literature review titled "Digital twins in
healthcare administration: A systematic review on novel approaches to
management and planning", examined the evolution and potential applications of




Digital Twin (DT) technology within healthcare environments. Analyzing 428
publications, the authors identified key use cases such as resource optimization,
predictive facility planning, and crisis simulation capabilities. They highlighted the
importance of real-time data integration, interoperability, and robust governance
frameworks to ensure effective deployment of DTs in healthcare.

Reflection: This study enriches the current research by providing a rigorous, evidence-
based mapping of DT applications in healthcare—reinforcing the significance of
integrating Al and DT systems in Saudi hospital FM strategies.

e )Jameil(2025 <in their article titled "A digital twin framework for real-time
healthcare monitoring: leveraging Al and secure systems for enhanced patient
outcomes", proposed a hybrid DT architecture combining [oT data streams, Al
analytics, and cybersecurity measures. Their framework achieved a 98.9% accuracy
in real-time health monitoring and anomaly detection, with enhanced data privacy
through end-to-end encryption.

Reflection: This applied model offers a strong technical foundation for the current study’s
AI-FM framework, particularly in addressing challenges of data security and real-time
system integration in healthcare settings.

Together, the reviewed literature offers diverse insights into how Al and DT technologies
are being applied in healthcare FM the evolving role of Artificial Intelligence and Digital
Twin technologies within Facility Management—particularly in healthcare settings. They

highlight both the strategic potential and operational challenges of implementing intelligent
systems for predictive maintenance, real-time monitoring, and infrastructure sustainability.
Building upon this comprehensive body of knowledge, the current study contributes a
contextualized investigation focused on the Saudi healthcare landscape. It aims to bridge
the gap between global innovation and local applications, while aligning with Vision 2030's
digital transformation and smart infrastructure objectives.




2.6 Summary

This chapter has offered a targeted exploration of recent scholarly and applied studies
addressing the intersection of Artificial Intelligence (Al), Digital Twin (DT), and Facility
Management (FM) within healthcare environments. While global trends reveal rapid
advancement in predictive maintenance, asset sustainability, and real-time data utilization,
most of the reviewed literature lacks regional specificity—particularly within the Saudi
healthcare context.

Despite the availability of promising theoretical frameworks and success stories from
international implementations, practical application remains constrained by contextual
challenges such as IT infrastructure limitations, regulatory compliance, and workforce
readiness. Additionally, a noticeable gap persists between global innovation and the
strategic goals of Saudi Arabia’s Vision 2030, especially in private healthcare institutions.

These gaps highlight the need for a localized, evidence-based framework that addresses the
operational, technical, and strategic factors influencing FM in Saudi hospitals. The
following chapter will present a conceptual model designed to bridge this gap, drawing
upon insights from the reviewed literature and aligning with national transformation
objectives.




Chapter Three Research Methodology




3.1 Introduction

This chapter provides a comprehensive overview of the research methodology adopted in
the current study, designed to explore the strategic integration of Artificial Intelligence
(AI) and Smart Facility Management (SFM) systems within the healthcare sector in Saudi
Arabia. It outlines the research design, approach, population and sample, instruments,
methods of data collection and analysis, as well as ethical considerations. This
methodological structure ensures the study is grounded in scientific rigor and aligned with
best practices in academic research across global master's programs.

3.2 Research Design and Approach

The research follows a quantitative, descriptive-analytical design, employing a cross-
sectional survey method. This design enables the study to capture a snapshot of current
practices, perceptions, and outcomes related to Al-integrated facility management across
multiple private healthcare institutions.

The rationale for using a quantitative approach lies in its ability to measure variables
precisely, test hypotheses, identify patterns, and ensure statistical generalizability. This is
particularly critical in examining the multi-dimensional impacts of Al on operational
efficiency and strategic decision-making.

3.3 Study Population and Research Community

The target population includes key personnel within the healthcare sector who play a
significant role in facilities operations, digital transformation, or strategic planning. These
include:

Facility Manager / &8 )l e

Operations Manager / Jaiill

Biomedical Engineer / (s 5 el (i

Maintenance Engineer / Jlbuwa (sdiga

Hospital Administrator / &5iually (5 5} J 5 3mse

Safety Technician / 4e3u 4

Maintenance Technician / 4lua

The research community is defined as private healthcare organizations in Saudi Arabia that
have either implemented, or are in the process of implementing, smart facility
management systems or Al-powered technologies.




3.4 Sampling Method

This study employed a purposive (judgmental) sampling technique to target participants
with direct experience and decision-making authority in facility management (FM) and
artificial intelligence (Al) applications within healthcare institutions. Data was collected
through a structured electronic questionnaire distributed via Google Forms.

The sampling focused on individuals working in various functional and administrative
roles within FM departments, including engineers, supervisors, IT specialists, and
operational managers. A total of over 100 valid responses were obtained from
professionals across multiple hospitals in Saudi Arabia, ensuring a diverse and credible
data pool for analysis.

This approach enabled the researcher to reach a broad range of practitioners from different
regions and operational backgrounds, providing insights that reflect real-world
experiences with Al and smart FM systems in the healthcare sector.

3.5 Research Instruments and Questionnaire Design

The primary tool for data collection is a structured questionnaire, developed based on
validated instruments and theoretical constructions identified in the literature review. The
questionnaire is divided into the following parts:

e Demographic and Organizational Information.

e Level of Al and Smart FM Adoption.

e Efficiency Metrics in FM Operations (e.g., MTTR, asset uptime, CM/PM ratio).
e Impact on Strategic and Operational Decision-Making.

e Barriers, Challenges, and Opportunities in Implementation.

A five-point Likert scale will be used for attitudinal and performance-based questions to
facilitate quantitative analysis.

3.6 Validity and Reliability Measures

Content Validity: Assured through expert review and alignment with prior studies.
Construct Validity: Ensured by designing the questionnaire to match theoretical
constructions from TOE, RBV, and Decision Theory.

Pilot Testing: Conducted with a small sample to refine language, flow, and clarity.
Reliability: Measured using Cronbach’s Alpha, aiming for values above 0.7 for
internal consistency.




3.7 Data Collection and Analysis Procedures

Data will be collected electronically via email and professional networks to facilitate
widespread participation. Responses will be anonymized and stored securely.

e Analysis will be conducted using SPSS and include:

o Descriptive Statistics (mean, frequencies, standard deviation)
e Correlation and Regression Analysis

o Comparative Statistical Tests (e.g., ANOVA, T-tests)

o Hypothesis Testing at a = 0.05 significance level

3.8 Ethical Considerations

The study follows strict ethical protocols:

e Informed consent obtained from participants
e Confidentiality and anonymity maintained

e Voluntary participation ensured

e No risks posed to participants or institutions

Approval will be obtained from the university’s ethical review board before data collection
begins.

3.9 Research Boundaries and Limitations

This study adheres to strict ethical research standards to ensure the integrity, safety, and
rights of all participants involved. The following measures will be implemented:

e Informed Consent: Participants will receive a detailed explanation of the study’s
purpose, procedures, and voluntary nature. Consent will be obtained electronically
before participation.

