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ABSTRACT

The global heritage tourism sector is increasingly turning to
sophisticated digital technologies to address complex challenges
in operational management, economic sustainability, and cultural
preservation. This synthesis reviews recent scholarly contributions
that demonstrate the transformative impact of these technologies.
Studies employing predictive analytics, including machine learning
and autoregressive integrated moving average (ARIMA) models, are
proving effective in forecasting key economic metrics such as visitor
expenditure, enabling more robust financial planning. Simultaneously,
the integration of augmented reality (AR) anc}) deep learning algorithms
is being pioneered to create immersive and personalized visitor
experiences, which in turn drives increased visitation and revenue
generation. Furthermore, sentiment analysis and big data analytics
offer powerful mechanisms for optimizing operational performance by
systematically evaluating tourist feedback and streamlining logistical
parameters. On the operational front, Al-driven tools are critical for
enhancing safety and efficiency, particularly in managing large-scale
events through improved crowd and traffic control systems. The
adoption of Building Information Modeling (BIM) further contributes
to operational sustainability by facilitating energy efficiency, reducing
lifecycle costs, and improving collaboration among stakeholders in
heritage conservation projects. Beyond economic and operational
metrics, the digital transformation of heritage also fosters socio-
cultural benefits. Participatory planning approaches and digital
literacy programs empower local communities, enhance workforce
readiness, and ensure that conservation efforts—such as the restoration
of historical sites—reinforce cultural identity while generating local
economic benefits. The confluence of artificial intelligence, digital
transformation, and community-focused strategies creates a powerful
framework for the sustainable management of cultural heritage. These
integrated technological solutions not only optimize revenue streams
and bolster operational resilience but also promote inclusive growth
and community development. Consequently, this body of research
underscores the significant role of technology in advancing the United
Nations’ Sustainable Development Goals (SDGs), particularly SDG
8 (decent work and economic growth), SDG 9 (industry, innovation,
and infrastructure), and SDG 11 (sustainable cities and communities).
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Introduction

The global heritage tourism sector stands at a critical intersection of preservation and progress, tasked with the
dual mandate of safeguarding intangible cultural patrimony while simultaneously ensuring economic viability,
operational sustainability, and meaningful community engagement in an increasingly competitive and digitally
transformed landscape (UNWTO, 2019). In Saudi Arabia, this challenge is strategically aligned with the nation’s
ambitious Vision 2030 framework, which explicitly seeks to diversify the economy beyond hydrocarbons,
protect its rich historical legacy, and position the Kingdom as a leading global tourism destination (Saudi Vision
2030, 2016). A central pillar of this transformative agenda is the strategic harnessing of Fourth Industrial
Revolution (4IR) technologies to unlock new value from cultural assets. Consequently, a pressing and complex
research question has emerged: How can the development and implementation of Al-driven economic models
in Saudi Arabia’s beritage tourism sector optimize visitor revenue, enhance operational sustainability, and foster
local community development, thereby directly contributing to the achievement of Sustainable Development
Goals (SDGs) 8 (Decent Work and Economic Growth), 9 (Industry, Innovation, and Infrastructure), and 11
(Sustainable Cities and Communities)?

Traditional approaches to heritage management often struggle with the complexities of modern mass
tourism (see, e.g. Avrami, et.al, 2019, p.35; Silva & Roders, 2019; Poulios, 2010). These challenges include
accurately forecasting fluctuating visitor demand, creating scalable yet personalized experiences, managing
immense logistical and safety pressures during peak events like the Hajj and Umrah pilgrimages (Abalkhail &
Al Amri, 2022; Wang, 2022; Lucchi, 2025), and ensuring that economic benefits are equitably distributed to
foster local community development (Mazzetto, 2024). Artificial intelligence (Al), with its profound capacity
for predictive analytics, intelligent automation, and data-driven insight, presents a paradigm-shifting solution
to these multifaceted challenges ( see, e.g. Li et. (al, 2022; .Nag, 2024). The integration of Al into economic
models allows for a move from reactive to proactive management, optimizing revenue streams through precise
forecasting of visitor expenditure (Louati et al., 2024) and enhancing operational resilience through real-time
data analysis (Gazzawe & Albahar, 2023).

However, the application of these Al-driven economic models specifically within the unique socio-
cultural, economic, and environmental context of Saudi heritage tourism remains an area requiring systematic
synthesis and critical analysis. While studies from other regions exist, their transferability is often limited
by significant differences in tourism infrastructure, regulatory environments, and cultural contexts (see, e.g.
Bordoni, & Mele, 2016; Wang, 2022; Zhang , 2025) This review, therefore, adopts a focused geographical lens
to ensure relevance and applicability.

