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The convergence of Mining Heritage Tourism (MHT) and Artificial Intelligence
(AI) presents a transformative paradigm, reshaping heritage preservation, visitor
engagement, and sustainable growth. This paper investigates the dynamic synergy
between these realms, probing how Al-driven technologies can augment the
authenticity, accessibility, and educational significance of mining heritage sites.
Focusing on the profound impact of Al on MHT, this study centers its examination
on the Barr Conglomerate located in the culturally rich Pali District, India. Employing
a mixed-methods approach involving survey data analysis and neural network
modelling, the research work explores AI applications that enhance visitor
experiences, interpret historical narratives, optimize resource allocation, and mitigate
the adverse effects of over-tourism. The study meticulously navigates a vast landscape
of Al technologies, spanning machine learning, natural language processing, and
augmented reality, show-casing their potential to enrich encounters with mining
heritage. While AI promises to revolutionize heritage management, the paper
emphasizes the critical importance of ethical considerations and cultural sensitivities.
Balancing innovation with preservation, the study advocates for an inclusive approach
that honors diverse cultural values and encourages community engagement. Through
this exploration, the paper delves into the practical implementation of Al, unveiling
best practices lessons learned and illuminating challenges and opportunities.
Ultimately, this research work envisions a future where Al empowers mining heritage
to transcend temporal boundaries, cultivating immersive experiences resonating with
authenticity, global understanding, and sustainable stewardship.

1. Introduction

The tourism industry has experienced a shift

impacts [7-9]. In  rapid technological

with the rise of heritage tourism, notably in mining
heritage tourism (MHT), where historical mining
sites become cultural attractions [1]. MHT offers a
unique travel experience, connecting history,
culture, and human ingenuity by exploring former
mining sites and their stories [2]. As the world
evolves, MHT becomes crucial in preserving our
past and bridging it with the present and future [3,
4]. Beyond  historical preservation, MHT
safeguards collective heritage, providing insights
into miners' lives and contributing to regional
development [4-6]. Culturally, MHT offers a
platform for storytelling and education, deepening
understanding of mining's history and societal
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advancements, Al enhances MHT by improving
tourist experiences, administrative efficiency, and
site preservation [10, 11].

Al, encompassing machine learning (ML),
natural language processing (NLP), computer
vision, and robotics has transformed various
industries [12, 13]. In tourism, Al-driven chatbots
enhance customer support [14], recommendation
engines tailor travel itineraries [15], and in heritage
tourism, Al contributes to site management and
promotion [16]. Al technologies such as NLP
enable multilingual audio guides, while computer
vision digitally reconstructs historical mining
processes. ML predicts visitor patterns, optimizing
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resource allocation and enhancing safety measures. The study prioritizes recent, peer-reviewed articles
Al also aids in conserving physical artefacts and within the last two decades, aiming to develop ML
structures and managing tourism's impact on techniques tailored for mining heritage sites
fragile ecosystems [17-19]. (MHSs) managed by Barr Conglomerate. Research

This research work explores the intersection of questions delve into the potential of ML algorithms
Al and MHT, aiming to identify strategies and to predict and enhance tourist footfall, personalize
applications that strengthen site engagement, tourist experiences, utilize sentiment analysis for
sustainability, and preservation. The goal is to site management, and develop strategies for
unlock innovative solutions for heritage tourism sustainable resource allocation. The findings and
management, contributing to cultural and historical recommendations are context-specific and tailored
heritage preservation. for MHSs managed by Barr Conglomerate in India,

The methodology involves a comprehensive acknowledging potential limitations such as data
review of Al's role in the tourism industry, focusing quality and ethical considerations.

on integrating Al into various aspects of tourism.
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Step 1

*Study Design.
* Determining to use mixed-method study.

Step 2

*Literature Review
» Comprehensive review of peer-reviewed articles within last 2 decades

( Step 3
*Data collection of Barr Conglomerate
*Develop surveys for quantitative data, including closed and open-ended questions. Administer surveys using
a stratified sampling method to ensure demographic representation. Conduct in-depth interviews with key
stakeholders to gather qualitative data.

\__*Employ thematic surveys to capture detailed narratives on stakeholder perspectives in the MHT context.

J/

Step 4

+and analysis of Correlation and Multilayer Perceptron (MLP) Neural Network between identified and
surveyed variables

Step 3
*Practical Strategies and Policies formulation for Uplifting Barr Conglomerate

Figure 1. Methodology flowchart.

2. Theoretical Framework

In establishing the theoretical groundwork for
the study, MHT 1is contextualized through
renowned models. The Butler Model's stages of
destination evolution [20] serve as a lens to

understand the developmental trajectory of MHSs decline.
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(Figure 2). This is essential for recognizing the
transformative potential of these sites over time.
Over time, most sites move towards points D and
E unless intervention is made to rejuvenate them as
tourist sites, causing economic destabilization and
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Rejuvenation A

Critical range of
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Development

Involvement

Exploration

Time
Figure 2. Butler model showing the development
trajectory of MHSs (Source: Hieu & Nwachukwu,
2019).

Additionally, the contextual model accentuates
the importance of cultural and historical context,
guiding the study's exploration of how these facets
shape visitor perceptions and experiences at Barr
Conglomerate. The preservation of cultural
heritage is intricately tied to ethical considerations.
The Nara Document on Authenticity [11] sets the
stage for understanding the principles that
safeguard the authentic identity of cultural
heritage, ensuring the responsible management of
mining historical sites. The conservation of cultural
heritage model [2] further reinforces the ethical
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dimensions associated with heritage preservation,
offering insights that align with the study's focus on
preserving the cultural integrity of Barr
Conglomerate. Figure 3 depicts the model’s
consideration ~ of  commercialization  and
optimization policies for ethical heritage
conservation.

o ————— - —— Cultural Heritage Preservation -

Cultural
Heritage

LU U U U U U U

Figure 3. Cultural heritage model.

Building upon these heritage-focused theories,
the theoretical foundation extends to Al
applications in tourism management. The
Destination Management System (DMS) model
bridges the heritage context to broader tourism
strategies [19]. Figure 4 depicts the categories for
strategy development under this model. This model
guides the study in exploring how Al can be
employed for efficient resource allocation and
personalized  visitor  experiences, tailoring
strategies to the unique characteristics of MHT.

Tourists

N

Suppliers

Intermediateries

Technology

providers

Government

National
tourism boards

Support
suppliers:
banking,

environment,
health

NGOs,
cooperatives
and tourism
association

Figure 4. Destination management system model.
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Established models play a pivotal role in the
intersection of Al and heritage tourism. The
experience economy model provides a framework
for transforming services into memorable
experiences, aligning with the study's goal of
enhancing  visitor  engagement at  Barr
Conglomerate (refer to Figure 5).

Journal of Mining & Environment, Vol. 15, No. 4, 2024

The Smart tourism destination framework (refer
to Figure 6) complements this by offering insights
into integrating Al for efficient destination
management, providing a roadmap for the study's
exploration of Al-driven strategies for revitalizing
MHT.

Antecedents: : :
: Evaluation of the Experience Consequences
Experience Economy

Constructs

Visitor
Engagemen

Figure 5. Experience economy model — antecedents, evaluation, and consequences.
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Figure 6. Smart tourism destination framework.
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This interconnection between theoretical
frameworks and the study ensures seamless
integration of heritage-focused concepts with Al
applications. It guides the empirical investigation,
enabling a comprehensive exploration of how these
theories manifest in Barr Conglomerate, India, and
how Al can be strategically applied for sustainable
and enriched MHT.

3. Literature Review

The research paper explores the relationship
between heritage tourism, technology, and Al It
examines the historical and cultural significance of
MHSs and role in attracting tourists. The paper also
highlights the role of technology in reshaping
visitor experiences and enhancing management
strategies. The review also examines the evolving
landscape of Al applications in heritage tourism
and management, including ML algorithms, NLP,
and computer vision. These technologies analyses
visitor behavior, predict tourism trends, and
optimize site management. The paper critically
evaluates the effectiveness of these Al-driven
solutions in preserving cultural heritage, improving
visitor engagement, and ensuring sustainable
tourism practices. The literature review provides a
solid foundation for the research paper.

3.1.1. Mining heritage tourism (MHT)

MHT is a captivating niche within the broader
cultural and heritage tourism spectrum. It entails
exploring and interpreting former mining sites,
artefacts, and stories associated with resource
extraction and industrial activities [21]. As visitors
delve into these sites' historical and cultural
significance, they engage in a multifaceted journey
encompassing  history, technology, human
resilience, and the evolution of societies [22, 23].
This study aims to explore MHT in-depth, offering
insights into its definition, key characteristics, and
profound importance in cultural preservation and
sustainable tourism practices. MHT refers to
visiting and experiencing sites that once played
pivotal roles in mining activities [24]. These sites
typically comprise various elements, including
physical structures like mine shafts, tunnels,
processing plants, machinery, and intangible
components like stories, oral traditions, and
historical documents. Through guided tours,
interactive exhibits, and immersive experiences,
visitors gain a deeper understanding of the history,
technology, and social impact of mining endeavors
[2], [4], [21], and [25].

1197

Journal of Mining & Environment, Vol. 15, No. 4, 2024

1. Historical significance: MHT sites are
deeply rooted in history, show-casing
industrial revolutions and technological
advancements that shaped societies. Visitors
can imagine miners' labor, machinery clang,

and techniques that transformed the
landscape, allowing a step back in time [3],
[26].

2. Multidimensional experience: These sites
cater to diverse interests including historical
enthusiasts who  appreciate  artefact
preservation, geologists, and engineers who
study resource extraction, local communities
who value heritage conservation, and
tourists seeking education and entertainment
in a multidimensional experience [10], [15].

3. Education and interpretation: MHT
emphasizes education and interpretation,
offering expert-led guided tours, interactive
exhibits, and multi-media presentations to
provide insights into historical context,
social  dynamics, and technological
evolution in mining communities [27-28].

4. Cultural and industrial identity: MHSs
significantly influence local communities'
identities by preserving miners' stories and
socio-economic impacts, fostering a sense of
pride and identity among local populations,
and serving as tangible links to the past [2],
[31, [16], and [29].

5. Environmental context: MHSs, often
characterized by picturesque landscapes and
industrial remnants, reflect the complex
relationship between human activities and
the environment, promoting discussions
about resource extraction's ecological
consequences and subsequent restoration
efforts [30, 31].

MHT holds immense significance in the realm
of cultural preservation. As societies progress and
industries evolve, the vestiges of past endeavors are
often at risk of being lost or forgotten. These sites
provide physical links to our industrial heritage,
allowing us to connect with the stories of our
ancestors and the innovations that shaped the
course of history [32]. The preservation of mining
heritage not only conserves physical structures but
also preserves intangible aspects such as oral
histories, folk traditions, and the social fabric of
mining communities.

Furthermore, MHT serves as a conduit for
cross-cultural understanding. As visitors from



Nag and Mishra

diverse backgrounds engage with the stories of
miners from different eras and regions, they gain
insights into the shared human experience of labor,
innovation, and adaptation [33, 34]. The exchange
of ideas and perspectives fosters empathy and
contributes to the broader dialogue of global
heritage [35].