Confidentiality and Anonymity: All responses will be anonymized, and no
identifiable personal or institutional data will be disclosed. Data will be stored
securely and accessed only by the researcher.

Voluntary Participation: Participation will be entirely voluntary, with the option to
withdraw at any stage without any consequences.

Non-Maleficence: The research design ensures that participants will not be
exposed to any physical, emotional, or professional harm.

Data Use Transparency: The collected data will be used solely for academic
research purposes and presented in aggregated form to preserve privacy.




These ethical protocols are in line with international research standards (e.g., APA,
Declaration of Helsinki) and institutional policies, ensuring responsible and respectful
engagement with human participants throughout the study.

3.10 Summary

This chapter presented a comprehensive overview of the methodological framework
adopted in the study, which is grounded in a quantitative, cross-sectional design aimed at
exploring the integration of Artificial Intelligence (AI) with Smart Facility Management
(SFM) in Saudi Arabia’s private healthcare sector. It detailed the research design, target
population, sampling strategy, instrumentation, data analysis methods, and ethical
considerations.

The chosen methodology ensures reliability, generalizability, and academic rigor while
capturing insights from professionals directly involved in FM and Al applications. This
structured approach not only strengthens the credibility of the findings but also aligns with
the study’s goal to provide evidence-based recommendations that support strategic
transformation in line with Vision 2030.

The next chapter will present and interpret the collected data, offering empirical insights
into current practices, challenges, and opportunities surrounding Al-enabled FM in the
Saudi healthcare context.




Chapter Four Results and Recommendations




4.1 Introduction
This chapter presents a comprehensive and analytically rigorous interpretation of the
empirical data collected from participants in Saudi Arabia's private healthcare sector. The
primary objective is to uncover critical insights into the strategic integration of Artificial
Intelligence (Al) and Smart Facility Management (SFM) systems, and to assess how these
technologies impact operational efficiency, cost optimization, asset longevity, and
evidence-based decision-making. Employing robust statistical methods and systematic
interpretation, the chapter offers a nuanced understanding of how Al is transforming FM
practices within one of the most sensitive and tightly regulated sectors—healthcare. The
findings presented herein serve as the empirical foundation for a set of actionable
recommendations targeting academic researchers, hospital administrators, policy makers,
and Al solution vendors.

As noted by )Sekaran(2003 ¢, online surveys are considered an efficient and convenient tool
in administrative research, particularly when targeting geographically dispersed samples,
such as those found in private hospitals.

4.1.1 Validity and Reliability of the Instrument

To ensure the accuracy, objectivity, and consistency of the data collection process, the study
took several steps to validate and verify the reliability of the research instrument.

In terms of face and content validity, the questionnaire was initially reviewed by a panel of
academic experts and professionals specializing in facility management and healthcare
operations across several private hospitals. Their feedback ensured that the items were
clearly phrased, conceptually aligned with the study objectives, and theoretically grounded.

Regarding reliability, internal consistency was measured using )Cronbach, L. J.(1951 «
coefficient to assess the coherence among items within each dimension of the instrument. A
reliability coefficient greater than 0.70 was considered acceptable )Cronbach, L. J. ¢
(1951; (2001 «.0l833 ¢@all ae 5 can Il ae (uae (853 «lane ), indicating a good degree of
reliability and justifying the instrument’s use in analyzing relationships among variables
and achieving the research goals.

4.2 Data Preparation and Cleaning Procedures

Before commencing the statistical analysis, the dataset collected underwent several
essential preparation stages to ensure accuracy, completeness, and analytical integrity:

e Data Cleaning: Inconsistent entries and missing values were addressed using
listwise deletion and, where appropriate, imputation techniques.
Coding: Survey responses were numerically coded, and Likert-scale items were
standardized to align with SPSS analytical requirements.
Grouping: Variables were systematically organized into thematic categories,
including Al infrastructure maturity, facility performance indicators, strategic
governance dynamics, and implementation challenges.
These preparatory procedures established a robust foundation for valid, consistent, and
replicable statistical analysis.




4.3 Descriptive Statistics: Participant and Institutional
Profiles

A total of 106 valid responses were collected from professionals across private hospitals in
Saudi Arabia. The descriptive statistics focus strictly on variables included in the survey,
ensuring alignment with the questionnaire design. The analysis includes:

Job Title: Facility Managers, Operations Managers, Biomedical Engineers, Maintenance
Engineers, Hospital Administrators, Safety Technicians, and Maintenance Technicians.
Years of Experience: Categorized as <5, 6-10, 11-15, and >16 years.
Implementation Status of FM Systems (CAFM, CMMS, IWMS): Whether such
systems are implemented, under planning, or not yet considered.

Al Readiness: Whether the institution currently has, is planning, or has no
initiatives related to Al integration.

These descriptive insights provide context for interpreting the quantitative findings and
understanding the institutional and professional landscape shaping AI-FM adoption in
Saudi Arabia’s healthcare sector.

4.3.1 Demographics:

Figure 1 displays the distribution of survey participants according to their job titles. The
largest proportion of respondents (19.8%) were Maintenance Technicians, indicating strong
representation from frontline technical staff involved in routine operations. This was
followed by Facility Managers and Hospital Administrators, each accounting for 17.9% of
responses, reflecting the strategic and managerial perspectives present in the data.

Other key roles include:

e Biomedical Engineers (14.2%)
e Operations Managers (14.2%)

e Maintenance Engineers (11.3%)
e Safety Technicians (4.7%)

This diverse mix ensures that the findings of this study reflect a well-rounded
understanding from technical, managerial, and strategic standpoints—crucial for assessing
the status and future readiness for Al and Smart FM integration in healthcare environments.
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Figure 1 Job Title

Figure 2 illustrates the distribution of participants according to their years of professional
experience in facility management or related healthcare operations. The largest segment of
respondents (41.5%) reported having 6 to 10 years of experience, followed by 34.9% who
have accumulated more than 15 years in the field. A smaller proportion (23.6%) have 2 to 5
years of experience.

This demographic profile indicates that the majority of participants hold mid-to-senior level

expertise, which enhances the validity of the survey results. Their practical experience
provides depth and relevance to the insights regarding the implementation of Al and smart
facility systems in hospitals.

Such a range of experience levels enriches the study’s findings by capturing diverse
operational perspectives, from early-career professionals to seasoned decision-makers.

Years of Experience / & pall &l s

106 responses

@2 5years/ Wgu5 N2
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Figure 2 Years of Experience




4.3.2 Institutional Attributes:

Figure 3 reflects the participants’ responses regarding the implementation of smart facility
management systems—specifically CAFM, CMMS, or IWMS platforms. A substantial
majority (63.2%) confirmed that such systems have already been implemented within their
institutions. Meanwhile, 22.6% indicated that implementation has not yet occurred, and
12.3% reported that it is planned but not yet deployed.

