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Abstract. Many heritage sites in China present substantial
accessibility obstacles for differently abled visitors. This study aims to
answer the research question of how AR technologies are used to
enhance the experience for cultural sites’ visitors, particularly for
differently-abled persons. After filtering the literature on accessibility,
inclusivity, and AR, 32 papers were retained, with four directly
addressing the digitalisation of Chinese gardens. The review of the
articles showed that AR technology has shown potential in enhancing
visitor experiences at heritage sites, including in Chinese gardens, and
is beneficial for differently-abled communities. It can mitigate
physical obstacles and offers long-term preservation and
documentation benefits; however, it needs careful integration to
balance with the site's value. Inclusivity in tourism is crucial, yet there
are still barriers for individuals with disabilities. Clear accessibility



2 Z.CHEN, D. LOMBARDI, M. TEDJOSAPUTRO, A. AGKATHIDIS AND T.
DOUNAS

standards, legislative frameworks, and collaborative strategies are
needed, along with enhanced training and public awareness campaigns.
AR and assistive technologies present promising opportunities for
cultural heritage management and social inclusion. By addressing
ethical, accessibility, and user-experience challenges, they can enrich
and preserve cultural heritage and promote a more inclusive society.

Keywords: Heritage Sites, Augmented Reality, Accessibility, Suzhou Gardens.

1. Introduction

Improving the accessibility of heritage sites is important to ensure everyone,
including differently-abled people can navigate within the sites without any
difficulties. However, many heritage sites, such as the classical gardens in
Suzhou, China, present substantial accessibility obstacles for differently
abled visitors, primarily due to their historical designs and unusual structural
configurations. Against this backdrop, this study aims to answer the
following research question: In existing studies, how are Augmented Reality
technologies used to enhance the experience for visitors of cultural sites?

Through a systematic review of empirical studies, this study aims to
explore the impact and potential of the application of Augmented Reality
(AR, henceforth) technologies within heritage sites, with a particular
emphasis on how these technologies can be used to better accommodate the
diverse needs of differently abled individuals. By analysing a wide range of
case studies and experimental research, the review aims to identify best
practices, innovative solutions, potential challenges in utilising AR to
enhance accessibility and ultimately to identify knowledge gaps within the
current studies.

Furthermore, the paper summarises the effectiveness of current AR
implementations, discusses their limitations, and proposes future directions
for research and practice. A systematic review approach is utilised to
synthesise and critically analyse the body of existing research within the
field to provide a thorough and up-to-date overview of the current state of
knowledge.

The preservation and accessibility of cultural heritage sites are crucial for
ensuring that they can be enjoyed by all members of society, including
visitors with physical disabilities. However, many heritage sites, such as the
classical gardens of Suzhou (China), present significant accessibility
challenges for differently abled individuals due to their historical design,
architectural barriers and natural landscapes (Marconcini and Pracchi, 2019).
Suzhou city in Jiangsu province, known for its classical Chinese gardens, is
home to the UNESCO World Heritage Centre. Among these, the Suzhou
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Gardens stand out as exemplars of traditional Chinese landscape design
(Yang et al., 2024).

The Suzhou classic gardens, renowned for their intricate designs,
aesthetic beauty, and cultural significance, often feature uneven terrains,
narrow pathways, and delicate structures; thus, many gardens are not easily
navigable for individuals with mobility impairments or other disabilities.
There are currently 108 gardens in Suzhou that have been included in the
"Suzhou Garden List” by Suzhou government and under protection, of
which nine have been listed as World Cultural Heritage. The earliest of them
can be traced back to the Song Dynasty (960-1279 AD). In the context of the
times, these gardens were once private territories, so that they do not
consider the needs of differently abled persons. Consequently, differently
abled visitors may find it difficult or even impossible to fully appreciate and
engage with these sites' heritage and cultural significance (Gillovic and
Mclntosh, 2020). While adaptations such as tactile paving exists, the
interplay of Suzhou Gardens' micro-features—rockeries limiting GPS
signals, water reflections disrupting AR visibility, and winding paths
complicating navigation—creates compound barriers unaddressed by generic
accessibility solutions. Current AR proposals lack empirical validation in
these environments, risking misalignment with actual user needs (Gillovic
and Mclntosh, 2020; Yang et al., 2024)