MHT offers a substantial potential for tourism
development and economic sustainability. Many
former mining communities face economic
challenges after ceasing mining activities [36]. By
repurposing these sites into tourist attractions,
communities can leverage their historical and
cultural assets to stimulate economic growth. The
infusion of tourist spending supports local
businesses, stimulates entrepreneurship, and
creates employment opportunities, ultimately
improving these communities' overall quality of
life [37]. Moreover, MHT contributes to the
sustainability of tourism practices. These sites
often coexist with natural landscapes, providing an
opportunity to show-case the intersection of
industrial history and ecological beauty. Properly
managed tourism can raise awareness about
responsible land use, the impact of human activity
on ecosystems, and the importance of sustainable
tourism practices [28]. The infusion of economic
resources from tourism can also aid in conserving
and restoring these sites, ensuring their longevity
for future generations.

Journal of Mining & Environment, Vol. 15, No. 4, 2024

MHT is a dynamic and multifaceted endeavor
exploring history, technology, culture, and
sustainability. Through exploring former mining
sites and the narratives they embody, visitors gain
insights into the challenges and triumphs of
resource extraction, the evolution of societies, and
the profound interplay between humans and their
environment [36], [38]. MHT enriches our
understanding of the past and is a beacon of cultural
preservation and a catalyst for sustainable tourism
development. In a world where progress often
comes at the expense of historical continuity, MHT
provides a tangible bridge that connects our past,
present, and future.

3.1.2. Role of technology, particularly Al in
tourism industry

The role of technology, especially AL in the
tourism industry has garnered significant attention
from researchers and practitioners alike. Al is
reshaping how tourists plan, experience, and
remember their journeys as the digital landscape
evolves [10], [39]. This section reviews the related
literature on the multifaceted impact of Al on the
tourism industry. It explores the multidimensional
effects of Al on customer experiences, destination
management, marketing, and sustainability while
delving into the challenges and ethical
considerations accompanying this technological
revolution (refer to Table 1).

Table 1. Significant dialogues about role of technology, particularly Al in tourism industry

Role

Technological revolution

Enhancing customer
experiences

Al technologies have significantly improved the travel experience for tourists by providing real-time assistance,
personalized recommendations, and tailored itineraries, accommodations, and activities. These Al-driven
algorithms enhance customer satisfaction, facilitate informed decision-making, and enhance travel experience [40,
41].

Transforming destination
management

Al is crucial in destination management, providing predictive analytics to understand travel trends and demand
patterns. It also aids in dynamic pricing models, enhancing revenue optimization. Al-driven analytics also help in
crowd management, promoting sustainable tourism and minimizing negative impacts on local communities [7],
[27].

Revolutionizing marketing
strategies

Al-powered technologies have revolutionized destination marketing by analyzing vast data to understand traveler
preferences, creating targeted campaigns, categorizing and tagging visual assets, and providing immersive previews
of destinations through virtual reality and augmented reality. These technologies enable potential travelers to make
informed decisions about their travel experiences [11], [17], and [31].

Facilitating sustainability
and responsible tourism

Al transforms smart destinations by improving infrastructure, resource allocation, and sustainability. It optimizes
energy and water usage, reducing environmental impact. Al also helps manage over-tourism by providing insights
into travel patterns and promoting responsible tourism that benefits travelers and local communities [42-43].

Ethical considerations and
challenges

AT's potential to revolutionize the tourism industry raises ethical concerns including potential privacy violations,
unequal access to travel opportunities, and the reinforcement of stereotypes in recommendation systems. The loss
of human touch in hospitality services and the potential for Al to replace human interactions also raise questions
about the balance between technology and genuine human experiences [15], [44].

Future directions and
research gaps

Future research on Al integration with sustainability and ethical implications in tourism is crucial. Examining the
ethical implications of protecting individual rights and minimizing discrimination is essential. Frameworks for
responsible Al implementation are being developed, and challenges like algorithmic transparency require further
investigation [45-47].

The literature unequivocally underscores the
transformative influence of Al in the tourism
industry. From enhancing customer experiences to

optimizing destination management, marketing,
and sustainability practices, Al is a powerful tool
shaping the future of travel [48-51]. While
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embracing Al offers manifold benefits, it also
demands vigilance to navigate the ethical and
societal implications that arise. As the tourism
landscape evolves, harnessing Al's potential while
addressing its challenges will be crucial in creating
a technologically advanced yet responsible and
inclusive tourism ecosystem. This literature review
provides a robust foundation for understanding the
pivotal role Al plays in shaping the present and
future of the tourism industry.

3.1.3. Al applications in heritage tourism and
management

Integrating Al into heritage tourism and
management has introduced innovative solutions
that enhance visitor experiences, preserve cultural
heritage, and streamline management practices.
This exploration delves into the existing body of
research that illuminates the diverse ways Al is
applied to heritage tourism, spanning areas such as
interpretation, conservation, accessibility, and
sustainability.

Al has redefined visitors' engagement with
heritage sites by offering personalized and
immersive experiences. Al-powered chatbots
provide real-time information and interactive
storytelling, guiding visitors through historical
narratives and contextual information [52].
Moreover, Al-driven virtual and AR applications
enable users to explore reconstructed historical
environments virtually, offering a tangible
connection to the past. Al technologies contribute
to the interpretation and education aspects of
heritage tourism [53]. NLP and ML algorithms
enhance accessibility and accommodate diverse
audiences by creating multilingual audio guides
and interactive exhibits. Al-driven platforms create
dynamic learning experiences, making heritage
sites more appealing to visitors. Al is crucial in
conserving and preserving heritage sites and
artefacts [54]. Drones with Al-powered cameras
conduct site surveys, monitor structural integrity,
and assist in heritage documentation. Image
recognition and computer vision algorithms aid in
analyzing  degradation and  deterioration,
facilitating timely interventions [2]. Al-driven data
analysis contributes to predictive maintenance,
ensuring the longevity of historic structures and
artefacts. Al supports sustainable management
practices by optimizing resource allocation and
reducing environmental impact [11]. ML
algorithms efficiently allocate resources like
security personnel and amenities, analyzing visitor
patterns and behaviors. They also aid in crowd
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management, preventing overcrowding,
minimizing wear and tear on sensitive heritage
sites, and preserving the visitor experience [7], [9].

Despite the transformative potential of Al
challenges persist. Ethical concerns related to data
privacy and consent require careful consideration.
Algorithmic biases and the digital divide may lead
to uneven access to Al-enhanced experiences,
exacerbating social inequalities [55, 56]. Al's
evolution necessitates interdisciplinary
collaboration between heritage experts,
technologists, and stakeholders to overcome
challenges and maximize its potential. Al
applications have revolutionized heritage tourism
and management, enhancing visitor engagement
and conservation efforts. However, ethical
considerations are crucial for Al implementation.
As technology advances, continued research and
collaboration will drive Al's role in heritage
tourism, enriching our understanding of the past
and shaping the future of cultural preservation and
visitor experiences.

3.2. Gaps in literature

MHT and its intersection with Al and ML
present a fertile ground for research; however,
several gaps persist in the existing literature.
Identifying these gaps is crucial for understanding
the areas where further exploration is needed:

1. Limited integration of AI in MHT: While
Al applications are widely explored in the
broader tourism industry, there is a scarcity
of studies explicitly focusing on integrating
Al and ML techniques in the context of
MHT. This gap hinders a comprehensive
understanding of Al's potential benefits in
preserving and managing MHSs [52, 53].

2. Inadequate exploration of cultural and
ethical implications: Studies often overlook
the balance  between  technological
innovation and cultural preservation in
MHT, neglecting ethical concerns like
visitor privacy and cultural narrative
respectfulness. The socio-cultural impact of
Al implementation on local communities is
also underexplored [15], [44].

3. Insufficient focus on visitor experiences:
While some studies touch upon Al's
potential to enhance visitor experiences, a
detailed exploration of personalized Al-
driven experiences is lacking.
Understanding how Al can cater to diverse
visitor preferences and interests within
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MHS:s is essential for creating engaging and
immersive experiences [40-41].

4. Scarcity of interdisciplinary perspectives:
This research work aims to bridge the gap
between heritage management and Al by
advocating for an interdisciplinary approach
that involves collaboration from experts,
technologists, policy-makers, and
communities, emphasizing the symbiotic
relationship between Al and heritage
preservation [27, 28].

5. Balancing technology and authenticity:
More research is needed to discuss how Al
can augment visitor experiences without
compromising the authenticity and tangible
connection to heritage sites. This study
intends to explore strategies that ensure Al-
enhanced interactions complement, rather
than replace, the profound emotional and
cultural connections visitors seek in heritage
tourism [10], [39].

6. Limited long-term sustainability studies:
There is a gap in longitudinal studies
evaluating the long-term sustainability of Al
applications in MHT. Investigating the
adaptability of Al-driven strategies over
time, especially concerning changing visitor
behaviors and technological advancements,
is crucial for ensuring the continued success
of these initiatives [42, 43].

7. Cultural sensitivity: Al applications in
heritage tourism must align with the diverse
cultural sensitivities of  different
communities and regions. This study
explores how Al can be tailored to respect
cultural nuances, ensuring that technological
interventions are contextually appropriate
and respect local heritage values [2-3], [16],
and [29].

8. Educational effectiveness: The educational
impact of Al-driven interpretive tools and
immersive experiences still needs to be
addressed in the literature. This research
work investigates how Al technologies
enhance the educational value of heritage
tourism, particularly in fostering deep
engagement, critical thinking, and historical
understanding among visitors [27, 28].

9. Underrepresentation of  developing
regions: Most existing literature primarily
focuses on developed regions with well-
established tourism infrastructures. There is
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a need to explore the challenges and
opportunities in integrating Al in MHT
within developing regions, where resource
constraints and cultural nuances may present
unique challenges [45-47].

By addressing these gaps, this study seeks to
contribute to the literature by offering a

comprehensive and ethically informed
examination of the role of Al in heritage
tourism and management. Through

interdisciplinary perspectives and a holistic
approach, the research aims to provide
insights that empower stakeholders to
harness Al's potential for responsible
cultural preservation and enhanced visitor
experiences.

4. Analysis

This paper strategically employed a mixed-
methods approach to comprehensively investigate
the multifaceted role of Al in heritage tourism and
management. Recognizing the intricate interplay
between technological innovation and cultural
preservation, the research seamlessly integrated
qualitative and quantitative methodologies to
provide a holistic understanding of this evolving
field. Qualitative methods were utilized through in-
depth interviews with various stakeholders
including  heritage  experts, technologists,
community representatives, and heritage site
visitors. These interviews unearthed nuanced
insights, capturing diverse perspectives on ethical
considerations, cultural sensitivities, and the
impact of Al on visitor experiences.
Complementing this qualitative exploration,
quantitative methods were harnessed through
structured surveys [15], [44] distributed to heritage
site visitors. The survey used Likert-scale
questions and multiple-choice options to assess
visitors' perceptions of Al-driven enhancements,
satisfaction levels, and educational outcomes. Data
analytics techniques were used to understand
visitor behavior and preferences, providing
empirical evidence of Al's impact on engagement
and resource allocation. Integrating qualitative and

quantitative data ensured a comprehensive
understanding of AIl, heritage tourism, and
management practices. This mixed-methods

approach enriched the research's depth and breadth
[2, 3] and [16], enabling the exploration of
subjective experiences and objective outcomes,
ultimately contributing to a well-rounded
examination of Al's impact on heritage tourism and
management.
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4.1. Data collection

This study on MHT used surveys and interviews
to gather insights from stakeholders. Surveys were
administered to tourists, local communities,
heritage site managers, and industry professionals.
The structured questions aimed to collect
quantitative data on visitor preferences, satisfaction
levels, economic contributions, and perceptions of
mining sites' cultural and historical significance.
Real-time data was captured by strategically placed
cameras across heritage sites, including visitor
flow, duration of stay, and popular areas. This
quantitative ~ data  was  instrumental in
understanding visitor behavior and site popularity.
In-depth interviews were conducted with key
stakeholders [10], [39] including residents,
heritage experts, tour guides, and representatives
from heritage organizations. The study used
interviews, surveys, and NLP techniques to explore
individual experiences and perceptions of MHT—
surveys involved on-site observations, document
analysis, and interviews with site managers and
local stakeholders. Data was gathered from social
media, travel forums, and tourism websites. NLP
techniques analyzed visitor reviews and sentiment
from textual feedback, historical narratives, and
cultural significance assessments. Quantitative
data included visitor numbers, demographic
information (age, nationality), site popularity
metrics (hotspot analysis), and sentiment scores
derived from online reviews (refer to Table 3 in
Appendix A).