This high rate of system implementation indicates a strong trend toward digitization in
Saudi private healthcare facilities. It also provides a suitable foundation for evaluating Al
readiness and integration with these platforms. The widespread adoption of smart FM
systems creates a critical baseline for assessing their strategic and operational impact.

Have you implemented a CAFM, CMMS, or IWMS system? / s ulsi 5 s CAFM 3 CMMS & IWMSE

|

106 responses
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Figure 3 Implemented a CAFM, CMMS, or IWMS system

Figure 4 illustrates the extent to which Al initiatives have been adopted or are planned
within private healthcare institutions. Most respondents (55.7%) confirmed the presence of
current Al initiatives, while an additional 37.7% indicated that Al adoption is in the
planning phase. Only a small portion (5.6%) reported no current or planned Al engagement.

This indicates a strong momentum toward Al integration in facility management, consistent
with Vision 2030’s digital transformation goals. The combined 93.4% of respondents
indicating current or future Al plans underscores the strategic importance of Al
technologies across operational, maintenance, and infrastructure domains in healthcare
environments.
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Figure 4 Al initiatives

63.2% of respondents indicated that a CAFM or CMMS platform has already been
implemented in their institutions.

12.3% reported that their hospitals are currently undergoing digital transformation
initiatives in alignment with Saudi Arabia’s Vision 2030.

55.7% confirmed the existence of current or planned Artificial Intelligence (Al)
initiatives within their facility operations, reflecting growing alignment with
national strategic objectives.

Job Title

Percentage

Maintenance Technician 19.8

Facility Manager 17.9

Hospital Administrator 17.9

Operations Manager 14.2

Biomedical Engineer 14.2

Maintenance Engineer 11.3

Safety Technician 4.7

Table 1Job Title

4.3.3 Inferential Statistics and Correlational Analysis

To examine the relationships between key study variables, Pearson correlation coefficients
were calculated. The findings are as follows:

Al Maturity and Operational Efficiency: A moderate positive correlation was
found (r=0.31, p <0.01), indicating that higher levels of Al integration in facility
management systems are associated with enhanced day-to-day operational
performance.

Al Maturity and Strategic Decision-Making: A strong positive correlation (r =
0.41, p <0.001) was identified, suggesting that organizations with more advanced
Al infrastructure demonstrate improved capabilities in making informed, long-term
strategic decisions.




e Lack of Training and Operational Efficiency: A strong positive correlation (r =

0.55, p <0.001) was observed, revealing that as gaps in staff training increase,
operational efficiency declines. This finding emphasizes the pivotal role of
workforce preparedness in the effective application of smart facility management
technologies.
Lack of Training and AI Maturity: A moderate positive correlation (r = 0.38, p <
0.001) also emerged, indicating that organizations with higher Al maturity still face
significant challenges in ensuring sufficient training, pointing to a persistent human
capital barrier despite technological advancement.

Interpretation:

These results strongly support the central hypothesis of this study: the successful
integration of Al into hospital facility management yields measurable improvements in both
operational and strategic domains. However, the analysis also highlights that human
factors—particularly staff training and technical readiness—remain critical determinants of
success. Even institutions with relatively mature Al frameworks must invest in continuous
capacity-building to fully realize the benefits of smart systems.

4.3.4 Regression and Predictive Analysis

Multiple regression analysis was conducted to identify predictive relationships between key
variables influencing facility management performance, based on the survey data collected
from private hospitals in Saudi Arabia.

Model 1: Operational Efficiency Prediction

The first regression model aimed to predict operational efficiency using the independent
variables:

e Al Maturity
e Staff Training Level
e System Interoperability

The model revealed a significant predictive relationship:

e R2=10.41 (i.e., 41.2% of the variance in operational efficiency is explained by the
predictors)
o F=23.84,p<0.001

These results suggest that the combined effect of Al maturity, sufficient staff training, and
system interoperability plays a crucial role in determining day-to-day efficiency in hospital
facility operations.

Model 2: Strategic Outcome Effectiveness Prediction (Proxy for Cost Reduction)

The second model assessed the impact of Al integration into CAFM systems on strategic
outcome effectiveness, used here as a proxy variable for long-term cost reduction and
strategic impact.




e R*=0.17 (i.e., 16.9% of the variance explained)
e F=21.09,p <0.001

Although the predictive power is more moderate than Model 1, the results still demonstrate
a statistically significant relationship. The findings suggest that Al-enhanced CAFM
systems contribute meaningfully to long-term financial and operational outcomes.

These regression analyses validate the study’s central thesis: that targeted integration of Al,
supported by organizational readiness and infrastructure, enhances both tactical and
strategic performance in hospital facility management. This also reinforces the need for
holistic digital strategies within healthcare infrastructure planning.

Interpretation: These findings reinforce the critical role of Al integration, training
adequacy, and system interoperability in improving hospital operational performance.
While Al maturity alone offers some predictive power for strategic outcomes, a broader
approach involving training and infrastructure is essential for maximizing impact.

Dependent Independent F-
Variable Variables Statistic Interpretation
Al Maturity, Staff Strong joint
Operational Training, influence on
- . 23.84 )
Efficiency System operational
Interoperability performance
Strategic Outcome Moderate but
Effectiveness Al Integration into 017 | 21.09 < significant
(Proxy for Cost CAFM Systems ' ' 0.001 | influence on
Reduction) strategic outcomes
Table 2 Regression Models Summary for Al and FM Performance Predictors

4.3.5 Key Findings:
Staft Training had the highest standardized beta coefticient (fp = 0.43), making it the
strongest predictor of operational efficiency among the factors analyzed.
System Interoperability (measured via decision support systems) came next with a
significant effect (f = 0.33).

o Al Maturity showed a weaker yet positive predictive relationship (p = 0.09),
suggesting that its influence is potentially indirect or dependent on other enabling

factors like training and integration.




4.3.6 Hypothesis Testing Summary

Hypothesis | Statement Result

Al-powered predictive maintenance
H1 significantly reduces downtime and . Supported
improves asset reliability.

Al integration reduces operational costs

and enhances energy efficiency. Supported

FM efficiency positively correlates with

. 4 Supported
improved patient safety outcomes. PP

Organizational culture and digital literacy

affect Al implementation success. Supported

Al adoption supports asset sustainability

and lifecycle cost optimization. Supported

Al-integrated FM supports environmental

sustainability (energy, water, waste). Supported

Al-based FM systems increase resilience

during emergencies and disruptions. Supported

Operational performance differs
significantly between traditional and Al- 0.31 Supported
FM systems.

Indirectly
Supported via
multiple outcomes
(e.g., H1, H2, H4,
H7)

Al adoption aligns with Saudi Vision 2030
healthcare innovation goals.

Table3 Summary of Hypothesis Testing Results
Interpretation:

The hypothesis testing results confirm that Al integration within Facility Management
significantly contributes to improving operational outcomes, sustainability, and alignment
with national healthcare transformation goals. Notably, hypotheses related to cost efficiency
(H2, HS), safety (H3), and emergency resilience (H7) highlight the strategic importance of
Al Moreover, the indirect support for H9 suggests that Vision 2030 goals are being
realized through cumulative Al-driven impacts across various FM domains.