This paper addresses this gap by synthesizing recent empirical research that demonstrates the
transformative potential of digital technologies, guided by a stringent set of methodological criteria. Our
analysis focuses exclusively on studies that employ quantitative or mixed-methods approaches to quantify the
impact of core Al applications—such as machine learning (Bahaddad et al., 2024), predictive analytics (Louati
et al., 2024), and big data architectures (Alsahafi et al., 2023)—within heritage tourism contexts relevant to
the Gulf Cooperation Council (GCC) region. We specifically screen for research that provides measurable,
empirical outcomes on key performance indicators, including economic metrics (e.g., visitor revenue generation,
cost optimization), operational metrics (e.g., crowd management efficiency, energy savings via BIM (Liu et al.,
2023)), and socio-economic benefits (e.g., job creation, workforce readiness, and community empowerment
through participatory digital literacy programs (Abed, 2024; Badghish & Soomro, 2024)).

The ensuing analysis will explore how these technological interventions are inextricably linked to
the broader goals of sustainable development. It will argue that the digital transformation of heritage is not
merely an operational upgrade but a strategic imperative for achieving inclusive economic growth, building
resilient infrastructure, and fostering sustainable communities, as outlined by the United Nations’ SDGs. This
introduction sets the stage for a comprehensive review that positions Al and digital integration as a cornerstone
for the future of sustainable, community-centric, and economically vibrant heritage tourism in Saudi Arabia and
analogous contexts.

Problems of the Study
The research is motivated by several critical gaps and challenges in the existing literature and the practical
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domain of Saudi Arabia’s tourism sector:

1. Fragmented Application of Al: While Artificial Intelligence (A) is being adopted in tourism, its application
is often siloed. There is a lack of holistic, Al-driven economic models that integrate forecasting, operational
decision-making, and financial optimization specifically for the heritage tourism sector. Many solutions are
reactive rather than predictive.

2. Contextual Relevance Gap: Many existing Al models and studies are developed in Western contexts with
mature tourism infrastructures, different regulatory environments, and distinct tourist demographics. Their
findings and technologies are not directly transferable to the unique economic, cultural, and regulatory landscape
of Saudi Arabia and the Gulf Cooperation Council (GCC) region.

3. Lack of Empirical Evidence in Heritage Settings: There is a scarcity of empirically validated research
that provides measurable data on the economic impact (e.g., ROI, revenue generation, cost savings) of Al
applications within the specific niche of cultural and heritage tourism, as opposed to general tourism.

4. Theoretical vs. Practical Focus: A significant portion of the literature remains theoretical or conceptual,
discussing the potential of Al without demonstrating its real-world applicability through case studies,
implementation data, or quantifiable outcomes that are crucial for policymakers and industry stakeholders.

5. Overlooked Socio-Economic Dimensions: Many technical Al studies focus on algorithmic performance
but fail to connect these advancements to broader strategic goals, such as their contribution to economic
sustainability, national vision programs (e.g., Saudi Vision 2030), and alignment with global frameworks
like the Sustainable Development Goals (SDGs).

Research Questions
To address these problems, the study is guided by the following primary and secondary research questions:

Primary Research Question (RQ):
How can the development and implementation of Al-driven economic models optimize financial performance,
enhance operational sustainability, and foster strategic growth within Saudi Arabia’s heritage tourism sector?

Secondary Research Questions (Sub-Qs):

1. Technology & Application: What specific Al technologies (e.g., machine learning, predictive analytics, IoT) are
most effectively being applied to economic modeling and decision-making in heritage tourism contexts within Saudi
Arabia or comparable MENA/GCC regions?

o (Addresses screening criteria: AI-Driven Models, Al Technology Focus, Geographical Context)

2. Economic Impact & Measurement: What empirical evidence exists to demonstrate the impact of these Al
applications on key economic indicators—such as revenue generation, cost optimization, profitability, and job
creation—within the heritage tourism sector?

o (Addresses screening criteria: Economic Impact Measurement, Empirical Methodology, Empirical
Validation)

3. Contextual Transferability & Challenges: To what extent are existing Al-driven economic models, particularly
those from developed Western countries, transferable to the Saudi Arabian context, and what are the primary barriers
(e.g., infrastructure, regulatory, cultural) to their adoption and success?

o (Addresses screening criteria: Geographical Context Relevance, Economic Context Transferability)

4. Strategic Integration: How do these Al-driven models contribute to achieving broader national strategic objectives,
such as those outlined in Saudi Vision 2030, and global sustainability goals (e.g., SDGs 8, 9, and 11)?
o (This question extends slightly beyond the screening criteria to provide a broader implications
section, but is informed by the economic sustainability metric)

By answering these questions, the research aims to synthesize a coherent body of evidence that is not only
academically rigorous but also directly actionable for policymakers, tourism operators, and technology
developers in Saudi Arabia.
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3. Methodology: A Systematic Approach to Literature Synthesis Using LLM-Assisted Data Extraction
This research employs a systematic approach to literature review, enhanced by Large Language Model (LLM)-
assisted data extraction. The methodology is designed to ensure rigor, reproducibility, and a comprehensive
synthesis of knowledge relevant to Al-driven economic models in Saudi Arabia’s heritage tourism sector.
The process consisted of four distinct phases: (1) Protocol Development and Pilot Testing, (2) LLM-Assisted
Structured Data Extraction, (3) Data Validation and Cleaning, and (4) Thematic Analysis and Synthesis.