4.2. Analytical fusion:
dynamics

insights into MHT

The study on MHT meticulously analyzed
collected data using a combination of traditional
analytical methods and advanced Al tools, aiming
to derive comprehensive insights from the intricate
landscape of MHT. The quantitative data from
surveys underwent rigorous descriptive and
inferential statistical analyses, unveiling crucial
metrics such as visitor preferences, satisfaction
levels, and economic contributions. These analyses
including correlation and regression, identified
trends, and explored potential causal relationships
among the various quantitative data points.

Concurrently, a comprehensive thematic
analysis utilizing open coding [2] was conducted
on the qualitative data obtained from in-depth
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interviews. This procedure involves transcribing
documents and interviews to find recurrent themes,
patterns, and narratives. After further development,
the themes were arranged into more comprehensive
categories that thoroughly examined stakeholder
perspectives, emotional ties, and MHT-related
problems. This qualitative study added to our
understanding of the cultural and societal aspects
of the mining heritage experience by offering
context-rich insights. Al technologies were
incorporated to process qualitative and quantitative
data to increase the depth and sophistication of the
analysis. NLP methods [10], [38] were used to
examine textual information from transcriptions of
interviews and open-ended survey responses.
Included in this was sentiment analysis, a branch of
NLP that offered a sophisticated insight into the
sentiments and emotional ties of stakeholders with
MHSs [53]. Furthermore, ML algorithms were
used to find hidden links and patterns in the data
gathered. ML models were applied to investigate
relationships between variables, analyses factors
impacting visitor happiness, and forecast visitor
preferences based on demographic data. These
prognostications made pinpointing the crucial
factors influencing MHT experiences' success
easier.

The research utilized classification algorithms
and clustering techniques to organize qualitative
data into predetermined categories, while ML was
chosen for its predictive analytics capabilities,
allowing for precise visitor number predictions and
data-driven decision-making. Al techniques were
integrated to extract insights from the complex
dataset, enhancing the understanding of the
multifaceted dynamics of MHT. The study aimed
to comprehensively understand MHT by
combining conventional analytical approaches
with Al-driven procedures, enhancing insights
from quantitative and qualitative data sources.

4.3. Data analysis

The selection of variables in a research study is
driven by the research objectives, the scope of the
study, and the questions you aim to answer. In
studying MHT and Al's impact, the selected
variables were chosen to capture a comprehensive
understanding of visitor experiences, site
management, cultural sensitivities, technological
integration, and more (refer to Table 2).
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Table 2. List of variables selected for survey.
Category Selection reasons Variables Reference
1. Age
2. Gender
3. Nationality
Understanding visitor demographics, 4. Education level
- motivations, and behaviors is crucial for 5. Occupation
Visitor tailoring experiences and designing Al 6. Income level
characteristics and mg exp . gning 7. Travel motivation (e.g. educational, cultural, recreational) [56-57]
. solutions that cater to diverse visitor profiles, as i
behaviors N N A 8. Visitation frequency
it helps in understanding the types of people 9. Duration of visit
visiting MHSs and their reasons for visiting. 10.  Group size (solo, family, friends, organized tour)
11.  Previous knowledge of mining heritage — X1
12.  Expectations from the visit — X2
13.  Preferred learning style (visual, auditory, hands-on) — X3
14.  Overall satisfaction with the visit — X4
The variables offer valuable insights into visitor ~ 13- Engagement level with historical narratives — X5
- . experiences, emotional connections, and 16. Emotional connection to the site — X6
Visitor experiences . . . . . 17.  Most liked aspects of the site — X7
. satisfaction, enabling site managers to improve -1 N - [20],[53]
and perceptions freri d prioritics i based 18.  Most disliked aspects of the site — X8
0. §r1ngs and priorities improvements based on 19.  Impact of site on knowledge acquisition — X9
visitor preferences. 20.  Impact of site on cultural understanding — X10
21.  Impact of site on emotional experience — X11
Measuring visitor awareness, usage, and perceptions 22. Awarf:ncss of Al technologies at the Si.m N X1.2 R
Al and technology of Al technologies is crucial to understanding how Al ;3& IL’Jsagc: ofAI—powcrcd tools (AR, VR, interactive guides) -X13 [11],[17], [40-
P ) . PP ) . erceived impact of Al on visitor experience — X14
usage is I()j”c;lwd azfi tool for enhancing visitor engagement 25, Perceived Impact of Al on site preservation— X15 41]
and understanding. 26.  Perceived ease of use of Al tools —X16
. o . 27. Historical and cultural significance of the site — X17
Site management, accessibility, conservation 28.  Efforts for conservation and preservation — X18
si efforts, and environmental sustainability impact ~ 29.  Site accessibility (physical, digital) — X19
ite management . . . . . PR
. visitor experience, assessing effectiveness of 30. Environmental sustainability initiatives — X20 [58-60]
and conservation practices and Al's potential in preserving 31. Crowdsourcing initiatives for site preservation — X21
historical and cultural assets. 32. Interactions with site staff and guides — X22
33.  Presence of interpretive signage and information — X23
MHS:s hold cultural and historical significance, and gg Is’t:;g:;:m ?jfg‘:ﬁ?jf:::f n::izltit}::;s%ZQZ 5
Cultural sensitivity factors like cultural authenticity and sensitivity : ty to . pra [19], [25], [33],
. . o . , 36. Use of multilingual interpretation — X26
and ethics mf‘lucncc vllsl‘tors perceptions and Al tools' respect for 37.  Impact of Al on cultural interpretation — X27 [50]
these practices. 38.  Ethical concerns about Al implementation — X28
Future intentions Providlc valuable insights into Yisitors‘ likcliholod of 39. L%kcl%hood of rcc<l)r§1lmcnding lthc site — X29
and returning, rccommcrlldmlg the site, andl suggesting 40. lechholod of revisiting the Site — X30 [61-62]
. improvements, making it crucial for site managers to 41.  Suggestions for site improvement — X31
recommendations improve future offerings. 42. Interest in future Al implementations — X32
43.  Proximity to mining heritage site — X33
Demographic and Factors like site proximity, weather conditions, and 44,  Season of visit — X34 [11,[7], [18],
contextual variables cultural background influence study's findings. 45.  Weather conditions during visit — X35 [63-64]
46.  Cultural background and prior knowledge — X36

The literature review section of this study used
surveys to design a questionnaire, identifying and
formulating questions about relevant variables.
These real-world explorations provided a rich
understanding of how variables manifest in diverse
settings. The questionnaire was crafted to capture
the nuanced intricacies of the research domain,
resulting in a theoretically sound instrument deeply
rooted in practical realities. The surveys served as
invaluable guideposts, aligning data collection
efforts with authentic experiences and challenges
observed in the field.

4.4. Studied area and design

Barr Conglomerate, a site with significant
historical and cultural significance, is a prime
example of how modern technologies such as Al
can be integrated into a site with deep-rooted
traditions. The site's diverse visitor base, including
tourists, historians, researchers, local communities,
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and individuals, provides an opportunity to explore
Al applications in heritage tourism. The study's
focus on this site allows for a real-world analysis
of the impact of Al on visitor engagement and
satisfaction, providing lessons for practitioners and
policymakers managing similar heritage sites. The
study's location in Pali District, India (refer to
Figure 7) adds a geographical dimension to the
study, as different regions may have unique
cultural, environmental, and logistical factors that
influence Al integration in heritage tourism.
Understanding these regional nuances is crucial for
crafting context-specific recommendations. Barr
Conglomerate's unique heritage site management
challenges such as preservation and sustainable
management provide an opportunity to assess how
Al can preserve historical and cultural assets. The
study also explores the role of Al in fostering
community involvement and its implications for
sustainable heritage tourism.
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Figure 7. Barr Conglomerate location.

In sum, the selection of Barr Conglomerate, Pali
District, India, as the focal point of the current
study aligns with the study's objectives, offering a
rich, multi-faceted context for investigating the
intersection of Al and heritage tourism. This choice
ensures that the research findings are rooted in a
real-world setting, providing actionable insights for
heritage site managers, policy-makers, and
researchers in similar contexts.

The data collection process employed a Likert
scale ranging from 1 to 5 to capture qualitative
responses in a quantifiable manner. On this scale, a
rating of 1 corresponds to the lowest level,
indicating a sense of dislike or dissatisfaction.
Conversely, a rating of 5 signifies the highest level,
reflecting the utmost liking or high satisfaction.
This approach allowed respondents to express their
sentiments and perceptions along a graded
continuum, facilitating a nuanced and structured
analysis of their feedback. Using this 1-5 Likert
scale, we aimed to capture the intensity of
responses and the degree to which respondents
favored or disfavored specific aspects under
consideration, providing a  comprehensive
understanding of their perspectives. Running the
surveyed data through NLP is a pivotal step in
modern data analysis, especially when dealing with
textual data, open-ended responses, or unstructured
information [65, 66]. The initial phase involved
collecting and preparing the survey data for
examination. This included cleaning the text data,
removing irrelevant information, and ensuring
consistency in formatting. Duplicate entries,
inconsistencies, and outliers were identified and
removed from the datasets to maintain data
accuracy [67]. Missing data points were addressed
through  imputation  techniques, ensuring
completeness in the dataset. Feature importance
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techniques [68], such as Random Forest feature
importance, were employed to identify the most
influential variables. Relevant features, such as
visitor demographics and historical significance,
were prioritized for analysis. Data normalization
and standardization techniques were applied to
ensure consistency in scale across various
variables, preventing skewed influences in the
analysis. NLP tools automated much of this
process, making it more efficient and accurate.
NLP techniques were used to tokenize the text data,
breaking it into individual words, phrases, or
sentences. This step was essential for further
analysis, as it allowed for exploring the text's
patterns, themes, and sentiments. Sentiment
analysis, a prominent application of NLP, was
employed to gauge the emotional tone or sentiment
expressed in the survey responses. It can determine
whether respondents' comments are positive,
negative or neutral. This insight into sentiment
provided a deeper understanding of visitor
perceptions and satisfaction. NLP helped
categories responses into "positive feedback on Al
tours" or "concerns about Al wuse." Entity
recognition tools [69, 70] in NLP identified
specific entities mentioned in the text such as the
names of Al technologies, historical figures or
notable locations related to the mining heritage site.
This enhanced the depth of analysis by linking
textual information with specific entities of
interest. Clustering algorithms [69] in NLP
revealed patterns or distinct subgroups of
respondents with similar opinions or feedback.
Augmentation of historical records with qualitative
data from local experts and community members
addressed gaps in historical data, ensuring a
comprehensive analysis. Anonymization
techniques [70, 71] were applied to visitor data, and
strict informed consent protocols were followed to
address privacy concerns and ensure ethical data
usage. Complex algorithms were simplified for
transparent interpretation. Stakeholder workshops
and documentation enhanced understanding
among  non-technical stakeholders. API
integrations [72, 73] were implemented to establish
seamless data flow [74] between various tools and
technologies, overcoming integration hurdles and
ensuring data integrity [75].