In response to the need for greater accessibility, there is a growing
emphasis on adapting these historical sites to make them more welcoming to
differently-abled travelers. Enhancements such as wheelchair-friendly
pathways, clear signage, and multimedia guides are used (Yang et al., 2024;
Zhang and Sikka, 2023), significantly improving the experience for
differently-abled visitors. The inclusion of sensory elements, which appeal
to visually impaired individuals, can potentially add depth to the experience,
allowing them to connect with the garden's natural beauty in innovative
ways.

AR technology enables the overlay of digital information onto the
physical world, providing opportunities to recreate and reimagine the
experience of visiting heritage sites in a more accessible manner. Using AR-
enabled devices, visitors can engage with virtual reconstructions of the
gardens, complete with historical context, interactive features, and guided
tours. These virtual elements can be customized to meet the specific needs of
differently-abled users (Yang et al., 2024), offering alternative sensory
experiences that compensate for physical barriers present in the actual
gardens (Dania et al., 2021).
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2.Research Methodology

A literature review was conducted utilising the following search approach.
In the first stage, this search is conducted searching on Google Scholar, Web
of Science, Scopus, and CuminCAD repositories and filtering via primary
keyword: “virtual reality”, ‘“augmented reality”, “accessibility” and
“heritage”. The following step was to proceed with a qualitative selection of
publications. This search, represented in Figure 1, reported 716 research
papers published on the topic of AR in cultural heritage. Publications that
are not directly relevant to the research topic were excluded, even if they met
specific keyword criteria.
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in databases
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Figure 1. The Process of Literature Review

After filtering the literature based on the focus of this study on issues of
accessibility, inclusivity, and the use of AR for individuals with disabilities,
32 papers are retained. Ultimately, four studies directly address the
digitalisation of Chinese gardens, including Suzhou Gardens (Cao et al.,
2018; Jia et al., 2022; Yang et al., 2024; Zhou et al., 2019). These studies
discuss the unique architectural and cultural aspects of Chinese gardens and
explore how AR can enhance accessibility and visitor experience,
particularly for differently-abled individuals.

3. Discussion

Table 1 summarises four critical tenets of discussions and mentions
references in the remainder of this paper, derived from thematic analysis of
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the gathered literature. They span from the role of Augmented Reality to
improve visitor experience, highlighting the tourism needs of differently
abled communities, the importance of preserving cultural heritage, and
lastly, the accessibility aspect of cultural sites.

TABLE 1. Key themes and selected references

Theme Tools and References
Methods Used

3.1 The role of AR techniques, Balbi, B., & Marasco, A. 2021.; Gardner

augmented reality PoeticAR et al., 2024; Liebermann 2029; Delgado

in enhancing visitor N &Escudero F,2011; Tian et al, 2023;

experience Partarakis. N., and Zabulis, X, A. 2024;
M, Zilak., Z Car., I Culjak., 2022;Li, J.
et al 2023;

3.2 Needs of RFID system, Altinay et al., 2016; Gillovic &

differently abled Maya, GPS Mclntosh, 2020; Han et al., 2019; Vila et

communities in positioning al., 2015; Wan, 2024; Yang et al., 2024;

tourism Yang, Z., et al.2024; Yung, R., & Khoo-
Lattimore, C., 2019

3.3 Preservation GIS, Unreal Guedes et al., 2023; Guimaras et

and Documentation | Engine al.,2015; Innocente et al.,2023; Pirrone

of Heritage et al., 2023; Ruiz-Rodrigo et al.,
2024;Fang & Zhao. 2021; Sood
&Bhandari, 2023; Wang, Y., et al. 2024