3.1. Phase 1: Protocol Development and Pilot Testing
Prior to full-scale data extraction, a detailed extraction protocol was defined to ensure consistency and accuracy.
This protocol was codified into a structured data schema with defined fields and explicit instructions for each.

e Data Schema Design: A custom data schema was developed with five primary extraction categories, each containing
specific fields:

1. Bibliographic Information: Author(s), year, title, source.

2. Study Design & Methodology: Research type (e.g., case study, predictive modeling), methodological
approach (qualitative, quantitative, mixed-methods), specific AI/ML techniques (e.g., Convolutional
Neural Network, SARIMA model), and data sources.

3. Technology & Application: Specific technologies implemented (e.g., BIM, AR, NLP), their primary
function, and the domain of application within heritage tourism (e.g., visitor experience, crowd management,
economic forecasting).

4. Findings & Outcomes: Quantitative economic results (e.g., revenue increase, cost savings), operational
metrics (e.g., efficiency gains, accuracy scores), qualitative findings, and explicit evidence of community
impact.

5. Context & Alignment: Geographical focus, relevance to Saudi context, and explicit or implicit alignment
with SDGs 8,9, and 11.

e Prompt Engineering and Pilot Testing: For each field in the schema, a precise LLM prompt was engineered. These
prompts included instructions, examples, and fallback commands (e.g., «if unclear, note <Not Specified>»). The
prompt set was rigorously pilot-tested on a sample of 10 papers not included in the final corpus. The results were
manually verified by the research team, and the prompts were iteratively refined to improve accuracy and reduce
ambiguity before deployment on the whole corpus of 66 papers.

3.2. Phase 2: LLM-Assisted Structured Data Extraction
The core extraction phase leveraged the OpenAl GPT-4 API to process the full text of each PDF document.
e Process Automation: A Python script was developed to automate the extraction pipeline. The script would:
1. Load a PDF and convert its text into a structured format.
2. Feed the text sequentially to the LLM API alongside the pre-defined set of prompts for each data
column.

3. Parse the LLM’s responses (provided in JSON format) and compile them into a master spreadsheet
(CSV file).

e Transparency and Auditability: Every LLM interaction was logged, including the exact prompt used and the full
model response. This creates an audit trail, allowing for the review and validation of every extracted data point,
ensuring the process is transparent and reproducible.

3.3. Phase 3: Data Validation and Cleaning

Recognizing the potential for LLM hallucination or misinterpretation, a robust validation procedure was

implemented.

e Human-in-the-Loop Verification: A random sample of 20% of the extracted records (approximately 13 papers) was
manually cross-checked by two independent researchers against the original source material. Inter-coder reliability
was calculated using Cohenys Kappa, yielding a score of 0.88, indicating a high level of agreement.
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e Consistency Checks: Automated scripts were run on the master spreadsheet to flag inconsistencies, such as
mismatched data types (e.g., text in a numeric field) or missing values for critical fields like <Methodology> or
«<Primary Findings>.

3.4. Phase 4: Thematic Analysis and Source Selection for Reporting

The cleaned and validated dataset formed the basis for thematic synthesis.

e Quantitative Scoring and Ranking: Each of the 66 studies was assigned a relevance score based on the pre-defined
screening criteria from the protocol (e.g., +2 for empirical study in KSA, +1 for relevant Al focus, +1 for specific
economic outcomes). This quantitative scoring provided an objective basis for ranking the literature.

e Prioritization for Reporting: While all 66 studies informed the overall understanding of the field, the final narrative
report was synthesized from the 40 studies with the highest relevance scores. This approach ensures that the
report’s conclusions are driven by the most pertinent, high-quality, and contextually relevant evidence,
providing a robust and focused answer to the research question. Thematic analysis was then conducted on
this subset to identify dominant patterns, convergent findings, and innovative

e applications across the studies.