4.3.7 Hypothesis Discussion:

The hypothesis testing in this research was grounded in the statistical analysis of data
collected from facility management professionals within the Saudi private healthcare sector.
The core objective was to validate the impact of Artificial Intelligence (Al) and Smart
Facility Management Systems (SFMS) on operational efficiency, cost reduction,




sustainability, and strategic decision-making. Nine hypotheses were tested using Pearson
correlation analysis and regression models. The results demonstrated strong support for the
conceptual framework, revealing statistically significant relationships in most cases. One
hypothesis (H9) was conceptually supported based on cumulative results across multiple
variables. The findings confirmed that the integration of Al into FM operations is not only a
technical improvement but a strategic enabler of organizational performance, aligning
directly with Saudi Vision 2030.

These findings are consistent with the TOE, RBV, and Decision Theory frameworks, which
collectively explain how technological maturity, organizational capability, and strategic
insight converge to enable transformative outcomes in healthcare facility operations.

4.4 Analysis of Variance (ANOVA):

e Theoretical Foundation for Difference Testing

To explore whether participants' perceptions vary according to demographic and
institutional characteristics, this study employed statistical difference tests such as the
independent sample t-test and one-way ANOVA, as recommended by )Field(2013 « These
tests aim to determine whether significant variations exist in participant responses based on
variables such as years of (experience, ...etc. ) Such analyses enhance the understanding of
how personal and institutional attributes influence stakeholder perspectives on the study
topics.

To further assess whether perceptions regarding Al and Smart Facility Management (SFM)
differed significantly across job roles and levels of professional experience, a one-way
ANOVA test was conducted.

o Job Title vs. Perception of AI Impact:

The results indicated a statistically significant difference between groups (p = 0.021 <
0.05). Specifically, senior executives (e.g., hospital administrators and strategic planners)
exhibited significantly higher mean scores in their perception of AI’s impact on FM
operations compared to mid-level managers, maintenance engineers, and technicians. This
suggests a greater strategic alignment and understanding of AI’s long-term value among
leadership.

o Years of Experience vs. Al Adoption Readiness:

The ANOVA test showed no statistically significant difference (p = 0.387 > 0.05) across
groups segmented by experience (2—5 years, 610 years, >15 years). This indicates that Al
adoption readiness is consistently perceived across professionals regardless of tenure.




Interpretation:

The results imply that while awareness of Al’s transformative potential increases with
seniority in organizational roles, general readiness for adoption does not significantly vary
with experience level. Therefore, future capacity-building initiatives should prioritize mid-
level staff and technical personnel to enhance alignment, reduce implementation gaps, and
support cultural readiness across all levels of healthcare facility operations.

Variable Test F-Statistic p-value | Interpretation

Significant difference in Al
Job Title One-way ANOVA 4.87 0.031 perception between
leadership and staff.

Table 4ANOVA Results by Job

4.5 Simple Linear Regression Analysis

To understand the predictive power of specific independent variables on FM performance, a
simple linear regression analysis was conducted.

o Al Maturity — Operational Efficiency: The regression revealed a statistically
significant relationship (R? = 0.096, F = 11.23, p < 0.01), confirming that Al
maturity has a measurable effect on day-to-day efficiency. However, the relatively
low R? suggests that Al alone does not explain all variance in performance and must
be supported by complementary factors such as training and infrastructure.

This analysis supports the argument for integrated strategic planning when deploying
Al tools in healthcare FM.

4.5.1 SPSS-Based Statistical Analysis

To further support the statistical robustness of this study, a simple linear regression and
Pearson correlation analysis were conducted using IBM SPSS Statistics (Version 28). The
aim was to examine the predictive relationship between the extent of Al integration in
facility management systems and the perceived reduction in hospital operational costs.

Survey responses were numerically coded using a five-point Likert scale, and all variables
were validated and cleaned before analysis.

e R>=10.036
o F(,104)=3.922, p =0.0503
e Pearson Correlation Result: r =0.19, p = 0.050




Independent Variable Coefficient (B) Std. Error t-value
Constant (Intercept) 3.62 0.36 10.06

Al Integration in FM Systems 0.166 0.084 1.98

Table 5 Simple Linear Regression Results
Interpretation:

The regression results reveal a positive but weak statistically significant relationship
between Al integration and operational cost reduction. Although the explanatory power
(R?) is modest, the findings reinforce the theoretical assumptions of the study and
demonstrate that Al integration plays a meaningful role in enhancing financial efficiency in
facility management operations. These results further confirm the importance of integrating
Al not in isolation, but alongside infrastructure readiness, staff training, and interoperability
strategies.

4.6 Scientific and Operational Recommendations

Drawing upon the empirical evidence and statistical outcomes of this study, the
following multi-tiered recommendations are proposed to facilitate the strategic
integration of Artificial Intelligence (Al) in Facility Management (FM) across Saudi
Arabia’s private healthcare sector. These recommendations are aligned with Vision
2030’s digital transformation objectives and are categorized into strategic, operational,
and organizational domains:

A. Strategic and Scientific Recommendations

Integrate Al into National FM Policy Frameworks: National regulatory bodies (e.g.,
MOH, CBAHI) should institutionalize Al within FM standards to ensure
consistency, compliance, and quality in healthcare infrastructure management.
Develop National AI Maturity Indices: Establish benchmark tools and digital
readiness indices tailored for FM departments in hospitals to self-assess Al adoption
levels and align with national goals.

Foster Applied Research Ecosystems: Support collaborative research initiatives
between universities, hospitals, and Al technology providers to build localized Al-
FM models adapted to Saudi healthcare settings.

Recognize FM as a Strategic Asset in Vision 2030: Incorporate Facility
Management explicitly into national healthcare innovation strategies as a key
enabler of operational sustainability, energy optimization, and emergency
preparedness.

. Operational Recommendations

Implement Al-Driven Predictive Maintenance Systems: Leverage machine learning
algorithms for fault prediction and real-time asset monitoring to minimize
downtime and extend equipment lifespan, particularly for critical hospital
infrastructure.




Adopt Smart Energy and Utilities Management: Integrate Al-based platforms to
optimize electricity, water, HVAC, and medical gas systems—contributing to both
environmental sustainability and cost reduction.

Unify KPIs Across Multi-Branch Networks: Standardize key performance
indicators (KPIs) for FM departments to enable benchmarking, inter-branch
comparisons, and continuous improvement cycles.

C. Administrative and Organizational Recommendations

o Establish FM-AI Governance Units: Create dedicated cross-functional units within
hospital organizations responsible for overseeing Al deployment, monitoring
performance, and ensuring compliance with technical and ethical standards.
Institutionalize Staff Training and Digital Upskilling: Design and deliver ongoing
training modules targeting FM, IT, and engineering personnel to bridge digital
literacy gaps and enhance technical readiness.

Promote Interdepartmental Collaboration: Foster structured collaboration between
FM, IT, operations, and executive leadership to ensure alignment in Al strategy,
budgeting, and infrastructure integration.

