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Abstract: The rise of digital heritage and immersive technologies like extended reality (XR)
is reshaping how people experience culture and history. For older adults, these innovations
offer exciting possibilities to explore and connect with their heritage in new ways. However,
scientists and stakeholders still know little about how they engage with these technologies,
what draws them in, what challenges they face, and how it impacts them emotionally and
cognitively. This study aims to contribute to closing that gap by sharing insights from a
survey on older adults’ interactions with digital heritage through XR. By exploring their
experiences, we aspire to uncover the importance of making XR tools more accessible,
intuitive, and meaningful for this audience. This article also highlights how older adults
can contribute their rich perspectives to cultural heritage initiatives, enhancing not only
their own engagement but the broader cultural narrative. Ultimately, this work calls for
thoughtful design that ensures everyone, regardless of age, can connect with, and gain
knowledge from the stories that shape our world.

Keywords: digital heritage; extended reality; engagement; older adults

1. Introduction
The median age of the world population is steadily increasing [1,2], and therefore, to

include the elderly in cultural experiences offered through new technologies, it is necessary
to cater to their needs. Particularly in Europe, where most of the surveyed papers in
this article originate, as noted by Eurostat [3], in a timespan of 50 years (2001–2050), the
old-age dependency ratio is projected to be more than double. This ratio expresses the
relative size of the older part of the population compared with the working-age population,
and it reflects the level of support that the older adults will require within society. This
trend certainly encourages an increase in studying methods to support and improve the
wellbeing of a fast-growing part of the population. It is arguably no coincidence that 5 out
of 24 research papers surveyed in this study come from the two countries in Europe with
the highest dependency ratios (in 2019), i.e., Italy (where this ratio is projected to almost
triple between 2001 and 2050) and Finland. As noted in Section 3.3, similar population
trends apply to all the countries from which the articles surveyed come. Given the changing
demographic landscape, it is imperative to understand how older generations interact with
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digital platforms and content to provide engaging, meaningful, and user-friendly digital
tools and resources. This understanding is not only about their inclusion but also about
utilizing their viewpoints and valuable experiences. The preservation and interpretation of
cultural heritage heavily depend on these insights, which help common historical narratives
to be richer and more diverse. Digital heritage initiatives that include older adults can
create an inclusive approach to cultural heritage conservation by ensuring that their voices
and tales are part of the shared past [4].

Digital heritage refers to preserving, interpreting, and sharing cultural information
and enhancing the heritage experience through digital methods and tools [5]. It encom-
passes using technology to document, archive, and make accessible a wide range of cultural
heritage information to all audiences. Digital heritage involves the convergence of tech-
nology and culture to ensure that the artifacts of human history are preserved for future
generations. However, cultural heritage applications are mainly designed for young people
with relevant digital experience [6].

Participating in heritage helps (older) individuals gain knowledge and reasoning abili-
ties [7] and feel happy [8], thus increasing affective [9] and cognitive engagement [10] while
ensuring they are fit physically and mentally. Consequently, researchers with expertise in
designing XR applications could work in synergy with cultural heritage experts, stakehold-
ers, and end-users to better understand how older adults use digital heritage and what
they think of the specific type of cultural heritage involved in each case. Such synergies
will bridge gaps between specialists as well as between them and users. This approach
will enable interdisciplinary researcher teams to share insights and engage in constructive
dialogue, thereby empowering them to design systems that are easier to use, accessible,
meaningful, and immersive, and therefore able to cater to the needs and demands of their
envisaged users more effectively. The above comments reflect some of the findings of the
publications surveyed, as outlined in the Discussion section and in the final conclusions.