This study then conducted a correlation analysis
to explore the relationships between variables
based on the responses gathered from 380
participants visiting the Barr Conglomerate in Pali
District, India. The aim was to unveil potential
patterns, connections, and dependencies among the
collected data points. The analysis involved
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calculating Pearson's correlation coefficients,
which measure the linear relationship between two
continuous variables. The coefficients range from -
1 (perfect negative correlation) through 0 (no
correlation) to 1 (perfect positive correlation). A
positive correlation suggests that as one variable
increases, the other also tends to increase. In
contrast, a negative correlation indicates that the
other tends to decrease as one variable increases.
The variables examined in this correlation analysis
encompassed a range of factors, including visitor
satisfaction, Al-driven enhancements,
demographic characteristics, and other relevant
aspects of the participant experience. By
quantifying these relationships, we gained valuable
insights into which factors may significantly
impact visitor satisfaction and how different
variables may interact to influence the overall
visitor experience at Barr Conglomerate. The
results of the correlation analysis shed light on the
factors that are positively or negatively associated
with visitor satisfaction, helping to inform future
strategies for enhancing the visitor experience and
site management at this historically significant
location in Pali District, India (refer to Table 4 in
Appendix B).

The study reveals a negative correlation
between respondents' disliked aspects of a site and
their preferred learning style, overall satisfaction
with the visit, and engagement level with historical
narratives. This suggests that as respondents
express more dislikes or concerns about certain
aspects, they are less likely to prefer a particular
learning style, less satisfied with their overall visit
experience, and less engaged with the historical
narratives presented at the site. Addressing these
disliked aspects may positively impact visitors'
learning preferences, overall satisfaction, and
engagement with historical content. Additionally,
negative correlations are found between
respondents' perceived impact of Al on their visitor
experience and their assessments of the site's
contribution to knowledge acquisition, cultural
understanding, and engagement with historical
narratives. This suggests that some visitors may
perceive Al-driven enhancements as
overshadowing the site's authentic historical and
cultural aspects. This could be an area for further
investigation and potential adjustments in Al
implementation to balance technology with
heritage preservation [50]. Also in this correlation,
a negative relationship emerges between
respondents' perceived impact of Al on their visitor
experience and their ratings for the most liked
aspects of the site, the most disliked aspects, and

1204

Journal of Mining & Environment, Vol. 15, No. 4, 2024

the site's impact on knowledge acquisition. This
implies that as respondents perceive Al's more
significant positive impact on their experience,
they may be less critical of disliked aspects, less
enthusiastic about liked aspects, and less
appreciative of the site's role in knowledge
acquisition. ~ The negative correlation might
suggest a potential disconnect between visitors'
appreciation of the site and how they perceive Al-
driven  enhancements. Investigating  visitor
expectations and Al's role in shaping their
experiences is crucial to reconcile these
discrepancies [52]. A negative correlation between
'Historical and Cultural Significance of the site' and
'perceived impact of Al on visitor experience’
suggests that respondents who perceive a more
significant impact of Al on their visitor experience
tend to rate the historical and cultural significance
of the site lower. It may indicate that some visitors
believe  Al-driven enhancements somehow
diminish the site's authentic historical and cultural
aspects. This underscores the need to balance
technological advancements and preserve the site's
heritage. Negative correlation between
'crowdsourcing initiatives for site preservation' and
'perceived impact of Al on visitor experience' and
'expectations from the visit' indicates that
respondents who perceive a more significant
impact of Al on their visitor experience and have
higher expectations from the visit are less likely to
endorse crowdsourcing initiatives for site
preservation. It suggests that these respondents
might view Al as a more advanced and reliable
means of preserving the site than crowdsourced
efforts, thus impacting their perceptions of the
latter. A negative correlation between 'interactions
with site staff and guides' and 'most disliked
aspects of the site' suggests that respondents with
more positive interactions with site staff and guides
are less likely to report disliked aspects of the site.
Positive interactions with staff and guides may
mitigate negative perceptions of other aspects of
the site, emphasizing the importance of quality
visitor-staff interactions. A negative correlation
between 'sensitivity to local cultural practices' and
'perceived impact of Al on visitor experience'
implies that respondents who perceive a more
significant impact of Al on their visitor experience
may be less sensitive to local cultural practices. It

raises  questions about how  Al-driven
enhancements align with or challenge local cultural
norms and practices and whether Al

implementations have room for greater cultural
sensitivity [64]. Negative correlation between
'likelihood of recommending the site' and
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'expectations from the visit' and 'perceived impact
of Al on visitor experience' suggests that
respondents who perceive a more significant
impact of Al on their visitor experience have higher
expectations from the visit, and are less likely to
recommend the site. It underscores the importance
of managing visitor expectations and ensuring that
Al implementations meet or exceed those
expectations to enhance visitor satisfaction and
recommendations. Negative correlation between
'likelihood of revisiting the site' and 'perceived
impact of Al on visitor experience' indicates that
respondents who perceive a more significant
impact of Al on their visitor experience are less
likely to consider revisiting the site. It highlights
the potential influence of Al on repeat visitation
and suggests that visitors may prefer a more
traditional and authentic experience upon revisiting
[8]. The study found a negative correlation between
proximity to a mining heritage site, its most
disliked aspects, and its impact on knowledge
acquisition. Residents living closer to the site may
be more critical of the site's negative aspects,
leading to higher expectations and a more
discerning perspective. The season of visit also
negatively correlated with the site's most disliked
aspects, suggesting that different seasons may
accentuate certain challenges. Adverse weather
conditions during the visit may also influence
respondents to report more disliked aspects of the
site and perceive lower impacts on knowledge
acquisition and cultural understanding. Weather
conditions can significantly affect the wvisitor
experience, highlighting the need for weather-
appropriate site management strategies [7].

In summary, these negative -correlations
highlight essential insights into how visitor
perceptions and experiences are intertwined within
the context of the mining heritage site and its Al-
driven enhancements. Understanding these
correlations can inform strategies for enhancing
visitor satisfaction, preserving heritage, and
managing expectations effectively.

After the correlation analysis was conducted to
identify relationships between different variables
in the survey data, the next step involved using a
Multilayer Perceptron (MLP) Neural Network
(NN) approach to model these relationships
comprehensively. The data was appropriately
prepared, cleaned, pre-processed, and structured
for ML. Features (variables) that showed
significant correlations or were deemed relevant to
the research questions were selected. The
architecture of the MLP-NN was designed. This
included specifying the number of hidden layers,
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neurons in each layer, activation functions, and
other hyperparameters. The design was influenced
by the nature of the data and the problem being
addressed. For regression tasks (predicting
continuous values), a feedforward MLP-NN with
appropriate hidden layers was used. The model was
trained using a training dataset, with the MLP-NN
adjusting its weights and biases to learn data
patterns. The training process involved forward
and backwards passes through the network,
minimizing a loss function. Hyperparameter tuning
was conducted to optimize model performance,
adjusting learning rates, batch sizes, training
epochs, dropout rates, and regularization
techniques. This ensured accurate predictions and
minimized the difference between predicted and
actual values. The model's performance was
evaluated using the testing dataset. Standard
regression metrics such as Mean Squared Error
(MSE), Mean Absolute Error (MAE), and R-
squared (R?) were used to assess how well the
MLP-NN predicted the target variable based on the
selected features. The MLP-NN model results were
interpreted, and further analysis was conducted
(see Table 5 in Appendix B). This included
techniques such as cross-validation and exploring
variations in MLP architectures to ensure the
robustness of the model. Once the MLP-NN model
was validated, it could be utilized for predictions.
For example, it could predict visitor satisfaction
scores based on specific input features or explore
the impact of changes in certain variables on
desired outcomes.

The allocation of data for training and testing in
ML is crucial for assessing the model's
performance and reliability. The training dataset
exposes the model to patterns and relationships
within the data, while the testing dataset evaluates
the model's ability to generalize to new, unseen
data. In this case, approximately 68.9% of the data
was allocated for training, with the remaining
portion reserved for testing. The sum of squares
error (SSE) was a standard metric used to assess the
performance of regression models. It measured the
discrepancy between predicted values and actual
values in the dataset. A lower SSE indicated that
the model's predictions were closer to the
fundamental values, reflecting better model
performance. The training dataset showing an SSE
of 1.926 suggested that, during training, the model
could capture a significant portion of the variance
in the training data. In other words, it learned to fit
the training data reasonably well. However, it's
essential to note that the model's performance on
the training dataset did not necessarily reflect its
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ability to generalize to new, unseen data. The
testing dataset exhibited an SSE of 0.193, a key
highlight. The model's low SSE indicates its
predictions were close to actual values in a separate
dataset. A close-to-zero testing error signifies its
exceptional performance on unseen data, proving
its reliability. The model's ability to generalize
from training data to make accurate predictions on
new, unseen data is crucial for model reliability.
Achieving a low SSE on the testing dataset
confirms the model's performance beyond the
training data, ensuring its applicability to real-
world scenarios with high accuracy. The model can
now be used for various MHT applications, such as
predicting visitor satisfaction scores and assessing
Al-driven enhancements. However, continuous
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monitoring and evaluation are crucial due to the
potential introduction of new data patterns and
challenges, necessitating regular updates and
retraining to maintain reliability over time.

5. Results and Discussion

The data analysis including correlation analysis
and the subsequent implementation of a NN model
has provided valuable insights into the factors
influencing visitor experiences and perceptions at
the Barr Conglomerate mining heritage site (refer
to Figure 8). These insights can inform strategies to
enhance visitor experiences, preserve cultural
heritage, and ensure the site's sustainability.

N\

%

Visitor satisfaction and engagement

* The model revealed a strong positive correlation between visitor satisfaction and engagement with historical narratives
and cultural understanding. Visitors more engaged with the site's historical narratives reported higher satisfaction levels.

Impact of Al

&

=

historical and cultural significance.

* The perceived impact of Al on visitor experience showed positive and negative correlations. While some
visitors appreciated Al-driven enhancements, others expressed concerns about the potential impact on the site's

Interactions with staff

* Positive interactions with site staff and guides were associated with reduced reports of disliked aspects of
the site. These interactions played a vital role in shaping visitor experiences.

Cultural sensitivity

implementing Al technologies.

* Visitors who were more sensitive to local cultural practices tended to have a more critical view of the
perceived impact of Al This suggests that cultural sensitivity is an important consideration when

Expectations and recommendations

* High visitor expectations were linked to a lower likelihood of recommending the site. Managing expectations
and aligning them with the visitor experience is crucial for promoting positive recommendations.

Weather conditions

» Weather conditions during the visit influenced aspects such as disliked site elements and the site's impact on knowledge
acquisition and cultural understanding. Weather-appropriate site management strategies are essential.