3.5. Limitations and Ethical Considerations

This methodology acknowledges certain limitations. The effectiveness of the extraction is contingent on the
accuracy and clarity of the original source texts. Furthermore, the use of an LLM, while efficient, introduces
a dependency on the model’s training data and inherent biases. The human validation step and transparent
logging are critical mitigations against these risks. Ethically, all source materials were used in accordance with
copyright and fair use principles for academic research.

4-Results: An In-Depth Analysis of the Included Studies

The comprehensive analysis of the included studies reveals a rich and multifaceted research landscape focused
on the integration of artificial intelligence within the tourism and cultural heritage sectors. The results can be
categorized into several key areas: the predominant geographic focus, the diversity of study foci and applications,
the extensive range of Al technologies employed, the wide array of primary stakeholders involved, and the
balance between accessible and unavailable full-text research. Each of these areas demonstrates the dynamic
and rapidly evolving nature of this field of study.

4.1Geographic Context and Regional Concentrations

A striking characteristic of the research corpus is its distinct geographic concentration. The Kingdom of Saudi
Arabia emerges as the single most prominent context, with a substantial majority of studies focusing either
on a national level or on specific regions within the country. For instance, research by Louati et al. (2024) and
Ahmed (2024) adopts a macro-level, national perspective to analyze economic modeling and broader tourism
strategies, respectively. In contrast, other studies delve into specific Saudi locales, such as Alzahrani et al. (2025)
focusing on sentiment analysis in the Al-Baha region, Bahaddad et al. (2024) employing augmented reality at
heritage sites in Makkah, and Jeribi et al. (2023) developing cultural recommendation systems for Riyadh. The
management of the Hajj and Umrah pilgrimages, a critical area of focus, is addressed by Gazzawe and Albahar
(2023) and Abalkhail and Al Amri (2022) in the context of Mecca and the broader Hajj/Umrah infrastructure.
Further regional studies within Saudi Arabia include work on Al-Hijr (Alahmadi et al., 2022), Jeddah (Baik,
2021; Sampieri and Bagader, 2024), and the Ushaiger Village (Mazzetto, 2024). Beyond Saudi Arabia, the
research scope expands to include other Middle Eastern and North African nations, such as Iraq (Alnageeb
et al., 2025), Jordan (Goussous, 2020; “Artificial Intelligence Technology in Cultural Heritage Development,”
2020), Egypt (Khalil and Hashim, 2022), and Indonesia (Nugroho et al., 2025). Complementing these specific
case studies is a body of research with a global purview, including conceptual reviews and framework proposals
by Jia et al. (2023), Liu et al. (2023), and Florido-Benitez and del Alcazar Martinez (2024), which aim to derive
universally applicable insights.
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4.2Diversity of Study Foci and Application Domains

The research encompasses an exceptionally wide spectrum of focus areas, reflecting the versatile application
of Al across the tourism and heritage sectors. A significant cluster of studies is dedicated to economic and
predictive modeling, where Al is used to forecast trends and drive decision-making; this includes visitor spending
prediction (Louati et al., 2024), analyzing tourism’s role in economic growth (Waheed et al.), and evaluating
electronic tourism for sustainable development (Bahou et al., 2024). Another major theme is sentiment analysis
and customer insight, with studies like Alzahrani et al. (2025) and Sampieri et al. (2024) leveraging Al to parse
tourist reviews and measure satisfaction levels. Recommendation systems form a third critical focus, with Al-
powered engines being developed for eco-tourism (Alnaqgeeb et al., 2025) and cultural site personalization (Jeribi et al.,
2023). The domain of heritage preservation and management is particularly well-represented, covering applications
such as multilingual information delivery via augmented reality (Bahaddad et al., 2024), structural restoration using
Building Information Modeling (Goussous, 2020; Liu et al., 2023), assessing climate change vulnerability (Ramadan
et al., 2022), and community-focused conservation strategies (Mazzetto, 2023, 2024). Operational and logistical
management is another vital area, featuring Al solutions for the complex challenges of crowd and traffic control during
mass events like the Hajj (Gazzawe and Albahar, 2023; Abalkhail and Al Amri, 2022) and for smart transportation
systems in cities (Bandarupalli, 2025). Finally, research also addresses technology adoption and strategic impact,
exploring factors influencing Al acceptance among Generation Z (Abed, 2024) and small businesses (Badghish
and Soomro, 2024), as well as its overarching role in tourism marketing (Florido-Benitez and del Alcazar
Martinez, 2024) and national digital transformation agendas (Raza, 2025).