At this point, it is essential from the outset of this article to address the multifaceted
nature of cultural heritage that, even in the context of this survey, which reviews a specific
number of digitized heritage-related resources, takes manifold forms. The ways in which
cultural heritage in these instances of research is framed vary considerably and include
not only monuments in the traditional sense, i.e., archaeological sites or heritage buildings,
but also personal narratives, memories, and users’ interpretation of their ethnic group’s
archaeological past and living traditions. A characteristic example of the wide range of
cultural heritage types involved in the surveyed publications is the study by Dibeltulo
et al. [11], who present a research project involving about 200 older adults from Italy who
share their memories as cinemagoers of the 1950s. The authors presenting this project,
which was focused on Rome, relate their research based on narratives to a conceptual-
ization of intangible cultural heritage that is in accordance with UNESCO and manifests
itself as follows: (a) oral traditions and expressions, including language as a vehicle of the
intangible cultural heritage; (b) performing arts; (c) social practices, rituals, and festive
events; (d) knowledge and practices concerning nature and the universe; and (e) traditional
craftsmanship [12]. In a similar vein, other presented papers, such as that of Dryjanska
(2015) [13], foreground digitized narratives of older adults that convey their experience of
life in specific Roman neighborhoods in a bygone era. Apart from the binary categoriza-
tion of tangible/intangible heritage, as Vecco [14] notes, there is a differentiation between
conceptualizations of heritage between, e.g., the West and East Asia, and the characteristic
example of Japanese temples whose wooden structure is renewed every 25 years approxi-
mately, for many centuries, illustrate an emphasis on heritage as the preservation of the
know-how rather than the material aspect of a monument. Typically, a heritage building,
sculpture, or artifact provides a testimony for the craftsmanship, artistic skills, and aesthetic
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sensibilities of an era that may well be (all but) lost, as is often the case with, e.g., ancient
Greek or Roman art. The conceptualization of heritage as primarily a relay of traditional
knowledge is, to a certain extent, reflected in a publication by Chou et al. [15], in which
traditional Taiwanese glove puppetry games are used (within VR applications) as fulcrums
for intergenerational relations and cultural heritage interaction.

The above commentary illustrates the complex yet alluring nature of cultural heritage
that, in turn, becomes the object of further processing through digital means, a procedure
that itself bears the marks of contemporary sensibilities, conceptualizations, and aspirations.
The primary aim of this study is to classify the results from our research concerning the
use of digital heritage applications by older adults. The first step toward this goal involves
a comprehensive review of existing academic literature based on the initial findings of a
survey on extended reality (XR) technologies.

2. Materials and Methods
2.1. XR Technologies

The main objective of our article is to enhance the understanding of how older adults
interact with and are influenced by digital cultural heritage applications. In an extensive
survey, we aimed to identify the trends, preferences, and challenges that define older
adults’ engagement with cultural heritage in the spectrum of XR technologies that range
from augmented reality (AR), which overlays digital elements on the real world, to fully
immersive virtual reality (VR), and mixed reality (MR), which blends the physical and
digital worlds, as depicted in Figure 1.
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The main aim of the article is to identify and classify the articles concerning research
about the use of XR technologies by older adults in the framework of digital heritage.
Given this focus, the literature review emphasized discovering studies related to immersive
technologies and their application in cultural heritage contexts.

2.2. Search Strategy

The literature search, conducted in June 2024 in ACM Digital Library, the IEEE Xplore
Digital Library, MDPI, Scopus (Elsevier), and Springer Link, aimed to identify studies
focusing on the interaction of older adults with XR technologies in the framework of digital
heritage. As is the case with pertinent reviews [17,18], the key terms, exclusion criteria,
and online databases were identified by a group of researchers with diverse expertise. The
search strategy used the terms (older adults OR elderly OR senior) AND (virtual reality OR
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augmented reality OR extended reality OR mixed reality OR immersive OR immersion)
AND (cultural heritage OR museum OR archaeology). The search across the specified
digital libraries and repositories yielded a total of 127 papers.