Figure 8. Key findings influencing visitor experiences and perceptions at the Barr Conglomerate mining heritage

Based on the identified correlations between
visitors' preferences, perceptions, and their
interactions with the mining heritage site in Barr
Conglomerate, several strategies and practical

site.
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solutions can be predicted for the revitalization of
the site through MHT to enhance visitor
experiences, preserve cultural heritage, and ensure
the site's sustainability as shown in Figure 9.
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. * Understanding the negative correlation between visitors' perception of Al impact and their assessment of
Balancing Al e e L S . . . .
. . the site's historical and cultural significance is vital. Adjustments in Al implementation are necessary to
implementation - - : - - - ;
balance technological enhancements with heritage preservation, ensuring an authentic experience. )
§ Y
e N - - - - - . A
Personalized * Leverage Al technologies to provide personalized experiences that align with visitor preferences. Al-
Al-enhanced driven interpretive tools can adapt content based on the visitor's profile and interests, enhancing
experiences engagement.
\ y J
e N N
Cultural D . . .
A * Develop Al systems that respect and promote local cultural practices. Al technologies should be designed
sensitivity oy L
. . to complement and augment, rather than overshadow, the site's cultural significance.
integration
N A J
( ) N\
Visitor staff * Invest in training programs that deliver high-quality visitor interactions. Well-informed and engaging
training staff and guides contribute significantly to positive visitor experiences.
\ Y J
( ) N\
Expectation * Implement strategies to manage visitor expectations effectively. Provide transparent information about
management visitors' expectations, emphasizing the site's unique historical and cultural aspects.
\ y J
( N )
Weather- Devel h ive plans for si F le, offer alternative indoor activiti
responsive * Develop weather-responsive plans for site rnar}ggement. or example, offer a ternative indoor activities
planning during adverse weather conditions to ensure visitors have a fulfilling experience.
\ y J
s N N
Crowd « Utilize Al-driven data analytics and predictive modeling to optimize crowd management. Ensure that
management visitor numbers are controlled to prevent over-tourism and preserve the site's integrity.
\ y J
4 A . . . . . . . . . N\
Proximi * Residents living near the site have higher expectations and are more discerning. Engaging with the local
roximity . . . : \ . . .
management community and addressing their specific concerns can foster positive relationships and enhance the site's
S reputation among locals.
\ Y J
e N N
Community * Foster collaboration with local communities in site management and interpretation. Engage local experts
involvement and stakeholders in Al implementation to ensure cultural authenticity.
\ Y J
( M . ) * The negative correlation between Al impact perception, visitor expectations, and site recommendations A
anaging L . . A : >
visitor highlights the importance of managing visitor expectations. Clear communication about Al features and
. setting realistic expectations can enhance visitor satisfaction and increase the likelihood of positive
expectations .
§ A recommendations. J
s N N
Educational * Implement Al-driven interpretive tools that contribute to the educational value of heritage tourism.
enhancement Monitor and evaluate their impact on visitor understanding, critical thinking, and historical appreciation.
\ Y J
s 3 N N
antn}uous * Regularly assess visitor feedback and adjust strategies accordingly. Al systems can aid in collecting and
monitoring and . o . - . >
£ analyzing visitor sentiments, enabling real-time adjustments.
adaptation
\. / J
s N N
Sustainability * Implement sustainable practices in site management, such as eco-friendly infrastructure and conservation
initiatives efforts. Highlight the site's commitment to sustainability as part of its cultural preservation mission.
\ y J
4 N . . . . . . N\
. « Establish collaborative governance structures that involve heritage experts, technologists, policy-makers,
Collaborative 4 o . PR :
overnance local communities, and visitors. Foster an interdisciplinary approach to site management and Al
g implementation.
\ y J
4 N . L. . . . . . . . . N\
.- . * Prioritize visitor-centric design principles when incorporating Al technologies. Ensure that Al
Visitor-centric . P . A - .
design enhancements are tailored to complement the authenticity and emotional connection sought in heritage
tourism.

\ y J
4 A L. . L. . B K . . . N\
Visi * Visitors preferring a traditional experience may be deterred by excessive Al integration. Offering options

isitor ; o ) . P .
s for both Al-guided and traditional experiences can cater to a diverse visitor base, encouraging
revisitation s
revisitation.
\ Y J
s N - - - — - — . - N
* Acknowledging the impact of different seasons on visitor experiences and adjusting site offerings
Seasonal . . . . . .
. accordingly can lead to enhanced satisfaction. Season-specific events, guided tours or thematic
adjustments P o .
exhibitions can capitalize on seasonal interests. )
.
Figure 9. Practical strategies and policies for uplifting Barr Conglomerate.
The analysis of visitor data and the robust foundation for enhancing visitor

implementation of Al-driven insights provide a
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experiences, preserving cultural heritage, and
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ensuring the sustainability of the Barr
Conglomerate mining heritage site. By combining
Al technologies with careful consideration of
visitor preferences, cultural sensitivity, and
sustainability, Barr Conglomerate can continue to
attract and engage visitors while safeguarding its
historical and cultural significance for future
generations. The above strategies serve as a
roadmap for achieving these objectives and
fostering a thriving and sustainable heritage
tourism destination.

MHT is intricately linked to the final phase of
the mining life cycle, involving mine closure and
reclamation. Responsible closure efforts preserve
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historical structures and landscapes, creating
attractions for heritage tourism. These sites,
conserved culturally and environmentally, become
educational hubs, fostering awareness about
sustainable mining practices. Involving local
communities enhances the visitor experience,
promoting a sense of community and pride.
Sustainable  development through tourism
stimulates local economies. Integrating innovative
technologies in reclamation processes ensures a
harmonious blend of preservation and progress,
enriching the overall heritage tourism experience.
Table 6 depicts the possible policies for Barr
Conglomerate's MHT Revitalization.

Table 6. Policies for implementation in Barr Conglomerate's mining heritage tourism revitalization

Policies

Objective

Strategies

Visitor experience
enhancement policy

Ensure an enriching and
seamless experience for
visitors at Barr
Conglomerate's mining
heritage site.

Regular feedback collection from visitors to address concerns promptly.
Implement Al-driven personalized experiences, guided tours, and interactive
exhibits.

Training programs for staff and guides to enhance visitor interactions and
historical insights.

Cultural
preservation and
sensitivity policy

Preserve and respect the local
cultural heritage while
fostering understanding
among visitors.

Collaborate with local communities to integrate authentic cultural elements
into the visitor experience.

Conduct cultural sensitivity workshops for staff and guides.

Implement Al features that respect and align with local cultural practices.

Al integration and
heritage preservation
policy

Balance implementing Al-
driven technologies with
preserving the site's historical
and cultural authenticity.

Conduct periodic assessments to ensure Al applications enhance, not
overshadow, the site's heritage.

Involve heritage experts in Al implementation planning to maintain historical
accuracy.

Establish a committee to evaluate Al technologies' impact on heritage
preservation.

Community
engagement and
empowerment policy

Involve local communities in
the decision-making process
and empower them to
contribute actively to the
site's preservation.

Organize community forums to gather input and concems regarding site
management.

Initiate crowdsourcing
community participation.
Provide local residents with skill development programs and employment
opportunities, fostering a sense of ownership.

initiatives for site preservation, encouraging

Environmental
sustainability policy

Minimize the environmental
impact of tourism activities
and promote eco-friendly
practices.

Implement waste recycling programs and promote the use of biodegradable
materials.

Invest in renewable energy sources for site operations.

Educate visitors about responsible tourism practices to reduce their ecological
footprint.

Visitor safety and
accessibility policy

Ensure the safety of visitors
and provide accessible
facilities for all.

Regular safety audits and training sessions for staff to handle emergencies.
Install ramps, elevators, and accessible restrooms for visitors with disabilities.
Provide clear signage and information in multiple languages for international
visitors.

Seasonal and
weather-Adaptive
management policy

Optimize site offerings and
activities based on Different
seasons and weather
conditions.

Develop season-specific events, exhibitions, and guided tours catering to
varying visitor interests.

Establish weather-appropriate shelters and indoor attractions to mitigate
adverse weather impacts.

Implement dynamic scheduling for outdoor activities based on weather
forecasts.

These policies

provide

a comprehensive

The study explores the unique characteristics of

framework for implementing initiatives at Barr
Conglomerate's mining heritage site. By adhering
to these guidelines, Barr Conglomerate can create
a vibrant, culturally sensitive, and sustainable
tourism destination, ensuring a memorable
experience for visitors while preserving its rich
historical and cultural heritage.
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the Barr Conglomerate through the lens of
theoretical frameworks like the Butler model and
contextual model for MHT, as well as ethical
considerations in cultural preservation. It also
explores Al applications in tourism management
including the DMS and experience economy
model, to leverage technology in heritage tourism.
The study's strategies, informed by these theories,
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aim to revitalize MHT, ensure sustainable growth,
enrich visitor experiences, and preserve cultural
and historical integrity. This comprehensive and
strategic roadmap for the future of MHT at Barr
Conglomerate bridges theoretical concepts with
practical applications.

5.1. Transformative fusion

The integration of Al in heritage tourism has
revolutionized visitor engagement and satisfaction,
offering immersive experiences that transcend
temporal boundaries. Al's analytical prowess,
driven by algorithms, creates bespoke content
recommendations, curated tours, and interactive
exhibits that resonate with each visitor's historical
curiosity. Personalization is a critical factor
shaping visitor engagement and satisfaction, as it
aligns itself with the uniqueness of each visitor,
dismantling the traditional 'one-size-fits-all'
approach. This customization instils ownership and
emotional  investment, enhancing  visitors'
connection with the site.

However, as Al forges a new dawn in heritage
tourism, its ethical implications are as paramount
as its  transformative  potential.  Ethical
considerations arise at the intersection of
technology and cultural preservation, shaping
responsible Al deployment. The essence of
heritage lies in preserving the threads of culture,
and Al's intervention demands careful calibration.
An interdisciplinary approach emerges as a
compass involving collaborations between heritage
experts, technologists, policymakers, and local
communities.

The challenge is to harness Al to enhance these
qualities rather than overshadow them, revealing
an intricate dance between Al and authenticity. The
path toward Al integration is not free from
challenges and opportunities, but insights from
existing surveys and best practices offer guiding
lights. Successes, such as Al-driven interpretation
at archaeological sites, offer insights into how the
integration of Al can be both beneficial and
ethically responsible.

5.2. Advantages and drawbacks

Integrating Al in MHT management holds
immense potential to revolutionize how heritage
sites are experienced, preserved, and sustained.
This study outlines the multifaceted benefits of
incorporating Al technologies, highlighting how
they enhance visitor experiences, contribute to
cultural preservation, and foster sustainable
management practices within MHT.
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1. Improved visitor experiences:

o Personalized engagement: Al technologies
enable personalized visitor experiences by
analyzing visitor preferences and behaviors.
Recommendation systems suggest tailored
itineraries, exhibits, and activities that resonate
with individual interests, enhancing visitor
satisfaction and engagement.

o Immersive interpretation: VR and AR
technologies offer immersive interpretations of
MHSs. Visitors can virtually explore historical
mining processes and landscapes, fostering
emotional  connections and a  deeper
understanding of the site's historical significance.

o Interactive education: Al-powered interactive
exhibits  provide  engaging  educational
experiences. Touchscreen displays and chatbots
offer real-time information, encouraging visitors
to actively learn about mining sites' history,
geology, and cultural context.

2. Preservation of cultural heritage:

o Al-enhanced documentation: Al technologies aid
in documenting and preserving mining heritage
artefacts. Image recognition tools categories and
catalogue artefacts, simplifying collection
management and enabling more efficient
preservation efforts.

o Virtual restoration: VR simulations can digitally
restore deteriorated structures and artefacts,
offering insights into their original appearances.
This virtual restoration process aids in
conservation planning and ensures the physical
preservation of cultural treasures.

o Predictive Maintenance: Al-driven data analytics
monitor structural integrity and environmental
conditions, predicting potential risks to heritage
sites. Timely interventions based on predictive
insights prevent deterioration and extend the
lifespan of historic structures.