3.4 The GPS positioning, | Jia et al., 2022; Lauria, 2016;

accessibility Blender Marconcini & Parcchi, 2019; Zhang &
Sikka, 2023; Ahmetovic, D 2021

3.1. THE ROLE OF AUGMENTED REALITY IN ENHANCING VISITOR
EXPERIENCE

One of the primary advantages of AR technology is its ability to enrich the
visitor experience through interactive and immersive presentations.
Traditional methods of engaging with heritage sites often rely on static
displays, brochures, and guided tours, which may not fully captivate or
educate visitors (Balbi and Marasco, 2021). AR enables users to use their
smartphones or AR glasses to access additional layers of information
overlaid on the physical site (Gardner et al., 2024). This can include three-
dimensional reconstructions of ancient structures, visual storytelling
elements, or contextual historical data that provides a deeper understanding
of the site’s significance (Liebermann, 2019; Marconcini and Pracchi, 2019).
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For example, when a visitor points their device at a fragment of an
ancient wall, AR can render the original structure in its entirety, showcasing
how it looked in its prime. This capability not only captivates audiences but
also enhances educational outcomes, as the information presented can be
tailored to different audiences, addressing varying levels of interest and
expertise (Navarro Delgado and Fonseca Escudero, 2011). However, Suzhou
Gardens' high visitor density and confined spaces (e.g., <2m-wide corridors)
challenge AR's core assumptions. Audio guides may drown in ambient
chatter; haptic feedback risks causing collisions; visual overlays compete
with intricate scenery. No reviewed study addresses these trade-offs, despite
their centrality to accessible design (Marconcini and Pracchi, 2019). While
promising, high-fidelity AR documentation faces scalability challenges in
resource-limited heritage sites like regional Suzhou gardens. Current studies
prioritize  technical  experimentation  over cost-benefit  analysis,
neglecting low-cost alternatives suggested by (Sood, M., and Bhandari, H.
2023) but untrialled in Chinese garden contexts.

The literature highlights the transformative potential of AR in enhancing
visitor experiences at heritage sites by offering interactive and immersive
presentations, which contrast with traditional static methods like displays,
brochures, and guided tours. Tian et al (2023) developed initial prototype of
PoeticAR, an AR interface to present poems based on physical scenery of
Jichang Garden in Jiangsu province in China; and found out that the AR
interface significantly motivated tourists' interest in poems. In return, this
also enhances the cultural and aesthetic tour experience in the garden. In
addition, AR leverages smartphones and AR glasses to overlay additional
layers of information, including three-dimensional reconstructions, visual
storytelling, and contextual historical data, thereby deepening understanding
and captivation.

For example, AR can virtually reconstruct ancient structures, showcasing
their original form and enhancing educational outcomes by tailoring
information to different audiences. However, critical analysis reveals
challenges such as technological accessibility and the potential distraction
from the physical site, necessitating careful integration to balance AR’s
immersive benefits with the site’s inherent value and visitor experience.

3.2 THE NEEDS OF DIFFERENTLY ABLED COMMUNITIES IN TOURISM

The tourism industry plays a pivotal role in global economic growth (Han et
al., 2019), but the sector's accessibility for individuals with disabilities
remains a significant concern. Organisations such as the United Nations
emphasise the importance of inclusive tourism, asserting that travel should
be accessible to everyone, irrespective of physical capabilities (Vila et al.,
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2015). It is necessary to look into the specific needs of the differently-abled
community within the tourism sector, examining existing research that
addresses Dbarriers, accessibility standards, and the roles of various
stakeholders in promoting inclusive tourism (Vila et al., 2015).

Numerous studies highlight the barriers faced by differently-abled
individuals in tourism settings (Gillovic and MclIntosh, 2020; Vila et al.,
2015; Wan, 2024). These barriers often include physical obstacles such as
inadequate facilities, inaccessible transportation, and poorly designed
attractions. These limitations restrict the full participation of differently-
abled tourists in various tourism activities. Additionally, the accessibility
needs vary for different types of disabilities, each requiring tailored
solutions.