4.3 Spectrum of Artificial Intelligence Technologies Employed

The technological depth of the research is evident in the vast array of specific Al technologies and methodologies
implemented. Machine learning (ML) serves as the foundational technology for many studies, with frequent mentions
of both supervised learning algorithms—including decision trees, random forest, k-nearest neighbors, naive Bayes,
and support vector machines—for classification and prediction tasks, and unsupervised learning for pattern discovery.
(Rahmani, 2021) Natural Language Processing (NLP) is a core component for studies analyzing textual data from
reviews and surveys. Deep learning architectures, particularly Convolutional Neural Networks (CNNs), are employed
for complex tasks involving image recognition and powering augmented reality applications. (Kang et.al, 2020)
The research also showcases more specialized and hybrid technological frameworks. These include Multi-
queue Long Short-Term Memory (LSTM) networks for sequential data processing, Bidirectional Encoder
Representations from Transformers (BERT) for advanced language understanding, and generative Al models
like ChatGPT for content creation. Furthermore, studies integrate Al with other cutting-edge technologies such
as Geographic Information Systems (GIS), remote sensing, Building Information Modeling (BIM), Virtual
Reality (VR), Augmented Reality (AR), and blockchain, creating powerful synergistic tools for spatial analysis,
immersive experiences, secure transactions, and sustainable tourism development. (Shreyashre et.al, 2022)

4.4 Primary Stakeholders and Beneficiaries of the Research

The identified primary stakeholders highlight the applied and multi-stakeholder nature of this research,
which aims to bridge technological innovation with practical, on-the-ground impact. Abalkhail et.al (2022)
argue that Tourists and pilgrims are consistently positioned as key end-users, benefiting from Al through enhanced
safety, personalized experiences, richer informational access, and more efficient services. Policymakers, government
authorities, and tourism planners are another central stakeholder group, as the research is often designed to
provide these actors with data-driven insights for strategic national planning, regulatory frameworks, infrastructure
development, and sustainable destination management. Tourism businesses and professionals, including managers
of heritage sites, small and medium-sized enterprises (SMEs), and online tourism providers, are identified as
crucial beneficiaries who can leverage Al for improved marketing, operational efficiency, customer relationship
management, and overall competitiveness. Abed (2024) states that heritage managers, local communities, and
conservation practitioners are emphasized as vital stakeholders in studies focused on preserving cultural identity,
managing visitor impacts on fragile sites, and ensuring that technological adoption is inclusive and supports community
engagement and education.
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4.5 Full-Text Availability and Research Accessibility

An important aspect of the results pertains to the accessibility of the complete research documents. The corpus
is nearly evenly divided between studies for which the full text was retrievable and those for which it was not.
A significant number of studies, including those by Alzahrani et al. (2025), Bahaddad et al. (2024), Jeribi et
al. (2023), Ahmed (2024), Alsahafi et al. (2023), and Khalil and Hashim (2022), were available in full text,
allowing for a thorough and contextual analysis of their methodologies and findings. Conversely, an equally
significant portion of the literature, such as the work by Louati et al. (2024), Alnaqgeeb et al. (2025), Abed
(2024), Nugroho et al. (2025), and Florido-Benitez and del Alcdzar Martinez (2024), was not available in
full text. This means their inclusion and analysis were necessarily based on the information contained within
their abstracts and available metadata, which, while valuable, limits the depth of insight that can be gleaned
from them. This distribution underscores that a considerable segment of the current knowledge and latest
research in this field is represented primarily by its citations and summaries, pointing to potential challenges in
comprehensive literature synthesis.

5-Discussion: synthesis of Study Characteristics: Geography, Technology, and Stakeholders

An analysis of the geographic focus reveals a strong concentration on the Kingdom of Saudi Arabia, with twelve
studies operating at a national level and a further thirteen drilling down into specific cities or regions within the
country, such as Makkah, Riyadh, and Al-Baha. The scope extends to other Middle Eastern and North African
nations, including Iraq, Jordan, and Egypt, which were the focus of five studies. Beyond this region, one study
each was set in Indonesia and China. A significant portion of the literature, seven studies, adopted a global
perspective, offering conceptual frameworks or broad reviews intended for wider application. One study did
not specify a geographic context.

The types of artificial intelligence technologies deployed across these studies were highly varied, reflecting
the diverse applications within tourism and heritage. Machine learning was the most prominent approach,
explicitly cited in ten studies, followed by eight studies utilizing big data or broader analytics methodologies.
Natural language processing was a key component in seven studies, primarily for sentiment analysis of tourist
feedback. Augmented and virtual reality technologies were featured in six studies, often for enhancing visitor
experiences at cultural sites. Other significant technologies included computer vision (four studies), geographic
information systems (GIS), remote sensing, and geospatial Al (three studies), and building information modeling
(three studies). Deep learning and blockchain were each identified in two studies, while more niche applications
like recommendation systems, the Internet of Things, and robotics were noted once each. Six studies employed
non-technological methods such as surveys, qualitative interviews, or conceptual reviews, and four studies did
not specify a particular Al technology.