3. Sustainability and responsible
management:
o Optimized resource allocation: Predictive

analytics inform efficient resource allocation,
ensuring staffing levels, crowd management, and
facility maintenance align with visitor patterns.

This optimization enhances the visitor
experience while minimizing environmental
impacts.

o Smart conservation: Al technologies monitor
environmental  factors that impact site
preservation. Drones and sensors collect data on
soil erosion, climate changes, and other
ecological shifts, aiding in developing
sustainable conservation strategies.
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o Economic viability: Al-driven solutions enhance
site management, increasing visitor satisfaction
and longer stays. This economic boost supports
local communities and incentivizes investment in
preserving MHSs.

4. Inclusive and accessible experiences:

o Multilingual interpretation: Al-powered
language translation tools break down language
barriers, enabling visitors from diverse linguistic
backgrounds to engage with MHSs. This fosters
cross-cultural communication and inclusivity.

o Accessibility: Al-driven chatbots and AR guides
provide accessible information for disabled
visitors. Integrating assistive technologies
ensures that MHSs cater to a broader range of
visitors.

Integrating Al in MHT management is a significant
step towards innovation, bringing the past to life
through advanced technologies. This technology
enhances visitor experiences, contributes to
cultural preservation, and promotes sustainable
practices, bridging the gap between history and
modernity. It also ensures that mining heritage
continues to inspire, educate, and captivate
visitors worldwide, preserving its treasures for
future generations.

While integrating Al in MHT management
offers transformative benefits, it also has various
challenges and potential drawbacks that must be
carefully considered. This discussion explores
these challenges, highlighting ethical
considerations, technological barriers, and cultural
sensitivities that can arise when implementing Al
technologies in preserving and managing MHSs.

1. Ethical considerations:

o Data privacy and security: The collection and use
of visitor data to personalize experiences raise
concerns about data privacy and security. Site
managers must ensure transparent data collection
practices, obtain informed consent, and protect
sensitive visitor information from unauthorized
access Or misuse.

o Algorithmic bias: Al  algorithms may
inadvertently perpetuate biases in the training
data, leading to unfair treatment or exclusion of
certain visitor groups. Addressing algorithmic
bias ensures that Al-driven recommendations
and experiences are inclusive and equitable.

o Authenticity vs. commercialization: Striking a
balance between enhancing visitor experiences
and maintaining the authenticity of heritage sites
can be challenging. Over-commercialization
through excessive Al-driven attractions may
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undermine the site's historical and cultural
significance.

2. Technological barriers:

o Cost and infrastructure: Implementing Al

technologies requires substantial financial
investment, especially for smaller heritage sites
with limited budgets. Additionally, the need for
appropriate hardware, software, and technical
expertise can pose barriers to entry.

Integration complexity: Integrating Al systems
into heritage tourism infrastructure can be
complex. Compatibility issues, software updates,
and system interoperability may lead to
disruptions and delays in implementation.

Digital divide: Not all visitors may be familiar
with or have access to Al technologies. Ensuring
that Al-enhanced experiences are accessible to a
diverse range of visitors including those who
may not be technologically adept is essential.

3. Cultural sensitivities:

o Preserving authenticity: If not carefully

designed, Al technologies can inadvertently alter
the authentic character of MHSs. Striking a
balance between technological enhancements
and preserving the original atmosphere and
historical context is essential.

Cultural appropriation: The integration of Al
should respect the cultural heritage and traditions
associated with mining sites. Misappropriating
indigenous knowledge or insensitivity to cultural
practices can lead to unintended negative
consequences.

Respecting  visitor  preferences:  Cultural
sensitivities vary among visitors. Al-driven
recommendations and personalized experiences
must consider diverse preferences and cultural
backgrounds, avoiding experiences that may be
offensive or inappropriate.

4. Dependence on technology:

o Loss of spontaneity: Over-reliance on Al-driven

recommendations and guided experiences can
detract from visitors' sense of discovery and
spontaneity. Balancing technology with open
exploration is crucial to preserving the sense of
wonder associated with heritage tourism.

Visitor disconnection: While Al technologies
can enhance engagement, they may also lead to a
disconnection from the present moment and
authentic interactions with the physical
environment and fellow visitors.
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5. Risk of diluted historical experience:

o Overshadowing authenticity: An excessive focus
on Al-driven attractions may divert attention
from the authentic historical significance of
MHSs. Visitors may become more enamored
with technological novelties than the stories and
artefacts that make the site valuable.

The integration of Al in MHT management
offers immense potential, but it must be
approached carefully considering its challenges
and potential drawbacks. Ethical considerations,
technological barriers, cultural sensitivities, and
the risk of diluting the historical experience
underscore the need for a balanced and responsible
approach. By addressing these challenges head-on,
heritage site managers can harness the benefits of
Al while ensuring that the integration aligns with
the principles of cultural preservation, inclusivity,
and sustainability.

6. Conclusions

Integrating Al into MHT is a transformative
force shaping the trajectory of heritage
preservation, visitor engagement, and the legacy
we leave for future generations. The future of MHT
promises a revival that transcends temporal
boundaries, fueled by the fusion of traditional
narratives with cutting-edge technologies. Al-
powered advancements, such as AR and VR, will
breathe life into historical mining landscapes,
allowing visitors to traverse the tunnels of time.
These technologies will depict the past and allow
visitors to interact with history, witness the
challenges and triumphs of miners, and experience
the mining ethos first-hand.

Al's potential in MHT lies in its ability to
harmonize and enrich the heritage narrative by
allowing visitors to explore history and cultural
nuances. It will guide visitor management and
preserve mining sites through predictive modelling
and data analytics, monitoring structural integrity
and enabling timely interventions. Al's integration
will also extend to energy efficiency, waste
reduction, and ecological stewardship. In the
future, Al-driven immersive experiences will
become more interactive and experiential, making
mining heritage a living lesson for a generation.
Collaboration for a sustainable future will involve
technologists, heritage experts, policymakers, local
communities, and visitors. This collaborative
ecosystem will shape the seamless implementation
of Al solutions, fostering a future where MHSs
thrive as living embodiments of collective effort.
Evolving technologies like ML algorithms and
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NLP will amplify Al's impact, creating dynamic
conversations between visitors and mining history.
Sensor technologies may also be integrated to
allow visitors to experience the sights, sounds, and
vibrations of mining operations. Technology,
ethics, and preservation interplay demand ongoing
adaptation and learning. The journey towards the

future embodies resilience, innovation, and
dedication to safeguarding mining heritage.
In the pursuit of revitalizing Barr

Conglomerate's MHT, this comprehensive study
delved into the intricate interplay between visitor
preferences, technological innovations, cultural
preservation, and sustainability. Valuable insights
were unearthed through rigorous analysis of visitor
feedback and correlations, guiding the formulation
of strategic policies and practical solutions. The
negative correlations identified between visitors'
perceptions and preferences underscore the
complexity of managing MHSs in the digital age.
Addressing disliked aspects of the site, such as
accessibility and interpretive materials, emerged as
a pivotal strategy. It is possible to bridge the gap
between technological innovation and heritage
preservation by leveraging Al-driven
enhancements. However, this must be executed
with finesse, ensuring the site's authentic historical
and cultural aspects remain unblemished.
Balancing technological advancements with
cultural sensitivity emerged as a recurring theme.
Our findings highlighted the need for meaningful
community engagement, acknowledging local
cultural practices, and actively empowering
residents to participate in site preservation.
Integrating crowdsourcing initiatives, in tandem
with Al technologies, provides a holistic approach
to site management. Visitor safety, accessibility,
and environmental sustainability were identified as
non-negotiable factors. Implementing robust safety
protocols, enhancing accessibility features, and
promoting eco-friendly practices are essential for
creating an inclusive and environmentally
responsible site. The adaptability of offerings
based on seasonal and weather conditions emerged
as a pragmatic approach. By tailoring experiences
to align with varying visitor interests and weather
patterns, Barr Conglomerate can ensure a positive
visitor experience year-round. Barr Conglomerate's
MHT revitalization requires a delicate balance
between innovation and preservation. This study
sheds light on the challenges and provides
actionable strategies and policies. By embracing
these recommendations, Barr Conglomerate can
transform its mining heritage site into a thriving,
culturally rich, and sustainable tourism destination.
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As the site evolves, these insights will remain
invaluable, guiding future endeavors and ensuring
the enduring legacy of Barr Conglomerate's mining
heritage.

The robustness of this study lies in its
multidimensional

Journal of Mining & Environment, Vol. 15, No. 4, 2024

advanced data analysis, Al applications,
community engagement, and sustainable tourism
strategies. Several factors contribute to the study's
robustness, novelty, and advantages, as shown in
Figure 10.

comprehensive

approach,

incorporating

<

Study’s
robustness

* Mixed-methods approach
« Utilises both qualitative and quantitative methods to gain a comprehensive understanding of visitor preferences
site dynamics.
« Incorporation of Al technologies
« Utilises Al-driven techniques like ML, NLP, and AR for predictive analysis, personalised visitor experiences, and
innovative interpretive methods.
« Community involvement
+E ing local cc ities in the study ensures a comprehensive approach, incorporating indigenous knowledge,

\

and

<

Novelty and

advantages of the
study

cultural sensitivities, and community aspirations for enhanced relevance and impact.
« Ethical considerations
* Committed to responsible technology use and cultural respect by addressing ethical concerns related to Al
implementation and cultural preservation. /
« Visitor-centric focus
« Emphasises the importance of visitors, focusing on their preferences, learning styles, and expectations to develop
tailored recommendations for increased satisfaction and engagement.
« Cultural sensitivity

« Delves into the intricate balance between technological innovation and cultural preservation, ensuring that Al
applications respect and align with local cultural practices, promoting inclusivity and cultural sensitivity.
« Predictive insights
« Provides predictive insights into visitor perceptions and preferences, enabling proactive decision-making by site
management to anticipate visitor needs and adjust offerings accordingly.
« Integration of heritage conservation
« Integrates heritage conservation with Al-driven enhancements, preserving authenticity while embracing innovative
technologies for a harmonious coexistence of tradition and innovation.
« Sustainable tourism i
« Promotes sustainable tourism practices, environmental conservation, community empowerment, and economic/

development, ensuring the site's long-term viability and positive impact on the surrounding community.

<

New findings

\

« Correlation insights
« Reveals intricate connections between visitor perceptions, Al impact, cultural sensitivity, and site preferences,
offering valuable insights for enhancing visitor experiences through targeted interventions.
«C ity-driven
« Involves local communities in identifying culturally relevant solutions and preferences for a mining heritage site,
ensuring that recommendations are culturally relevant and aligned with their aspirations.
« Balancing technology and tradition
 Proposes innovative strategies for integrating Al with traditional cultural experiences, ensuring they complement
and enhance the site's historical and cultural significance, thereby enhancing heritage tourism management.

<

Contributions
made by the * Temporal context
research to the current MHT landscape.

¢ Localised insights \
. Prqu'ded distinctive insights specific to Barr Conglomerate, enhancing the comprehension of MHT in this specific
region.
« Innovative methodologies
« Utilised advanced methodologies like Al-driven data analysis to introduce innovative techniques for studying
visitor preferences and site dynamics.
¢ Cultural respect

« Underscored the significance of ethical and cultural considerations, emphasising the need to respect local
traditions and establish a standard for culturally sensitive research practices.