Clear accessibility standards are essential for creating an inclusive
environment. In many regions, legislation aimed at improving access is in
place, such as the Americans with Disabilities Act (ADA) in the United
States (Altinay et al., 2016). Since the 2004 World Heritage Conference in
Suzhou, China's first "World Cultural Heritage Monitoring Center" has been
established there. This centre monitors building movement, humidity, and
visitor volume in real time, reporting data directly to the State
Administration of Cultural Heritage and UNESCO. In 2018, Suzhou was
designated the world's first "World Heritage Model City," and its
conservation model is considered a model for the Asia-Pacific region. Any
innovation must assume exemplary responsibility. AR technology must
ensure that it does not compromise authenticity, integrity, or violate the
ICOMOS Charter for the Interpretation and Presentation of Cultural
Heritage Sites. If serious violations are not addressed, UNESCO may
inscribe the Suzhou gardens on its List of World Heritage in Danger or even
revoke their World Heritage designation. Dresden, Germany, was previously
removed from the list due to the construction of a new bridge that disrupted
the valley landscape, demonstrating UNESCO's strict adherence to the
principle of integrity.

However, Suzhou Gardens' national heritage status imposes unique
constraints: rockery-protection laws forbid widening <1.2m pathways;
UNESCO aesthetics guidelines limit AR visual intrusions. Current
accessibility frameworks fail to reconcile these conflicts—evidenced by
Yang et al. (2024)'s AR prototype violating 3/5 World Heritage Operational
Guidelines. This policy-implementation gap necessitates context-sensitive
AR design balancing preservation mandates with multi-disability access
(Gillovic and Mclntosh, 2020). Comprehensive strategies that incorporate
universal design principles are also advocated to ensure equitable access in
tourism infrastructure.

Various stakeholders, including government agencies, tourism operators,
and local communities, play crucial roles in promoting accessible tourism.
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Collaboration among these entities is essential for developing tourism
experiences that cater to the needs of differently-abled travellers (Gillovic
and MclIntosh, 2020; Yang et al., 2024). Training and awareness among
service providers can enhance the overall travel experience for differently-
abled individuals. Public awareness campaigns can also foster more
inclusive attitudes within the tourism sector.

3.3 PRESERVATION AND DOCUMENTATION OF HERITAGE

One way to preserve the cultural heritage is through digitalisation. Fang and
Zhao (2021) suggest that the digital dissemination of Chinese classical
garden is mainly reflected in three aspects: construction and protection,
scenic area management and three-dimensional display. Along with the
potentials, they also listed key problems in the digital dissemination related
to the intrinsic value of gardens, lack of systematic and integrated promoted
strategy and further expanded dissemination channels.

Sood and Bhandari (2023) emphasised the significance of integrating
smart technologies in the heritage interpretation of historic gardens. In the
case study of Ram Bagh in Amritsar, India, they demonstrated that limited
and outdated interpretations had a detrimental effect on the understanding
and appreciation of the historic garden. Along with AR, their study proposed
different smart technologies to contribute to the visitor experience, such as
Internet of Things in the form of RFID tags or QR codes, loT-based Global
Positioning System (GPS) tracking software, a cloud computing platform to
store various types of garden-related information, virtual reality and mobile
applications with gamification elements such as Scavenger hunt games. As
archaeological sites are subjected to environmental degradation, urban
development, and tourism pressures, the ability to digitally document these
sites becomes essential (Innocente et al., 2023; Pirrone et al., 2023; Ruiz-
Rodrigo et al.,, 2024). Sood and Bhandari (2023)'s RFID system maps
barrier-free routes at 1/10 LiDAR's cost yet remains untested in Suzhou
gardens' stone-intensive environments. Contrastingly, Suzhou's 9 UNESCO
gardens use LiDAR for conservation, but there are no datasets that integrate
accessibility features, for example, wheelchair turning radii. AR can store
detailed information about the physical conditions, structural integrity, and
historical context of heritage sites so as to become invaluable data for future
restoration efforts and ongoing conservation initiatives.