After the initial identification of papers, a further screening phase assessed the rele-
vance as well as the quality of the initially selected works to determine their pertinence
and consistency. While two researchers undertook the first phase of paper identification,
another two researchers worked independently to screen the publications further to ensure
adherence to the scope of this review, which focuses on the engagement of older adults with
immersive technologies in cultural heritage settings. Quality-related criteria were partly
influenced by Kitchenham et al. [19], while the search strategy and its delineation were
informed by pertinent studies in the broader field of XR-related systematic reviews [20].
Another researcher made a final evaluation of cases where discrepancies appeared amongst
the opinions of the two colleagues who undertook the main screening procedure. A total
of 24 papers were selected for inclusion in the research results (see Figure 2). Our ex-
clusion criteria were related to papers that did not specifically address cultural heritage
sites as their main application framework or were focused on technological solutions or
medical issues.
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3. Main Results and Categorization
3.1. Results According to Categories of Surveyed Publications

The research articles surveyed were categorized in accordance with their aims, scope,
and main area of research. The first category includes publications with main purpose/area
of research that addresses older adults as contributors to CH (Table 1).

Table 1. Publications with main purpose/area of research of older adults as contributors to CH.

Article Methodology: Type of
Technology/Methods Employed

Context: Characteristics of
Users/Region Specific Aim(s)

Dryjanska
(2015) [13]

Creation of a documentary by
filmmakers based on participants’
narrations. The resource created
is adapted to support Virtual
tourism/virtual reality and
includes a virtual expert (a
“virtual tourist” who functions as
a guide).

64 elders from
neighborhoods close to the
Vatican City.

To include local elders’
narrations to raise awareness of
tourists about the destination
and its recent past.

Dibeltulo
et al.
(2020) [11]

Mixed-methods ethnographic
approach based on the following:
- Use of social media platforms.
- Cross-generational activity
involving Historypin, a digital,
user-generated archive of
crowdsourced historical material.
- Creation of online virtual archive
in collaboration with the older
adults involved in the project;
design of the virtual environment.

Italian cinemagoers of the
1950s willing to share their
memories. The project
focused on Rome and
involved about 200
participants from Italy.

To ensure older adults can
bridge the digital divide and
engage with online cultural
heritage through the creation of
digital platforms in which the
older generations are both
curators and users.
Promote engagement with
online CH, inclusion, and
connection of elders to the
virtual world.

Chou et al.
(2022) [15]

This study presents (the design of)
a virtual reality (VR)
intergenerational game, based on
glove puppetry, a traditional
cultural pursuit of Taiwan.

Two groups of four younger
(23 to 30) and four older
participants (60 to 70). The
purposeful sampling, aimed
to select cases with rich
information

To positively influence
intergenerational relations and
communication via VR game
cultural elements, cultural
heritage interaction, and
technology learning.

Dawson et al.
(2011) [21]

The 3D simulations of objects and
places in virtual reality: two types
of 3D projection systems—a
CAVE and a Portable Video Wall.

Indigenous people of
America: nine Inuit Elders
involved, from the Kivalliq
District and Baffin Region of
Nunavut; North Canada.

Foster users’ agency. To engage
Indigenous peoples—and other
traditional and descendant
communities—in the practice of
archaeological interpretation.

Cassar and
Avellino
(2017) [22]

Guideline proposals for effective
inclusion of elders in diverse
CH-related resources, including
online material.

Older visitors of online and
actual heritage sites; focus
on Malta.

To study how seniors could be
offered a more beneficial
experience at heritage sites
through interpreting and
negotiating meanings about
cultural content through which
they have lived.

Furthermore, the second category is comprised of publications that relate to the
enhancement of cultural heritage experiences for older adults (Table 2).
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Table 2. Papers on enhancing cultural heritage experiences for older adults.

Article Methodology: Type of
Technology/Methods Employed

Context: Characteristics of
Users/Region Specific Aim(s)

Traboulsi et al.
(2018) [23]

Authors conduct semi-structured
interviews before and after
museum visits, with focus on
evaluation of technological
immersive devices (interactive
touch screens and videos).
Moreover, observations were
made of the participants’
interaction with technological
devices.