Conclusion:

These recommendations aim not only to elevate the digital maturity of FM departments
but also to reposition them as strategic drivers of healthcare transformation. By
aligning Al integration efforts with both institutional priorities and national visions,
Saudi hospitals can emerge as regional pioneers in intelligent healthcare infrastructure
management.

4.7 Future Research Directions

This study lays the groundwork for a wide array of future academic and applied
investigations. To deepen the understanding of Artificial Intelligence (Al) integration in
Smart Facility Management (SFM) within the healthcare sector, the following research
directions are proposed:

e Longitudinal Impact Studies: Future research should adopt longitudinal designs to
track the long-term effects of AI-FM integration on asset lifecycle extension, cost
efficiency, and sustainability outcomes. Time-series data can reveal patterns not
captured in cross-sectional designs.

Public—Private Sector Comparative Analysis: Cross-sectoral studies comparing
Al adoption between public and private healthcare institutions in Saudi Arabia—or
across other Gulf or OECD nations—would provide insights into governance,
policy, and infrastructure disparities.

Integration with Clinical Outcomes: Future studies should investigate the indirect
effects of Al-powered FM on clinical safety, patient outcomes, and infection
control—bridging the gap between infrastructure and healthcare delivery.
Development of AI-FM Maturity Models: The creation and validation of
structured models that assess digital readiness and Al maturity levels in FM
departments will support benchmarking and national policy alignment.




Cybersecurity, Ethics, and Governance: As Al systems become deeply embedded
in hospital infrastructure, future research should explore data governance,
algorithmic transparency, and cybersecurity frameworks tailored for healthcare FM
environments.

These directions aim to enhance national capacity in digital health infrastructure and inform
the design of smarter, safer, and more resilient hospitals, both within the Kingdom and
across the global healthcare landscape.

4.8 Supported Hypotheses

Based on robust statistical analyses (Pearson correlation and regression models), the
following hypotheses were supported:

Hypothesis | Statement Result

Al-powered predictive maintenance significantly reduces downtime
H1 and improves asset reliability. . Supported
Al integration reduces operational costs and enhances energy
H2 efficiency. . Supported
FM efficiency positively correlates with improved patient safety
H3 outcomes. . Supported
Organizational culture and digital literacy affect Al implementation
H4 success. . Supported
Al adoption supports asset sustainability and lifecycle cost
H5 optimization. . Supported
Al-integrated FM supports environmental sustainability (energy,
H6 water, waste). . Supported
Al-based FM systems increase resilience during emergencies and
H7 disruptions. . Supported
Operational performance differs significantly between traditional
H8 and AI-FM systems. . Supported
Al adoption aligns with Saudi Vision 2030 healthcare innovation Indirectly

H9 goals. — - Supported
Table 6Summary of Hypothesis Testing Results on the Strategic Impact of Al Integration in Smart Facility Management

Interpretation:

Eight out of nine hypotheses were directly supported with statistically significant evidence.
HO, while not statistically tested as an independent variable, is conceptually validated
through the aggregate results—particularly H1, H2, H4, and H7—which align with Vision
2030’s emphasis on digital transformation, sustainability, and healthcare innovation.




4.9 Thematic Comparison with Previous Literature

The results of this study are closely aligned with contemporary research that underscores
the transformative role of Artificial Intelligence (AI) and Digital Twin technologies in
facility management—particularly in areas such as predictive maintenance, energy
optimization, and data-driven decision-making. For instance, )Press(2025 <and )Abdelalim «
(2025emphasized the significance of Al maturity and real-time monitoring tools in
enhancing the performance and responsiveness of healthcare infrastructure. Additionally,
)Ucar(2024 ¢) underscored the importance of data reliability and system interoperability—
key factors that were also validated through this study’s empirical findings.

However, this research moves beyond the general literature by contextualizing these global
themes within the unique operational, regulatory, and strategic environment of the Saudi
Arabian healthcare sector. Specifically, it introduces critical dimensions often absent in
prior studies, including:

e Mandatory compliance with national regulatory bodies such as the Central Board
for Accreditation of Healthcare Institutions (CBAHI) and the Ministry of Health
(MOH)

Strategic alignment with the Kingdom’s Vision 2030 digital transformation
framework

Regional disparities in Al infrastructure maturity and organizational readiness
Systemic challenges in workforce upskilling, digital literacy, and change
management

By synthesizing global best practices with Saudi-specific operational realities, this
study contributes a distinctive thematic framework. It offers actionable insight for
healthcare stakeholders aiming to bridge the gap between policy aspirations and
ground-level implementation and presents a strategic model for Al-enabled facility
management tailored to the evolving demands of Saudi private hospitals.

4.10 Interpretation and Practical Implications

The findings of this study underscore the multifaceted contributions of Artificial
Intelligence (Al) applications within facility management operations in the healthcare
sector. The integration of Al is shown to yield tangible benefits across several dimensions:

e Operational Level: Al facilitates early fault detection, reduces response times to
maintenance issues, and optimizes the allocation of resources, leading to greater
efficiency in day-to-day operations.

Strategic Level: Al-enhanced dashboards and analytics improve decision-making
transparency, support capital planning processes, and advance sustainability targets
in line with national objectives.




e Asset Lifecycle Management: The deployment of Al tools extends asset uptime,
improves utilization, and informs more effective decommissioning and replacement
strategies, ultimately enhancing long-term infrastructure value.

These insights demonstrate that Al is not merely a technical tool but a strategic enabler of
performance, aligning with both operational excellence and national transformation goals
such as those outlined in Saudi Vision 2030.

4.10.1 Challenges:

Despite its potential, the implementation of Al within facility management systems is
confronted by several persistent challenges:

Organizational Resistance and Low Awareness: Many institutions face
resistance to digital change due to limited awareness of Al benefits among middle
and lower management tiers.

Financial Constraints: The cost of acquiring, deploying, and maintaining Al-
capable platforms poses a significant barrier, particularly for hospitals with
constrained budgets.

Cybersecurity Vulnerabilities: As smart infrastructure relies on interconnected
systems, concerns related to data breaches, system integrity, and patient safety
create hesitancy in adoption.

Addressing these barriers is essential to unlock the full value proposition of Al. Strategic
investments in change management, secure IT frameworks, and financial models that
justify long-term returns on Al adoption are necessary to drive successful implementation.

4.10.2 Recommendations

Considering the study’s findings, the following strategic and operational recommendations
are proposed to maximize the effectiveness of Artificial Intelligence (Al) integration in
facility management (FM) within the Saudi healthcare sector:

e Institutionalize AI in FM Operations: Position Al as an integral element within
FM policies and operational frameworks to ensure its systematic application in
predictive maintenance, resource planning, and fault diagnostics.

Invest in Workforce Readiness: Implement comprehensive and continuous
training programs focusing on digital FM tools, data analytics, and Al-enabled
decision support systems to enhance technical competencies across all staff levels.
Foster Cross-Functional Collaboration: Establish collaborative structures that
bring together IT, engineering, FM, and executive leadership to ensure unified
implementation, integration, and strategic alignment of Al solutions.




e Standardize KPIs Across Hospitals: Develop and adopt a national benchmarking
system that employs Al-based indicators to monitor and compare FM performance
across hospitals, enabling transparency and continuous improvement.