Furthermore, as parts of cultural heritage become lost or deteriorate over
time, AR technology allows for effective virtual reconstructions (Navarro
Delgado and Fonseca Escudero, 2011). Applying AR techniques, developers
can recreate lost features, providing both a visual guide for restoration and a
means for educational engagement. This approach not only assists
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conservationists but also ensures that the narrative of the heritage site
continues to evolve and engage future generations (Ruiz-Rodrigo et al.,
2024).

Establishing a personalised user interaction with natural heritage space is
crucial for conveying its narrative and aesthetic essence while exploring
alternative means of immersing users in the environment. Accordingly,
Guimaraes et. al (2015) integrate Augmented Reality technologies with
concepts of Transmedia Storytelling, applied explicitly to garden settings, as
a framework for developing media-art digital artefacts. Despite its benefits,
the integration of AR in heritage sites is not without challenges. One
significant concern is the balance between technological enhancement and
the preservation of the site's authenticity. Guedes et al. (2023) argue that the
introduction of digital elements may overshadow the physical presence of
the heritage itself, leading to a commodification of cultural experiences.
Therefore, it is crucial to ensure that AR applications do not detract from the
intrinsic value of the historical site but rather augment it in a complementary
manner.

Additionally, there are practical considerations regarding the
implementation of AR technologies. Access to devices and the digital
literacy of visitors can vary significantly, impacting the overall effectiveness
of AR experiences (Marconcini and Pracchi, 2019). Heritage organisations
need to consider how to make AR technology accessible to a broader
audience, ensuring inclusivity regardless of socioeconomic status or
technological familiarity.

The digitalisation of heritage sites through AR technology offers
transformative possibilities for both visitors and conservationists. AR
represents a promising avenue for the future of cultural heritage
management, as the technology was found to enhance visitor experiences
(Innocente et al., 2023; Lauria, 2016). However, in leveraging this
technology, careful consideration must be given to ethical implications,
authenticity, and accessibility to ensure that the integration of AR serves to
enrich, rather than detract from, the profound legacy of our shared cultural
heritage.

3.4 THE ACCESSIBILITY

Accessibility for differently-abled individuals, encompassing visually
impaired, hearing impaired, and wheelchair-bound populations, has become
a critical area of research and technological development. The term
differently-abled serves as a broad umbrella to account for diverse
disabilities, promoting an inclusive perspective that recognises the unique
challenges faced by each group (Liebermann, 2019).
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Categorising individuals as differently-abled rather than disabled reflects
a shift in the normalisation of societal attitudes toward disability. This
terminology acknowledges that while these individuals may face challenges,
they possess capabilities that should be recognised and valued (Marconcini
and Pracchi, 2019). The varying nature of their disabilities, ranging from
sensory impairments to mobility restrictions, requires a nuanced approach to
accessibility that goes beyond conventional definitions of disability (Balbi
and Marasco, 2021).

The field of assistive technologies, often referred to as special assistive
technologies, has seen significant advancements aimed at enhancing the
lives of differently-abled individuals. These technologies have evolved to
address specific needs, including mobility aids for wheelchair users, auditory
assistance devices for the hearing impaired, and navigational tools for the
visually impaired (Pirrone et al., 2023; Ruiz-Rodrigo et al., 2024). However,
the development of these tools often varies based on technological and
knowledge accumulation limitations, leading to disparities in accessibility
solutions available to different groups.

A critical challenge in creating effective assistive technologies lies in the
need for experience-centred design. The primary objective is to provide
differently-abled individuals with experiences that allow them to engage
fully with their environment (Guedes et al., 2023). By understanding the
unique perspectives and needs of these populations, researchers can develop
technologies that facilitate a more inclusive experience (Lauria, 2016). This
emphasises the importance of user experience as an integral part of the
design process, where the focus should not solely be on technological
accumulation but rather on creating meaningful interactions.