Older visitors of the Cagliari
Archeological Museum,
which underwent recently a
major renovation with the
inclusion of digital
technologies onsite.

To answer fundamental
questions on the perceived
value of senior visitors in the
context of cultural heritage sites
by using immersive
technologies and accordingly
propose guidelines for
stakeholders.

Colomer and
Erlingsson
(2018) [24]

Short review paper Elderly users. Region of
research not applicable.

To highlight the role of cultural
heritage activities and relevant
experiences in promoting
wellbeing.

Alelis et al.
(2015) [25]

This study examines how two
target populations responded to
seeing cultural heritage artifacts
in three different modalities:
augmented reality on a tablet, 3D
models on a laptop, and then
physical artifacts.

A total of 20 young adults
(18–21 years) and 20 elderly
(65 years and older).
Sessions held at the
University of Kent. The first
eligible persons who
responded were selected.

To provide an insight into the
effectiveness of 3D artifacts
viewed on personal devices and
artifacts shown outside of the
museum for encouraging
emotional responses from older
and younger people.

Moreover, the third category includes publications that address virtual tourism as a
means for enhancing accessibility and emotional connection to CH sites (Table 3).

Table 3. Publications addressing virtual tourism as a means for enhancing accessibility and emotional
connection to CH sites.

Article Methodology: Type of
Technology/Methods Employed

Context: Characteristics of
Users/Region Specific Aim(s)

Yu et al.
(2023) [26]

This study investigates the use of
VR and AR in virtual tourism. It
explores their attributes and
effects on older adults’
experience, perceived advantages,
enjoyment, and reuse intention
using qualitative and quantitative
methods.

Expert group (including
researchers and professors),
as well as adults aged 65 and
older with virtual tourism
experience or elders
interested in it (Korean
citizens).

To offer meaningful insights
about the use of VR and AR in
virtual tourism to effectively
activate senior tourism.

Lai et al.
(2019) [27]

It focuses on older participants,
assessing their responses to
various VR applications through
interviews and experimental
trials.

Ten older adults from the
Yijia aging community in
Beijing with diverse social
and educational
backgrounds.

To explore the potential of
virtual reality in meeting the
entertainment and emotional
needs of older adults within the
context of virtual tourism.
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Table 3. Cont.

Article Methodology: Type of
Technology/Methods Employed

Context: Characteristics of
Users/Region Specific Aim(s)

Kosti et al.
(2024) [28]

Research on the development of
an art-driven methodology that
combined art and technology
through AI and VR to create a
social virtual space for older
adults. The VR immersive
environment incorporated
elements inspired by real-world
locations familiar to the older
adults, such as the Greek Cycladic
architecture.

Target group was comprised
of ten (10) autonomous
elders aged between 60 and
85 years living
independently in Paris,
France, with no health issues
or mental illness.

To enhance the social
engagement, cognitive
stimulation, and emotional
wellbeing of seniors by using
immersive VR environments.
To address issues of isolation
and social interaction of the
elderly by stimulating them
intellectually, instigating further
thoughts and communication.

Fiocco et al.
(2021) [29]

The study investigates the effects
of immersive VR tourism on the
psychosocial wellbeing of older
adults in residential care settings.
VR content was administered
using the Samsung Gear VR
headset, with Samsung Galaxy
Note 7 mobile phones and Sony
headphones.

A total of 18 participants
from residential care homes
in the Greater Toronto Area,
Canada.

To evaluate both the immediate
and longer-term benefits of VR
tourism exposure on
participants’ psychological and
social wellbeing.

tom Dieck
et al.
(2019) [30]

This study examines elderly
tourists’ perceptions of VR as it
links to the consumption of
tourism experiences.
VR application was performed
using a Samsung Gear VR
Headset. The virtual experience
was showcased in 3 museum
locations.