Enable Data-Driven Governance: Deploy centralized, Al-powered dashboards to
support evidence-based decision-making, capital planning, and performance
monitoring at both the institutional and policy levels.

Encourage AI-Supplier Partnerships: Promote strategic partnerships between
healthcare institutions and Al solution providers—both local and international—to
develop customized, context-appropriate tools that address facility-specific needs.

Leverage Vision 2030 Support: Align FM digital transformation initiatives with Vision
2030 priorities to secure government support, access to national funding mechanisms, and
accelerate innovation across the healthcare infrastructure landscape.

These recommendations aim not only to enhance operational performance but also to
elevate Saudi Arabia’s position as a regional leader in smart healthcare infrastructure and
digital facility management excellence.

4.11 Answering Research Questions

This section provides a comprehensive response to the study’s core research questions,
synthesizing the quantitative findings and aligning them with the objectives outlined in the
introductory chapters.

e RQ1: What is the current level of Al and Smart FM system adoption in private
hospitals in Saudi Arabia?

The data reveal that approximately 65.1% of respondents reported having implemented
CAFM/CMMS/IWMS systems in their institutions. Moreover, 55.7% indicated that their
organizations are either currently using or planning to implement Al-driven initiatives.
While adoption is underway, the integration depth varies considerably, predictive
maintenance and performance monitoring emerged as the most prevalent functions. This
suggests a growing yet uneven, digital transformation trajectory within the private
healthcare sector.

e RQ2: How does Al integration impact operational efficiency and cost reduction in
FM operations?
A statistically significant positive correlation was found between Al integration and both
operational and financial outcomes. Specifically:
Al integration <> Operational cost reduction: r = 0.41, p < 0.001
Al maturity <> Operational efficiency: r = 0.31, p = 0.0013

These results aftirm that smart FM systems enhance resource utilization, downtime
reduction, and asset longevity, contributing directly to cost-effective facility operations.




e RQ3: What is the relationship between Al maturity and strategic decision-making
in FM?

Findings indicated that Al maturity positively influences strategic decision-making
processes in FM. Approximately 87% of participants agreed that Al-enabled systems
contribute to faster, more data-driven strategic choices. This perception was supported by
moderate correlations between Al use and the quality of strategic planning, confirming
that Al plays a pivotal role beyond technical operations—extending to governance and
leadership decision frameworks.

e RQ4: What are the main challenges facing Al and Smart FM system
implementation?
Despite the optimism around Al’s potential, several critical barriers were identified:

Staff training deficiencies: (r =—0.48, p < 0.05).
Interoperability issues with existing IT infrastructure.
Budgetary constraints for AI procurement and integration.
Organizational resistance due to cultural or hierarchical rigidity.
These challenges highlight the importance of change management, capacity building, and

cross-functional planning as prerequisites for successful Al adoption.

e RQS5: How does the use of Al in FM contribute to sustainability and alignment with
Vision 2030?
Over 82% of participants acknowledged that smart FM systems advance sustainability
objectives through energy optimization, waste reduction, and efficient resource allocation.
Furthermore, the integration of Al aligns with the digital transformation goals of Vision

2030, as evidenced by the conceptual and statistical support for hypotheses HS, H6, and
H9. These results affirm AI’s role as a strategic enabler of national healthcare innovation.




4.12 Summary

This chapter has provided a comprehensive analysis of the empirical findings derived from
a robust dataset collected across Saudi Arabia’s private healthcare sector. The results clearly
demonstrate that the strategic integration of Artificial Intelligence (AI) into Facility
Management (FM) is not merely a technological advancement, it has become a critical
driver of operational excellence, cost efficiency, and sustainable performance in
hospital environments.

Through the application of descriptive statistics, correlation analyses, and regression
models, the research validated the study’s hypotheses and offered evidence-based insights
on the transformative potential of Al-powered FM systems. These insights have direct
implications for hospital administrators, policymakers, and technology providers working
to align infrastructure development with the Kingdom’s Vision 2030.

Furthermore, the findings illustrate that Al implementation is not a one-dimensional
solution but rather a multi-faceted strategic tool. It influences asset longevity, enhances
responsiveness, supports strategic decision-making, and reinforces digital governance when
implemented with the right infrastructure and organizational readiness.

4.12.1Summary Insight

While Al maturity and technical infrastructure form the backbone of Smart FM systems,
their success depends heavily on human-centric factors—notably workforce training,
digital literacy, organizational culture, and leadership commitment. These elements act as
catalysts or barriers to effective Al integration.

Therefore, a holistic transformation strategy is essential—one that goes beyond digital tools
to encompass capacity-building, cross-departmental collaboration, and change management
practices. Only through this balanced approach can healthcare institutions fully leverage Al
to build resilient, efficient, and future-ready ecosystems.




Chapter Five Conclusion and
Recommendations




5.1 Introduction

This concluding chapter synthesizes the entire research journey, consolidating the core
findings, interpretations, and practical implications. It reinforces the strategic value of
integrating Artificial Intelligence (Al) into Smart Facility Management (SFM) systems
within Saudi Arabia’s healthcare sector. Additionally, this chapter provides forward-
looking recommendations that serve both academic inquiry and industry implementation,
while upholding scientific rigor and real-world relevance. The aim is to offer a roadmap
for stakeholders to leverage Al-enabled FM systems in achieving operational excellence,
cost efficiency, and sustainability.

5.2 Summary of Data Analysis and Key Findings

Empirical data collected from facility directors, biomedical engineers, IT professionals,
and operational leaders across private hospitals in Saudi Arabia revealed several
statistically significant insights:

e Al-powered facility management systems significantly enhance preventive and
predictive maintenance, resulting in reduced downtime and improved asset
reliability.

A strong positive correlation was observed between Al maturity and strategic
decision-making agility, particularly in resource allocation and infrastructure
development.

Operational costs were demonstrably lower in hospitals employing Al-integrated
FM systems, especially those utilizing real-time dashboards and automated
performance tracking.

Organizational readiness and workforce digital literacy emerged as critical success
factors for effective Al adoption in FM operations.

Collectively, these findings underscore that Al is not a peripheral innovation, but rather a
core enabler of responsive, efficient, and future-proof healthcare infrastructure.

5.3 Interpretation of Results

The interpretation of the results supports the study's central hypothesis: that Al integration
reshapes facility management from a reactive service function into a strategic asset within
healthcare organizations. Key interpretations include:

e Enhanced Predictability and Reliability: Al facilitates early detection of equipment
faults, thereby improving safety margins and supporting compliance with Ministry
of Health (MOH) and CBAHI standards.




Operational Efficiency Gains: Automation of routine processes, real-time
monitoring, and intelligent scheduling optimize space usage, energy consumption,
and workforce allocation.

Strategic Value Creation: Al-generated insights equip decision-makers with
accurate and timely data, improving planning, budgeting, and capital investment
decisions.