3.5 SUMMARY

Current research exhibits significant gaps in the context of Suzhou
Gardens. First, there is a lack of systematic analysis of the gardens' unique
physical barriers (e.g., narrow pathways and rockery layouts) and locally
adapted AR designs that integrate aesthetic characteristics. Second, existing
AR solutions primarily target single disability types, failing to establish
interactive systems compatible with combined visual, auditory, and mobility
impairments. Third, outdoor AR faces unresolved technical challenges in
Suzhou Gardens, including GPS positioning inaccuracies under dense
foliage and interface visibility in bright light. Finally, long-term empirical
validation of AR's effectiveness for differently-abled visitors in this specific
heritage context remains absent. Addressing these gaps requires
interdisciplinary collaboration to develop cost-effective, multi-modal AR
frameworks tailored to Suzhou Gardens' distinctive heritage landscape.
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One of the pressing challenges in researching and implementing
accessibility solutions is the relatively small population base of differently-
abled individuals. This demographic limitation complicates efforts to gather
quantitative data that can inform scalable solutions (Marconcini and Pracchi,
2019). As each subgroup may face distinct issues, developing a tailored
approach for individual needs may present logistical challenges and raise
questions about the feasibility and value of such targeted interventions.
Moreover, while customising assistive technologies for specific individuals
can yield significant benefits, it also raises concerns about the broader
applicability of these solutions (Liebermann, 2019). Questions regarding the
sustainability and scalability of such projects often arise, particularly when
considering their alignment with heritage and community needs.

4. Conclusion

This research seek to answer the research question, "In existing studies, how
are Augmented Reality technologies used to enhance the experience for
visitors of cultural sites?" The attempt to answer this question is reflected
through the four key themes as laid out in the Discussions section, which is
found to be rotating around the fourth theme, which is accessibility for
differently-abled communities.

Firstly, in terms of the role of AR in enhancing the visitor experience, it
can be seen that it positively acknowledges existing projects with AR
utilisation around the world, including Chinese gardens. For differently-
abled communities, allowing specific types of interaction has become a key
concern across the different treatments of impairment: visual impairment,
hearing impairment and wheelchair-bound populations. Secondly, in terms
of the needs, mitigating the physical obstacles (inaccessible terrain of
gardens, for example) through the use of AR might open up access to the
interface from any part of the world. It also posits another question related to
other types of obstacles apart from physical obstacles, for example, cognitive
obstacles or access to technology, which is one of the fundamental gaps in
the current studies. Thirdly, in terms of preservation and documentation of
the heritage, AR, along with other smart technologies, shows long-term
benefits. Lastly, in terms of accessibility, the focus for future studies can be
directed towards a more experience-centered design for assistive technology.

AR has the potential to revolutionise heritage site experiences by
providing immersive, interactive presentations that surpass traditional
methods. AR's ability to overlay 3D reconstructions and historical data
enhances education and captivates audiences, but requires careful integration
to balance these benefits with the site's intrinsic value and visitor experience.
Inclusivity in tourism is also crucial, yet barriers like physical obstacles and
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inadequate facilities still limit accessibility for individuals with disabilities.
Establishing clear accessibility standards, legislative frameworks, and
collaborative strategies among stakeholders are essential for creating
inclusive tourism experiences. Enhanced training and public awareness
campaigns further promote inclusivity.

AR technology not only enriches heritage site visits but also serves as a
tool for documentation, preservation, and educational engagement,
enhancing conservation efforts. However, implementation must avoid
overshadowing the sites' intrinsic value, ensuring digital enhancements
remain complementary. Ethical considerations and accessibility issues
necessitate inclusive design practices. Assistive technologies for differently-
abled individuals reflect a shift towards more inclusive, user-centric design,
addressing specific needs related to mobility, sensory impairments, and
environmental engagement. Experience-centred design is crucial for creating
meaningful, inclusive interactions.

AR in heritage sites and assistive technologies for differently-abled
individuals offer promising avenues for cultural heritage management and
social inclusion. AR technology plays a crucial role in heritage sites to
enhance humanistic care for differently-abled people. AR can offer better
experiences in the tours, providing an inclusive and caring experience.
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