A total of 23 elderly visitors
at the Geevor Tin Mine
Museum in the UK.

To explore the impact of virtual
reality on elderly tourists’
experiences and their specific
requirements for its use in
cultural heritage sites and to
enhance their tourism
experience.

The next category consists of publications that present research on improving cognitive
abilities through CH experiences with emphasis on care facilities and cognitive impairments
(Table 4).

Table 4. Published research with the purpose of improving cognitive abilities through CH
experiences—care facilities and cognitive impairments.

Article Methodology: Type of
Technology/Methods Employed

Context: Characteristics of
Users/Region Specific Aim(s)

Luyten et al.
(2018) [31]

Interactive art installation called
“VENSTER” in the form of a
virtual window in the physical
space, which transferred the users
into various interactive scenes
and experiences. Research
protocol was set up as an
observational explorative study.

A total of 35 nursing home
residents with dementia.
Location: South of
Netherlands.

To investigate the participants’
responses to an interactive art
installation and to assess if their
responses vary with different
types of content presented.
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Table 4. Cont.

Article Methodology: Type of
Technology/Methods Employed

Context: Characteristics of
Users/Region Specific Aim(s)

Vishwanath
(2023) [32]

The study employed a pop-up VR
museum, a prototype VR
application, which featured
digital replicas of artifacts from
the Design Museum in Helsinki,
with the use of Oculus Quest 2
HMD. Evaluation was based on
gameplay data analysis and
questionnaires.

Tested with 254 users at the
museum and taken to
several elderly care homes.

The aim of this study is to
understand how senior citizens
engage with the Pop-up VR
Museum based on their actions
within the experience and
self-evaluation

Yi et al.
(2024) [33]

Study of elders’ VR museum
experience enhancement through
user-centered design by utilizing
methods such as surveys,
questionnaires, interviews, and
focus groups, alongside the
KANO model and Analytic
Hierarchy Process (AHP).

Older adults with cognitive
disorders, study conducted
in China.

To propose a theoretical model
and design strategy leveraging
VR immersive technologies and
identify key design features
through user studies to better
deliver to the needs and
experiences of this demographic
group.

Buele et al.
(2023) [34]

The study presented a
bibliometric analysis in which
they reviewed the progression
and trends in the use of virtual
reality technology in elderly care
over the last 20 years.

The study was conducted by
analyzing 1622 articles from
the Scopus database.

To identify areas of growing
interest and application of VR in
improving the lives of older
adults, particularly in areas such
as cognition and therapeutic
exercise.

Lastly, the fifth category is composed of publications that deal with the enhancement
of cultural heritage experiences for older adults (Table 5).

Table 5. Publications dealing with the enhancement of cultural heritage experiences for older adults.

Article Methodology: Type of
Technology/Methods Employed

Context: Characteristics of
Users/Region Specific Aim(s)

Ress and
Cafaro
(2021) [35]

Explored how immersive
technologies can enhance
historical interpretation at an
open-air museum.

Visitors of open-air museum
in New Harmony, Indiana,
of which about half were
above the age of 56.

To propose design guidelines
for immersive technologies that
can support historic
interpretation—specifically, the
visitor’s ability to experience the
past.

Partarakis
et al.
(2016) [36]

This paper provides a review of
the current trends in the CH
digitalization toward widening
access to digital cultural exhibits.
It includes interactive
technologies, touch interfaces, AR,
VR, and personalized museum
guides using eye-tracking.

Review.

To provide a model for
accessible CH-related
multimodal applications that
enhance visitor engagement and
satisfaction and inclusion (of
users with, e.g., visual
impairments, cognitive
limitations, and mobility issues).



Heritage 2025, 8, 146 9 of 30

Table 5. Cont.