The identified primary stakeholders highlight the interdisciplinary and practical impact of this research.
Policymakers, government authorities, and planners were the most frequently cited audience, featured in
nineteen studies, underscoring the strategic importance of Al for national and regional development. The
tourism sector, including businesses, managers, and employees, was a central stakeholder in sixteen studies.
Direct beneficiaries, namely tourists, visitors, pilgrims, and consumers, were the focus of fourteen studies.
Heritage and cultural site managers were a key group in twelve studies, emphasizing the application of Al in
preservation and management. The local community was identified as a primary stakeholder in five studies,
while researchers, transport authorities, and developers were mentioned less frequently. A small number of
studies omitted stakeholder information.

5.1Thematic Analysis

AI-Driven Visitor Revenue Optimization

Research demonstrates a strong focus on leveraging Al for economic forecasting and enhancing visitor value.
Studies by Louati et al. (2024) and Alsahafi et al. (2023) utilize advanced machine learning and big data analytics
to predict spending patterns and identify key parameters that influence tourism revenue. Complementary
work by Bahaddad et al. (2024) and Sampieri et al. (2024) utilizes augmented reality and sentiment analysis
to improve the visitor experience, aiming to drive increased visitation and spending. However, while these
studies establish operational improvements as proxies for revenue growth, only a minority provide concrete
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quantitative economic outcomes, highlighting a gap in empirical evidence directly linking Al interventions to
specific financial metrics.

5.2 Operational Sustainability Through Al Implementation

Al applications show significant promise in enhancing the operational sustainability of heritage tourism. In
the context of large-scale events, research by Abalkhail and Al Amri (2022) and Gazzawe and Albahar (2023)
demonstrates how Al-driven systems improve crowd and traffic management, leading to safer and more
efficient operations. For site management, studies by Liu et al. (2023) and Baik (2021) illustrate how Building
Information Modeling (BIM) supports energy efficiency, cost reduction, and better collaboration. A common
limitation across these studies is that claims of operational efficiency are often qualitative, with a need for more
rigorous empirical measurement of long-term sustainability outcomes.

5.3 Community Development and Stakeholder Engagement

The role of technology in fostering inclusive growth is another prominent theme. Mazzetto (2024) documents
a heritage restoration project that generated tangible local economic benefits and strengthened cultural identity.
Further studies by Abed (2024) and Badghish and Soomro (2024) explore how digital literacy and Al integration
can advance workforce readiness and empower local enterprises. A key variation noted across the literature is
the degree of community involvement; while some studies champion participatory, bottom-up approaches,
others describe more top-down technological implementations. Several authors also caution that digital literacy
gaps and infrastructure limitations remain significant barriers to equitable community engagement.

5.5 Heritage Preservation and Cultural Authenticity

A critical strand of research examines the intersection of technology with cultural preservation. Scholars are
exploring immersive technologies, such as the augmented and virtual reality systems detailed by Bahaddad
et al. (2024) and Eyadah and Odaibat (2024), to create engaging experiences that protect physical heritage
from overuse. Simultaneously, digital tools like those discussed by Liu et al. (2023) are being used for precise
conservation and restoration work. Nonetheless, studies by Alahmadi et al. (2022) and Sampieri and Bagader
(2024) sound a note of caution, raising concerns about potential cultural erosion and over-commercialization.
This underscores a consensus that Al applications must be context-sensitive to successfully balance economic
development with the imperative of heritage protection.

5.6 Analysis of SDG Alignment and Sustainable Development Outcomes

The extensive body of research demonstrates a profound and deliberate alignment with the United Nations
Sustainable Development Goals (SDGs), forming a cohesive narrative where artificial intelligence is positioned
as a critical enabler for sustainable development within the global tourism and cultural heritage sectors. The
analysis reveals that the overwhelming majority of studies explicitly or implicitly target a core cluster of SDGs:
SDG 8 (Decent Work and Economic Growth), SDG 9 (Industry, Innovation, and Infrastructure), and SDG 11
(Sustainable Cities and Communities). This trifecta underscores a holistic approach to development, where
economic advancement is inextricably linked to technological innovation and the sustainable management of
cultural and urban spaces. The measured impacts, derived from a diverse portfolio of Al applications, provide
compelling evidence of tangible progress toward these goals, ranging from macroeconomic modeling and
massive infrastructure investment to granular improvements in visitor safety and community inclusion.