« Offers a contemporary perspective by analysing data up to 2023, ensuring its findings are relevant and applicable

)

* Focused contribution
¢ Detailed analysis of Barr Conglomerate enhanced our comprehension of MHT in this sector, offering valiable
insights for future developments and strategies.

<

Figure 10. Barr Conglomerate study's robustness, novelty, and advantages.

The study's
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methodologies,
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engagement, ethical considerations, and innovative
insights. Its novelty lies in the predictive and
correlation-driven approach, emphasizing cultural
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tradition. These aspects collectively contribute to
the study's unique contributions to the field of
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MHT and its potential to shape the future of
heritage site management.

Strategies and applications:

In MHT, the delicate dance between preserving
the past and embracing future possibilities unfolds
on a stage where history, culture, and innovation
intersect. The quest to safeguard mining legacies
while providing enriching experiences for visitors
has sparked a dynamic exploration of strategies and
applications that amplify site preservation, visitor
engagement, and overall sustainability. As the
echoes of miners' footsteps resonate through time,
a tapestry of cutting-edge technologies, ethical
considerations, and community collaboration
weaves together to forge a resilient narrative of

Journal of Mining & Environment, Vol. 15, No. 4, 2024

heritage management. This journey embarks on a
multidimensional expedition where digital prowess
converges with cultural stewardship, ensuring that
the chapters of history remain intact while the
doors to innovation swing wide open. Through a
fusion of digital tools, immersive experiences, and
sustainable practices, the future of MHT promises
an experience that not only celebrates the past but
also shapes a more responsible and immersive
engagement with the legacy of mining. This
exploration sets the stage for unveiling strategies
and applications that synergies preservation,
engagement, and sustainability, ushering mining
heritage into a harmonious union with the modern
world. Some strategies and applications that can
amplify site preservation, visitor engagement, and
overall sustainability in the context of MHT are
shown in Figure 11.

Site
preservation

Digital documentation and preservation

Use 3D scanning, photogrammetry, and LiDAR
technologies to create precise digital replicas of
mining structures and artefacts.

Structural monitoring

Deploy sensors and IoT devices to continuously
monitor the structural integrity of mining sites,
identifying potential risks and enabling timely
interventions to prevent deterioration.

Predictive maintenance

Implement Al-powered predictive maintenance
models that analyse data from sensors to forecast
maintenance needs, preventing potential damages
and extending the lifespan of structures.

Virtual restoration

Employ Al and VR technologies to restore
deteriorated areas of mining sites virtually, offering
visitors a glimpse into their original grandeur while
maintaining the site's authenticity.

Visitor
engagement

AR tours

Develop AR applications that overlay historical
images, videos, and information onto real-world
views, providing interactive and immersive guided
tours for visitors.

Interactive exhibits

Create touchscreens and interactive kiosks that
allow visitors to explore mining history through
multimedia presentations, virtual artefacts, and
storytelling.

VR experiences

Offer VR simulations that transport visitors into
historical mining scenarios, allowing them to
experience the challenges and triumphs of miners
firsthand.

Geo-tagged narratives

Develop mobile apps that provide location-based
narratives and stories about specific siteareas as
visitors explore, enhancing their understanding and
engagement.

Overall
sustainability

Energy efficiency upgrades

Implement energy-saving technologies like solar
panels, LED lighting, and intelligent building
management systems to reduce the environmental
impact of site operations.

Waste management solutions

Introduce recycling programs, waste reduction
initiatives, and sustainable waste disposal methods
to minimise the ecological footprint of visitor
activities.

Visitor flow optimization

Utilise Al-driven crowd management systems to
predict peak visitor times and redistribute foot
traffic, preventing congestion and minimising wear
on sensitive areas.

Carbon offsetting programs

Collaborate with organisations that offer carbon
offset programs, allowing visitors to contribute to
reforestation or other environmental initiatives to
balance their travel emissions.

Local community involvement

Engage with local communities to promote
responsible tourism practices and ensure that
economic benefits are shared with residents,
fostering positive relationships and community
support.

Educational outreach

Develop educational programs highlighting the
environmental impact of mining activities and
showcase how sustainable practices are integrated
into heritage site management.

Green technology integration

Incorporate renewable energy sources, such as wind
or hydroelectric power, into the site's operations,
aligning technology with sustainability objectives.

Carbon footprint tracking

Provide visitors with the option to calculate their
carbon footprint associated with their visit and offer
suggestions on mitigating it through eco-friendly
choices.

Figure 11. Strategies and applications to amplify site preservation, visitor engagement, and overall sustainability
in the context of MHT.
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These strategies and applications converge to
create a holistic approach that enhances the
preservation and engagement aspects of MHT and
prioritizes long-term sustainability and responsible
management.

Limitations of Study

This study examines the integration of Al in
MHT and its challenges and limitations. The
research work is based on a specific sample size,
which may not capture the full spectrum of
perspectives within the diverse realm of MHT. The
context specificity of MHSs is also important, as
they vary significantly in historical, cultural, and
geographical contexts. The rapidly evolving
technological landscape of Al and related
technologies necessitates continuous adaptation
and monitoring to ensure the relevance and
efficacy of Al applications in MHT. Ethical and
cultural considerations play a significant role in the
adoption and impact of Al solutions. The study
provides insights into Al integration's short- to
medium-term implications in MHT, but the long-
term consequences and sustainability require
continuous monitoring and evaluation.
Interdisciplinary factors, such as cooperation
among experts from various domains, are crucial in
the interdisciplinary nature of Al integration in
heritage tourism. Implementation challenges
include funding, infrastructure, technical expertise,
and user acceptance. A more comprehensive
investigation into visitor engagement and
experience would provide a richer understanding of
the dynamics at play.
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Appendix A

Cultural background and prior Knowledge

weather conditions during Visit

season of visit

Proximity to mining heritage Site

interest in future Al implementations

suggestions for site improvement

likelihood of revisiting the Site

likelihood of recommending the Site

ethical concerns about Al Implementation

impact of Al on cultural interpretation

Use of multilingual interpretation

sensitivity to local cultural practices

perception of cultural Authenticity

presence of interpretive Signage and Information

interactions with site staff and Guides

crowdsourcing initiatives for Site Preservation

environmental sustainability Initiatives

site accessibility

efforts for conservation and Preservation

historical and cultural Significance of the Site

perceived ease of use of Al Tools

perceived impact of Al on site Preservation

perceived impact of Al on Visitor Experience

usage of Al-powered tools

awareness of Al technologies at the Site

impact of site on emotional Experience

impact of site on cultural Understanding

impact of site on knowledge Acquisition

most disliked aspects of the Site

most liked aspects of the Site

emotional connection to the Site

engagement level with Historical Narratives

Table 3. Barr Conglomerate survey sample data.

overall satisfaction with the Visit

preferred learning style

expectations from the visit

NIRRT NAR|R|R|WN[WIWOUNIWIWIWIRARIR|IWWWIR|RIWWIN|A[AW O~

NIRRT NAR|R|R|WN[WIWOUNIWIWIWIEARIRIWWWIR|RIWWIN|A[AW O [~—

NIRRT NAR|R|R|WN[WIWOUNIWIWIWIEARIRIWWWIR|RIWWIN|A[AW |||~

NIRRT NAR|R|R|WN[WIWOUNIWIWIWIEARIRIWWWIR|RIWWIN|A[AW |||~

NIRRT NAR|R|R|WN[WIWOUNIWIWIWIRARIR|IWWWIR|RIWWIN|A[AW |||~
NIRRT NAR|R|R|WN[WIWOUNIWIWIWIRARIR|IWWWIR|RIWWIN|A[AW |||~

Previous knowledge of mining Heritage 3 3 3 3 3 3

group size 1-4 people 1-4 people 1-4 people 5-8 people 5-8 people 1-4 people
Duration of visit 1-5 days 1-5 days 5-10 days 5-10 days 5-10 days 11-15 days
visitation frequency 1-2 times per year 3-5 times per year 1-2 times per year 5-10 times per year ~ More than 10 times per More than 10 times per
Travel motivation Destination proximity Heritage value Destination branding  Socio-cultural value ~ Destination branding Employment
Income level 100000-500000 PA 500000-1000000 PA  100000-500000 PA  500000-1000000 PA  500000-1000000 PA_ 100000-500000 PA
Occupation Service Service Service Service Business Business
education level Graduate Graduate Under-graduate Under-graduate Under-graduate Under-graduate
Nationality Indian Indian Indian Indian Indian Indian
Gender M M M M M M

Age 49 59 48 47 26 35
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NIRRT NAR|R|R|WN[WIWOUNIWIWIWIEARIRIWWWIR|RIWWIN|A[AW O[O~

NIRRT NAR|R|R|WN[WIWOUNIWIWIWIEARIRIWWWIR|RIWWIN|A[AW |||~

NIRRT NAR|R|R|WN[WIWOUNIWIWIWIEARIR|IWWWIR|RIWWIN|A[AW |||~

NIRRT NAR|R|R|WN[WIWOUNIWIWIWIRARIRIWWWIR|RIWWIN|A[AW |||~

NIRRT NAR|R|R|WN[WIWOUNIWIWIWIRARIR|IWWWIR|RIWWIN|A[AW |||~

NIRRT NAR|R|R|WN[WIWOUNIWIWIWIRARIRIWWWIR|RIWWIN|A[AW |||~

NIRRT NAR|R|R|WN[WIWOUNIWIWIWIRARIR|IWWWIR|RIWWIN|A[AW |||~

NIRRT NAR|BR|R|WN[WIWOUNIWIWIWIRARIR|IWWWIR|RIWWIN|A[AW O[O~

3 3 3 3 3 3 3 3
8-10 people 8-10 people 1-4 people 1-4 people 5-8 people 5-8 people 1-4 people 5-8 people
11-15 days More than 15 days 1-5 days 11-15 days 1-5 days 1-5 days 11-15 days 5-10 days
1-2 times per year 5-10 times per year 3-5 times per year 1-2 times per year 1-2 times per year  1-2 times per year 5-10 times per year 1-2 times per year
Heritage value Socio-cultural value Socio-cultural value ~ Destination branding Employment Heritage value Destination proximity ~ Destination branding
500000-1000000 PA  1000000-1500000 PA  500000-1000000 PA No income No income No income 1000000-1500000 PA No income
Teaching Teaching Business Unemployed Unemployed House-wife Teaching Unemployed
Graduate Doctorate Under-graduate College goer Under-graduate 12th Doctorate 12th
Indian Indian Indian Indian Indian Indian Indian Indian
M M M F F F F F
38 47 42 25 28 67 48 43
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NIRRT NAR|R|R|WN[WIWOUNIWIWIWIRARIRIWWWIR|ERIWWIN|A[AW |||~

3

1-4 people

1-5 days

More than 10 times per

Destination branding

1000000-1500000 PA

Service

Under-graduate

Indian

F

41
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Appendix B

X36

X35

X34

X33

X32

X31

X30

X29

X28

X27

X26

X25

X24

X23

X22

X21

X20

X19

X18

X17

X16

X15

1

X14

1

0.49332

X13

1

0.29216

0.38507

X12

1

0.0961

0.1277

0.3538

X11

1

0.53185

0.26243

0.35879

0.63125

X10

1

0.15355

0.28559

0.18233

0.13236

0.52907

X9

1

0.5941

0.31687

0.25962

0.02493

-0.14167

0.49165

Table 4. Correlation analysis for the selected surveyed variables.