Moreover, the study confirms that Al implementation directly supports the objectives of

Saudi Vision 2030, particularly in areas related to digital transformation, smart healthcare

infrastructure, and environmental sustainability.

5.4 Strategic Recommendations

Drawing upon the empirical evidence and analytical findings presented in this study, the
following strategic recommendations are proposed to support the effective integration of
Artificial Intelligence (AI) within hospital facility management (FM) systems:

Institutionalize Al as a Strategic Pillar: Hospitals should embed Al capabilities
within both strategic planning and daily operational frameworks, treating Al as an
essential enabler—not an optional enhancement.

Strengthen Human Capital Development: Implement continuous, structured training
and certification programs in digital FM technologies and Al analytics to elevate
workforce competence and digital readiness.

Standardize FM Performance Indicators: Develop and adopt sector-wide key
performance indicators (KPIs) to benchmark facility performance, ensuring
consistent evaluation and continuous improvement.

Enhance Cross-Functional Collaboration: Facilitate alignment among IT,
engineering, operations, and leadership teams to ensure seamless Al integration and
avoid operational silos.

Invest in Resilient Infrastructure: Utilize Al for proactive risk management,
emergency response optimization, and sustainable energy usage across hospital
facilities.

Establish Innovation Hubs: Collaborate with academic institutions, Al startups, and
regulatory agencies to design and test Al-driven FM solutions tailored to the
healthcare sector’s unique needs.




5.5 Proposals for Policymakers and Executives

Beyond institutional-level strategies, the following proposals are offered for national
policymakers and hospital executives to foster a supportive ecosystem for Al adoption in
facility management:

Mandate Digital Maturity Assessments: Require comprehensive Al-readiness
audits prior to any major hospital development, expansion, or digital upgrade.
Introduce Financial and Regulatory Incentives: Provide tax breaks, grants, or
streamlined regulatory approvals for hospitals that invest in smart infrastructure and
Al-powered FM systems.

Incorporate Al into Accreditation Standards: Update national hospital
accreditation frameworks (e.g., CBAHI) to include criteria related to digital FM
systems, Al analytics, and sustainability monitoring.

5.6 Theoretical Contributions

This research advances the academic discourse on technology integration within healthcare
infrastructure by making the following contributions:

Extension of the Technology—Organization—Environment (TOE) Framework:
The study contextualizes the TOE model within smart facility management
applications in the healthcare sector, offering a refined lens for assessing
technological adoption.

Application of the Resource-Based View (RBV): The findings empirically
validate Al as a strategic resource capable of delivering sustained competitive
advantage in FM operations.

Integration with Decision and Governance Theory: The study bridges Al
capabilities with operational governance, providing a foundation for theory
development in strategic FM decision-making in complex, high-stakes
environments such as hospitals.

5.7 Study Limitations

While this research offers substantial insight into the integration of Artificial Intelligence

(AI) within Smart Facility Management (SFM) systems in healthcare, several limitations
must be acknowledged:

Geographical Scope: The study focused exclusively on private hospitals in Saudi
Arabia, limiting generalizability to other sectors or regions.

Data Source: Reliance on self-reported survey data may introduce response bias
and subjective interpretation.




e Limited Clinical Integration: The research primarily emphasized FM-related
outcomes, with minimal exploration of direct impacts on clinical operations or

patient outcomes.

These limitations do not undermine the study’s validity but rather highlight avenues for
refinement and future scholarly investigation.

5.8

Future Research Directions

Building on the findings of this thesis, the following research directions are proposed to
expand the academic and practical understanding of Al in healthcare FM:

Longitudinal Impact Assessments: Conduct extended studies tracking the
financial, operational, and environmental impacts of Al-enabled FM systems
over time.

Cross-Sectoral Comparative Analysis: Examine differences in Al adoption
across public, private, and hybrid hospital models, both within and beyond
Saudi Arabia.

Patient Safety and Clinical Impact Studies: Investigate how improved facility
reliability influences clinical quality metrics, infection control, and patient
satisfaction.

Smart Interface Development: Explore the design and effectiveness of Al-
integrated dashboards, mobile platforms, and real-time alerts tailored to hospital
FM needs.

Cybersecurity and Governance Frameworks: Analyze the resilience and
compliance of Al-powered systems against cyber threats, focusing on data
privacy, integrity, and ethical use.




5.9 Final Reflection

This research has highlighted the strategic imperative of embracing Artificial Intelligence
in hospital facility management. In high-stakes environments such as critical care units,
where system failure can jeopardize lives, the integration of Al is no longer essential.

Al in FM is not merely a technological upgrade; it is a transformation catalyst that
enhances operational reliability, strategic foresight, and sustainability. The outcomes of
this thesis contribute meaningfully to Saudi Arabia’s Vision 2030, offering a practical and
scalable model for modernizing healthcare infrastructure.

The author is confident that the insights presented herein will serve as a foundational
reference for future digital transformation initiatives and will enrich the academic dialogue
around Al-driven facility governance—both within the Kingdom and globally.
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Appendices



Questionnaire

Impact of AI & Smart Facility Management KSA Hospitals

Welcome!

Thank you for participating. You are kindly requested to complete this questionnaire to
support academic research investigating the role of Artificial Intelligence (AI) and Smart
Facility Management systems (CAFM, CMMS, IWMS) in achieving operational excellence
and enhancing decision-making in healthcare facilities in Saudi Arabia.

Your responses will remain strictly confidential and will be used solely for academic
research purposes.
We appreciate your time and valuable input.

G LA I8 5 ey U ga,

Lalail 5 oo lilaaVI olS 50 (apy (canlST Cing aed ) Caagy 6 5 ¢ latiaal) 138 JlaSly Juadil) élia g 3
A4S 8 el 50} (Ui CAFM SCMMS SIWMS) 1Al s dlee fpasady Ll uadll 3 3a3 3
40 gl Ay ) ASLaal) 8 Al cliinall s,

alall sl (ol e Y dadd anaind g clalad Ay o ()5S Gila) aes,
Al iaalie s ity e Lania o S5

General Information:

This section collects basic demographic and organizational information about the
participants. It helps to categorize responses based on job roles, years of experience,
and the status of digital initiatives such as CAFM, CMMS, IWMS, or Al. These inputs
provide essential context for analyzing the results and understanding how
organizational maturity and roles influence perceptions and experiences with smart
facility technologies.

s ) ABLEYL B dl) C gl g A o) acal) Jia (S Laal) (o Al Cila glra andl] 138 Gaualy
Jia @81 jall 513 Aaliil (3ulai CAFM 5l CMMS sl IWMSS 4Alaial) Adioial) of Adad) cuf jobuall g ¢
5l il agd o aoluy Laa (AByy Lelidad g cililaiua) Ciaatl cililyd) o3 asdind s likual) slSilly
4S8 pall 300 il pa Jolidl) o 3LEL B a8 ) giaill g Auagll gall g,