5.7 Economic Impacts (SDG 8 Alignment)

The pursuit of SDG 8 is vividly illustrated through studies that deploy Al for predictive economic modeling,
operational efficiency, and enterprise support. The work of Louati et al. (2024) is a prime example, utilizing
advanced machine learning techniques, including autoregressive integrated moving average models, to predict
visitor spending patterns. Their projection of a potential SAR 2.2 trillion in expenditure is not merely a forecast
but a foundational tool for policymakers to strategically invest in tourism infrastructure and workforce
development, directly contributing to sustained economic growth. This macro-level focus is complemented by
enterprise-level research, such as that by Badghish and Soomro (2024), which investigates how machine learning
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and big data analytics can be adopted by small and medium-sized enterprises (SMEs) in Jeddah. Their findings,
which include measured impacts like significant cost reduction and enhanced business performance, are crucial
for fostering entrepreneurship and creating decent work within the local tourism ecosystem. Similarly, Wang
and Zhang (2024) explore the use of generative Al (e.g., ChatGPT) in tourism SMEs in China, measuring its
positive effect on Environmental, Social, and Governance (ESG) performance, thereby linking economic activity
to broader sustainability metrics. Furthermore, studies like Ahmed (2024) assess the human capital dimension,
using surveys and analytics to evaluate workforce readiness for Al integration, ensuring that economic growth
is inclusive and built on a foundation of skilled employment. The research by Waheed et al. strengthens this
economic pillar by empirically validating, through autoregressive distributed lag and cointegration models, the
positive relationship between tourism development, non-oil exports, and GDP growth—projecting a $70 billion
contribution—while also intriguingly linking this growth to renewable energy adoption, creating a bridge to
environmental goals.

6.Technological Innovation and Infrastructure (SDG 9 Alignment)

The alignment with SDG 9 is unequivocal, as every study contributes to building resilient infrastructure,
promoting inclusive industrialization, and fostering innovation. The Al technologies themselves represent the
core of this innovation. For instance, Jeribi et al. (2023) employ a sophisticated multi-queue long short-term
memory network combined with a knowledge integration component and context vector clustering to create a
highly advanced cultural tourism recommendation system for Riyadh. This represents a significant technological
innovation specific to the region’s needs. The work on smart infrastructure is particularly salient in the context
of Saudi Arabia’s major events. Bandarupalli (2025) utilizes random forest and gated recurrent unit algorithms
to optimize smart transportation systems, citing a targeted $100 billion investment aimed squarely at reducing
congestion and improving urban mobility, a key aspect of resilient infrastructure. Similarly, Abalkhail and Al
Amri (2022) and Gazzawe and Albahar (2023) design Al-driven systems integrating geographic information
systems, mobile applications, and fifth-generation wireless technology to revolutionize crowd and traffic
management for the Hajj and Umrah pilgrimages in Mecca. This addresses a critical infrastructure challenge
on a massive scale, ensuring safety and efficiency. The focus on heritage infrastructure is also prominent, with
Goussous (2020) demonstrating how Building Information Modeling and computer-aided design can make
the restoration of iconic sites like Petra in Jordan faster and cheaper, while Liu et al. (2023) propose a global
framework integrating BIM with AR/VR and IoT for enhanced stakeholder engagement and energy efficiency
in heritage tourism.

6.1 Sustainable Communities and Cultural Preservation (SDG 11 Alignment)

The commitment to SDG 11 is manifested through applications aimed at making cities and human settlements
inclusive, safe, resilient, and sustainable, with a powerful emphasis on protecting the world’s cultural and natural
heritage. The research of Ramadan et al. (2022) is critical here, as they employ remote sensing and geographic
information systems to map and assess the vulnerability of heritage sites in Medinah, Hail, and Tabuk to climate
change, providing decision-makers with essential data for safeguarding cultural assets against environmental
threats. The social dimension of sustainability is addressed by studies focusing on community engagement
and visitor experience. Nugroho et al. (2025), in their study of a heritage site in Indonesia, use chatbots and
augmented reality not only to engage tourists but also to promote digital literacy and inclusion within the local
community. Sampieri and Bagader (2024) and Alahmadi et al. (2022) utilize qualitative methods to ensure
that tourism development at sites in Jeddah and Al-Hijr, respectively, incorporates the perspectives of local
communities and SMEs, striving for a balance between economic opportunity and cultural preservation. The
measured outcome of over 100 buildings restored in Ushaiger Village (Mazzetto, 2024) is a direct testament
to the role of Al-informed restoration in strengthening cultural identity and fostering sustainable communities.
Moreover, the use of Al for enhancing the qualitative experience of a place—through multilingual AR applications
for pilgrims in Makkah (Bahaddad et al., 2024), sentiment analysis to improve service quality at heritage sites
like Hegra (Sampieri et al., 2024), and virtual building information modeling for the historic district of Jeddah
(Baik, 2021)—all contribute to making cultural spaces more accessible, understandable, and sustainable for
both residents and visitors alike.
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The synthesis of these studies reveals a sophisticated and multi-layered effort to harness the power

of artificial intelligence as a primary driver for achieving the 2030 Agenda for Sustainable Development. The

technologies are not implemented in a vacuum; they are carefully targeted to address specific economic, innovative,

and social-cultural challenges within their unique geographic and operational contexts. From national economic

strategies to local community engagement and the preservation of ancient heritage, the measured impacts

documented across this research portfolio provide a robust evidence base for the transformative potential of Al

in building a more sustainable future for the global tourism and heritage sectors. Patterns Across 40 Studies:

Artificial Intelligence Application:

O O O O O O

O 0O O O 0O 0O 0o O O

Machine Learning: 9 studies

Natural Language Processing: 6 studies

Augmented/Virtual Reality: 5 studies (Augmented Reality: 5, Virtual Reality: 3)
Deep Learning: 2 studies

General Artificial Intelligence (not further specified): 7 studies

Analytics approaches (including surveys, structural equation modeling, technology acceptance model,
autoregressive distributed lag, panel cointegration model, big data):9 studies
Blockchain:3 studies

Geographic information systems/remote sensing:2 studies

Robotics:1 study

Chatbots:1 study

Digital platforms or digital feedback:2 studies

Building information modeling/computer-aided design:3 studies

Internet of Things:1 study

Conceptual or qualitative approaches:4 studies

No mention found for artificial intelligence application:4 studies

e Measured Impact:

O

O O O O O O O

Operational or management efficiency (including satisfaction, recommendations, performance, traffic/
crowd management, smart destination):17 studies

Economic or financial impacts (expenditure, gross domestic product, investment, growth, cost reduction,
revenue):14 studies

Sustainability, Sustainable Development Goal alignment, green development, or environmental, social,
and governance performance:11 studies

Policy, framework, or strategic recommendations:11 studies

Restoration (including risk mapping, buildings restored):6 studies

Cultural or heritage preservation:4 studies

Job creation or workforce readiness:3 studies

Community engagement or stakeholder involvement:2 studies

Education or digital literacy:2 studies

No mention found for measured impact information

o Implementation Context:

O 0O O O O

Saudi Arabia (national, city, and region-specific):25 studies

Global level:7 studies

Jordan:2 studies

Iraq, Indonesia, Egypt, China, Middle East and North Africa:1 study each
No mention found for location:1 study

e By Sector or Theme:

©)
@)

Heritage or cultural tourism/sites:15 studies
Tourism (general, electronic tourism, sustainable tourism):7 studies
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Small and medium-sized enterprises:2 studies
Digital transformation or online tourism:2 studies
Hajj/Umrah or religious tourism:2 studies

Smart tourism destinations:2 studies

o O O O O

Transport and museums:1 study each

7. Conclusion

This study set out to investigate how Al-driven economic models can optimize financial performance, enhance
operational sustainability, and foster strategic growth within Saudi Arabia’s heritage tourism sector. The
synthesis of 40 high-relevance studies reveals that artificial intelligence is not merely an incremental tool but a
transformative force capable of addressing complex challenges in economic forecasting, operational efficiency,
community engagement, and cultural preservation. The findings demonstrate that technologies such as machine
learning, predictive analytics, natural language processing, and augmented reality are already delivering
measurable impacts—from forecasting visitor expenditure and optimizing crowd management during the Hajj
to enhancing stakeholder collaboration through BIM and empowering local communities via digital literacy
initiatives.

The results affirm that Al applications are strongly aligned with key sustainable development goals—
particularly SDG 8 (economic growth),SDG 9 (industry and innovation),and SDG 11 (sustainable communities)—
thereby supporting Saudi Arabia’s Vision 2030 objectives. However, the research also highlights significant gaps.
There remains a scarcity of empirical studies offering robust quantitative evidence of direct economic impacts,
and many operational claims are still supported by qualitative or proxy metrics. Furthermore, the transferability
of Al models from Western contexts remains limited, underscoring the need for localized, culturally sensitive Al
solutions tailored to the GCC region.

In light of these findings, future research should prioritize the development of integrated Al-economic
models that combine forecasting, real-time decision-making, and community-centric indicators. Greater emphasis
must be placed on collecting and publishing empirical outcome data, especially in relation to job creation,
SME performance, and long-term sustainability metrics. Finally, fostering interdisciplinary collaboration among
technologists, policymakers, economists, and local communities will be essential to ensure that Al serves as an
inclusive and sustainable tool for heritage tourism development.

This review confirms that the strategic integration of Al technologies holds significant promise for
enhancing the resilience, inclusivity, and economic vitality of heritage tourism. By addressing current limitations
and deepening context-specific applications, Saudi Arabia can not only advance its national tourism goals but
also establish itself as a global leader in the sustainable and technologically advanced management of cultural
heritage.
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