X8

1

0.32072

0.49459

0.10092

0.09338

0.47829

-0.27996

0.17847

X7

1

0.68155

0.50693

0.45604

0.30298

0.3675

0.4004

-0.19637

0.34759

X6

1

0.03076

0.0743

0.18079

0.2575

0.12422

0.45252

0.24681

0.26729

0.51572

X5

1

0.17372

0.33124

-0.09338

-0.02083

-0.10502

0.28683

0.53286

0.34517

0.01729

0.05245

X4

1

0.60666

0.28854

0.27005

-0.0257

0.11302

0.29789

0.24482

0.59408

0.34376

0.19361

0.16284

X3

0.59307

0.78817

0.32271

0.31017

-0.21217

0.04173

0.16235

0.43249

0.57938

0.25771

0.35387

0.4572

X2

1

0.1644

0.57951

0.15974

0.09555

0.25345

0.17639

0.25652

0.41507

0.01858

0.09563

0.61229

0.38696

0.30385

X1

0.20318

0.57989

0.40002

0.26198

0.29596

0.32859

0.1186

0.3842

0.60148

0.61908

0.5763

0.30355

0.43475

0.6435

X1

X2

X3

X4

X5

X6

X7

X8

X9

X10

X11

X12

X13

X14

X15
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X36

X35

X34

X33

X32

X31

X30 1
X29 1 0.42863
X28 1 0.3244 0.58482
X27 1 0.49907 0.53212 0.33861
X26 1 0.51789 0.69317 0.2596 0.73266
X25 1 0.40107 0.37782 0.42547 0.75156 0.3862
X24 1 0.71644 0.46077 037623 0.51405 0.61529 0.70509
X23 1 0.38701 0.60375 0.62893 0.46797 0.67817 0.43474 0.34948
X22 1 0.21805 0.76875 0.55029 0.03397 0.29562 0.3373 0.43192 0.26876
X21 1 0.16805 0.45305 0.56249 0.62167 0.51312 0.45873 0.43183 0.85103 0.60903
X20 1 0.37631 0.60946 0.36704 0.80415 0.59007 0.32706 0.10581 0.54312 0.4189 0.66279
X19 1 0.41873 0.68283 0.29568 0.48804 0.5307 0.47093 0.53365 0.72618 0.75518 0.60609 0.56495
X18 1 0.36847 0.59115 0.57684 0.34179 0.63471 0.65361 0.5171 0.64505 0.08178 0.52868 0.41726 0.70171
X17 1 0.52852 0.47349 0.52238 0.52708 0.77638 0.43702 0.78369 0.82692 0.28558 0.46752 0.30212 0.73095 0.42037
X16 1 0.37453 0.27969 0.47454 0.75874 0.25438 0.5156 0.26798 0.6524 0.52718 0.32813 0.28686 0.52688 0.23593 0.40451
X15] 0.44492 0.47376 0.23487 0.7582 0.46828 0.41896 0.49365 045117 0.60466 0.35587 0.44488 0.80977 0.67084 0.4872 0.57395
X14] 0.33832 -0.04128 0.04529 0.3211 0.0826 -0.03872 022317 0.51402 0.05348 -0.00958 0.27347 0.49243 0.59557 -0.02701 -0.03122
X13| 0.56956 0.39791 0.33925 0.55553 0.32832 0.37645 0.1237 0.6758 0.42112 0.64198 0.69185 0.52981 0.56065 0.27672 0.35685
X12| 0.33946 0.62623 0.72133 0.25793 0.50428 0.60789 0.59849 0.36397 0.75563 0.53825 0.37027 0.23037 0.31088 0.61101 0.52804
X11| 0.51447 0.49726 0.4409 0.68095 0.40415 0.4477 0.58115 0.24509 0.63761 0.27233 0.348 0.48667 0.54118 0.32062 0.45001
X10] 0.26482 0.04121 0.14541 0.43979 0.27834 0.43953 0.04069 0.17002 0.32186 0.21948 047755 0.43399 0.47346 0.35781 0.55983
X9 0.03305 0.25851 0.22179 0.32402 0.16464 0.24312 0.15703 0.02991 0.31603 0.10447 0.3569 0.37068 0.20458 0.18736 0.53639
X8 0.3444 0.227 0.39046 0.49608 0.43823 0.5561 -0.07402 0.24344 0.36637 0.41369 0.5767 0.26552 0.31433 0.38955 0.6075
X7 0.30316 0.41721 0.5603 0.38945 0.50049 0.38673 0.25762 0.34988 0.63582 0.46981 0.58438 0.2664 0.38319 0.31871 0.58379
X6 0.10665 0.59788 0.21048 041263 0.16608 0.45875 0.36464 0.39946 0.36393 0.49119 031438 0.6837 0.28127 0.71078 0.29942
X5 0.20503 0.57042 0.44841 0.06339 0.17277 0.19964 0.47866 0.36782 0.49934 0.56824 0.21791 0.07775 0.15759 0.27115 0.06752
X4 0.55914 0.4121 0.29796 0.08314 0.37426 0.16939 0.49793 0.20627 0.53971 0.56796 0.30099 0.12421 0.33099 0.23848 0.18348
X3 0.27305 0.51619 0.29884 0.26595 0.26618 0.25306 0.61278 0.40678 0.59824 0.49546 0.20025 0.34755 0.40304 0.40258 0.12029
X2 0.57657 0.03973 0.19872 0.15759 0.37929 -0.04394 0.07991 0.43659 0.25019 0.33063 0.51012 0.20035 0.50003 -0.10542 0.30983
X1 0.30781 0.26904 0.22159 0.49352 0.12434 0.54362 0.28916 0.31442 0.4864 0.28494 0.47862 0.65356 0.44438 0.42618 037116

X16 X17 X18 X19 X20 X21 X22 X23 X24 X25 X26 X27 X28 X29 X30

1222



Journal of Mining & Environment, Vol. 15, No. 4, 2024

Nag and Mishra

X36 1

X35 1 0.07908
X34 1 0.61255 0.33047
X33 1 0.76707 0.78976 0.06193
X32 1 0.28775 0.54866 0.18482 0.24621
X31 1 0.70537 0.18586 0.33055 0.28252 0.18017
X30| 0.31887 0.45827 0.05959 0.189 0.06481 0.27255
X29| 0.08928 0.38866 0.19201 0.35485 0.15508 0.7118
X28| 0.37699 0.55031 0.22237 0.40088 0.09109 0.3042
X27] 035175 0.1537 0.15394 0.1924 0.01272 0.65911
X26| 0.42643 0.3731 0.21098 0.30249 0.21754 0.27836
X25| 0.18273 0.35129 0.46493 0.62584 0.5102 0.47124
X24] 0.30199 0.49808 0.4952 0.59318 0.44907 0.36296
X23| 0.53682 0.50674 0.15839 0.3412 0.23295 0.45073
X22] 0.20552 0.29392 0.38069 0.57189 0.41091 0.38538
X21] 021102 0471 0.18015 023748 0.13001 0.45048
X20| 0.23849 0.56658 0.20302 0.38149 0.16941 0.15692
X19 0.3016 0.35188 0.1037 0.14034 0.00868 0.41082
X18| 0.51017 0.63624 0.15222 0.35339 0.39577 0.2302
X17]  0.22579 0.21382 0.32401 047535 0.51216 0.58134
X16] 0.35688 0.47449 0.44222 0.48776 0.27883 0.04175
X15| 041676 0.38795 0.18505 0.24992 -0.02959 0.5285
X14| 0.49393 0.41131 0.15324 0.25933 -0.04456 0.29092
X13| 031791 0.14267 037656 0.33837 0.34858 0.20684
X12 0.5027 0.72288 0.45553 0.65375 0.47674 0.44598
X11| 0.49946 0.40989 031384 0.25662 0.28078 0.12839
X10| 0.23803 0.48285 0.16406 035554 -0.16599 0.26036
X9 0.36113 0.21899 -0.02561 0.11825 -0.02348 0.16778
X8 0.01755 0.16288 -0.10002 -0.03491 -0.08841 0.05003
X7 0.23217 0.32599 027137 0.32902 0.27074 0.06545
X6 0.19318 0.23305 0.08356 034476 0.12376 0.9344
X5 0.28568 0.2378 0.78611 0.66056 0.94635 0.18896
X4 0.32384 0.49375 0.77176 095181 0.65748 0.21631
X3 0.2455 0.38373 0.81749 0.72276 0.65987 0.37891
X2 0.48139 0.40882 035191 0.5207 02189 0.03677
X1 0.44888 0.47957 0.5239 0.48082 0.17987 0.31491

X31 X32 X33 X34 X35 X36

0n

lati

1vE Corre

between variables, whereas red-colored cells represent a negat

between the variables.

ion

lat

1tive corre

Green-colored cells represent positi

Note
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Table 3. Multilayer Perceptron (MLP) neural network information and model summary

Network information

Previous knowledge of mining heritage

2 Preferred learning style
3 Emotional connection to the site
4 Environmental sustainability initiatives
5 Crowdsourcing initiatives for site preservation
6 Site accessibility
7 Season of visit
8 Weather conditions during visit
9 Cultural background and prior knowledge
10 Proximity to mining heritage site
Factors 11 Awareness of Al technologies at the site
12 Usage of Al-powered tools
13 Engagement level with historical narratives
14 Use of multilingual interpretation
15 Sensitivity to local cultural practices
16 Expectations from the visit
Input layer 17 Historical and cultural significance of the site
18 Efforts for conservation and preservation
19 Interactions with site staff and guides
20 Presence of interpretive signage and information
21 Ethical concems about Al implementation
1 Impact of site on knowledge acquisition
2 Impact of site on cultural understanding
3 Impact of site on emotional experience
4 Suggestions for site improvement
5 Interest in future Al implementations
Covariates
6 Likelihood of revisiting the site
7 Likelihood of recommending the site
8 Most liked aspects of the site
9 Most disliked aspects of the site
10 Impact of Al on cultural interpretation
Number of units* 101
Rescaling method for covariates Standardised
Number of hidden layers 1
Hidden layer(s) Number of units in hidden layer 1* 6
Activation function Hyperbolic tangent
1 Overall satisfaction with the visit
2 Perception of cultural authenticity
Dependent variables 3 Perceived ease of use of Al tools
4 Perceived impact of Al on visitor experience
Output layer 5 Perceived impact of Al on site preservation
Number of units 5
Rescaling method for scale dependents Standardised
Activation function Identity

Error function Sum of squares

a. Excluding the bias unit

Model summary

Sum of squares error 1.926
Average overall relative error .003
Overall satisfaction with the visit .002
. Perception of cultural authenticity .001
- Relative error for p
Training scale dependents Pcrcc%vcd.c.:as? of use of Al tools . .010
Perceivedii of Al on visitor experience .000
Perceived impact of Al on site preservation .001
Stopping rule used 1 consecutive step(s) with no decrease in error®
Training time 00:00:00.363
Sum of squares error .193
Average overall relative error .001
Overall satisfaction with the visit .001
Testing Relative error for Pcrccption of cultural authenticity .001
scale dependents Pcrcc%vcd case 0fu§c of Al tl()f)ls : .002
Perceived impact of Al on visitor experience .000
Perceived impact of Al on site preservation .000

a. Error computations are based on the testing sample.
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