Job Title / LAdi sl awal
Description
&l e/ Facility Manager
Juidl pae / Operations Manager
dubs kol w2i. / Biomedical Engineer
Alpa wiiee [ Maintenance Engineer
2l g sl J 55 / Hospital Administrator
4.3ls 2 [ Safety Technician

w8/ Maintenance Technician

*

Years of Experience / 5 Al & gl

g 5 M2 e/ years 5-2

Sl 10 M 6 = / years 10-6

4. 15 5= =1/ More than 15 years

Have you implemented a CAFM, CMMS, or IWMS system? / sl 3ok 23 Ja CAFM sl CMMS i
IWMS*

2 sl / Not yet

Y/ No

a/ Yes




*
Are there current or planned Al initiatives? / & Ukt ¢lSM aladiny Aldiaa ol ddla & ol aSoal Ja

=t/ Yes
Y/ No

Lkis/ Planned

Smart FM Systems (CAFM/CMMS/IWMS)

This section evaluates the extent to which smart Facility Management systems (such
as CAFM, CMMS, and IWMS) are implemented and their effectiveness in supporting
operational functions, such as maintenance scheduling, asset tracking, and data-

driven decision-making
*

These systems improve the quality of reporting and documentation ?

.k 385l / Strongly Agree
Sl / Agree

==/ Neutral

&l Y/ Disagree

sads 88§ Y [ Strongly Disagree

CAFM/CMMS/IWMS systems improve the scheduling of preventive and corrective
maintenance ?

saky il 4l / Strongly Agree
adl sl / Agree

Als. / Neutral

a# o ¥ / Disagree

sudy 3l Y / Strongly Disagree




*
Do you agree that these systems enable accurate tracking and documentation of assets?

saly 3l / Strongly Agree

a5l / Agree

s / Neutral

a5l ¥ / Disagree

suy 38l gl ¥ [ Strongly Disagree

*

These systems support data-driven decision-making in facility management ?

suly adl 5l [ Strongly Agree
il / Agree

u=. / Neutral

&ilsl ¥/ Disagree

sty 3840 Y / Strongly Disagree




*

These systems help optimize resource allocation (staff, equipment, spare parts) ?

sak; 385l / Strongly Agree
sl / Agree

Ala. / Neutral

&gl ¥/ Disagree

sk (a8l 5l Y / Strongly Disagree

Artificial Intelligence Integration

This section explores the integration of Artificial Intelligence in facility operations and
how Al contributes to predictive maintenance, real-time monitoring, automation, and
operational intelligence.

Al significantly contributes to improving efficiency and automation in facility management
2?

saly 3 0 / Strongly Agree
a5l / Agree

s / Neutral

@il sf Y / Disagree

sy 38l 1 Y / Strongly Disagree




Al is integrated into our facility management systems to a significant extent ?

a2y 3840 / Strongly Agree
&l / Agree

ulas / Neutral

a5l ¥ / Disagree

sak a8 of ¥ / Strongly Disagree

*

Al supports predictive maintenance in our facility ?

suly 385l / Strongly Agree

il [ Agree

s / Neutral

a4l ¥ / Disagree

sl @l ol Y / Strongly Disagree

*

Al improves real-time monitoring and performance analysis in our operations ?

.k 3i 5l / Strongly Agree
&l / Agree

ulas / Neutral

&4 Y / Disagree

32y @851 Y / Strongly Disagree




*

Al helps reduce human errors in operational decision-making ?

saty 33l / Strongly Agree

Gl / Agree

Ayl / Neutral

&5l Y [ Disagree

.ty 3840 Y / Strongly Disagree

Operational Excellence & Decision-Making

This section measures the perceived impact of smart FM and Al systems on achieving
operational excellence, including cost savings, service continuity, energy efficiency,
and sustainability and section assesses how data from smart FM systems and Al
analytics inform administrative and strategic decisions, support budget planning, and
enhance visibility for top-level management.

*

Smart FM systems contribute to achieving sustainability and energy efficiency goals ?

saky il / Strongly Agree
il / Agree

ula. / Neutral

&gl ¥ / Disagree

5.l 385l ¥ / Strongly Disagree




*

Smart FM systems help reduce our hospital’s operational costs ?

saky adl 4l / Strongly Agree
a5l / Agree

ul=. / Neutral

&5l Y / Disagree

312y @l 1 Y / Strongly Disagree

*

Smart FM systems improve equipment uptime and ensure service continuity ?

3.l .l 4l / Strongly Agree
a5l / Agree

ul=. / Neutral

@5l Y/ Disagree

1% 3l Y / Strongly Disagree

Decision-making is faster and more accurate when using FM system data ?

say il / Strongly Agree

i3l / Agree

xlas / Neutral

&5l Y / Disagree

a2y 3840 Y / Strongly Disagree




*

Smart FM systems are effective in extending the asset lifecycle ?

suly 3304l / Strongly Agree

il / Agree

A=</ Neutral

&l Y / Disagree

sak: @8l 5l Y / Strongly Disagree

Challenges and Recommendations

This section identifies potential challenges in implementing smart FM and Al
technologies, including resistance to change, lack of training, integration difficulties,
and financial or technical limitations.

*

| am satisfied with the current level of automation in our facility’s operations ?

suly 335 / Strongly Agree
G5l / Agree

uls. / Neutral

&4l ¥ / Disagree

a3 3850 Y / Strongly Disagree




Al has improved the efficiency and accuracy of FM operations in our facility ? *
5.y 3350 / Strongly Agree
&gl / Agree
2= [ Neutral
&5 Y / Disagree

sl 380 Y / Strongly Disagree

There is a clear return on investment (ROI) from implementing these technologies ? *

saky 385l / Strongly Agree
&5l Agree

= / Neutral

&l sl Y / Disagree

st @) 51 Y / Strongly Disagree

*

There is organizational resistance to adopting smart FM technologies in our hospital ?

saly 385 [ Strongly Agree
&l / Agree

s / Neutral

&5l ¥ / Disagree

2k 3840 ¥ / Strongly Disagree




*

Staff members require more training to use Al-powered systems effectively ?

3.2y 38l / Strongly Agree
a4l / Agree

uls. / Neutral

&l Y/ Disagree

sz 38 ¢ ¥ / Strongly Disagree

*

There are challenges in integrating FM systems with existing hospital IT infrastructure ?

suly 385l / Strongly Agree
&l g [ Agree

s / Neutral

&5l ¥ / Disagree

sake @8 50/ Strongly Disagree

*

Data quality and consistency are concerns in our facility's FM operations ?

sl 38 / Strongly Agree
&5/ Agree

s / Neutral

&5l ¥ / Disagree

s1% 3l | Y / Strongly Disagree




*

Financial limitations hinder the expansion or upgrading of FM systems ?

suly 384l [ Strongly Agree

G5l / Agree

s / Neutral

&5l ¥ / Disagree

a2y 38l 51 Y / Strongly Disagree

*

Smart FM systems add real operational value to our hospital ?

al; 3i 5l / Strongly Agree

&l | Agree

ulas [ Neutral

&4 ¥ / Disagree

32y 6l Y / Strongly Disagree
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