Article Methodology: Type of
Technology/Methods Employed

Context: Characteristics of
Users/Region Specific Aim(s)

Mokatren
et al.
(2018) [37]

The study developed and
evaluated a mobile museum
visitor’s guide that uses an eye
tracker as a pointing device. The
Pupil-Dev mobile eye tracker was
used as a positioning tool and for
focus of attention detection, both
using computer vision
techniques.

Participants: 22 University
students, at Haifa, Israel.

To highlight the potential of
integrating eye tracking with
other immersive technologies to
create engaging and interactive
museum environments.

Moffat and
Shapiro
(2015) [38]

Study of a serious game with the
use of affective, authentic
materials such as voice recordings
and historical photographs, as
well as interactive storytelling
and decision-making elements
but without AR/VR technologies
(web game with a simple
graphical user interface).

Evaluation of a serious game
on Holocaust created by
authors, Glasgow, UK.

To explore the development and
application of serious games for
teaching and preserving CH,
specifically through a case study
focusing on the Holocaust.

Jia et al.
(2023) [39]

The study investigates how
interactive and sensory
affordances affect the adoption of
digital heritage services. The
authors employed immersive
technologies, particularly VR,
with use of VR glasses.

A total of 207 university
students participated (44%
men and 56% women,
location: China) in the
art-related experiment.

To assess the impact of
immersive technologies, such as
VR, on users’ experiences and
perceptions.

Caggianese
et al.
(2014) [40]

An interactive VR system was
developed using Unity3D,
accompanied by a preliminary
usability evaluation of the
interface, which revealed a
significant difference in user
experience between younger and
older adults.

A total of 20 volunteers in 2
age-related groups. Location:
Naples, Italy.

To improve the dissemination
and presentation of cultural
artifacts with the use of VR.

Abeele et al.
(2021) [41]

Research on immersive VR
technologies for older adults.

Authors analyzed interviews
with 37 older adults (via the
Laddering method) of
diverse education levels and
cognitive abilities who
experienced a first VR
experience (Belgium).

To refine and contextualize
design guidelines for XR
applications, emphasizing
accessibility, usability, and user
experience

While the above categories are not watertight or mutually exclusive, they provide
a clear understanding of the overarching trends within research on employing extended
reality (XR) technologies in the CH for older people. The first category in which we or-
ganized the results highlights the empowerment of seniors as active contributors and
interpreters—or mediators—of cultural content, drawing on their experience, perspectives,
and knowledge. This goes far beyond a mentality in which older adults are seen as merely
a group of people with limitations (about, e.g., movement/accessibility or, for the same
matter, digital literacy). Conversely, these publications foreground older people as valuable
contributors who can enrich CH by sharing knowledge and enhancing meaning-making
procedures within XR platforms and applications. Various studies, such as those by Dryjan-
ska [13] and Dibeltulo et al. [11], demonstrated the value of incorporating the memories
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and experiences of older adults into digital heritage. Intergenerational collaboration in
digital cultural heritage environments emerged as an essential aspect that can be studied in
this context. By involving both younger and older generations, bridging the digital divide
and promoting meaningful interactions between different age groups has a dual benefit.

The second category focuses on how XR can foster older people’s engagement in CH.
This approach prioritizes using ICT as a fulcrum to enhance seniors’ inclusion, wellbeing,
and effortless enjoyment of culture. The analysis also points to the need for cultural
heritage environments to consider the preferences and needs of older visitors. Studies
such as that by Traboulsi et al. [23] emphasize the diverse interests of senior audiences
and the necessity for heritage sites to adapt to these preferences to remain relevant and
engaging. In a similar vein, another cluster of publications focuses on virtual tourism for
older adults to offer opportunities for meaningful and emotionally gratifying experiences
of accessing otherwise hard-to-reach physical environments with cultural significance. The
fourth strand addresses the issue of therapeutic use of XR within the field of CH, with
an emphasis on investigating the impact of such applications on elderly users’ cognitive
functions or performance. The last category puts into the limelight the issue of adaptability,
customization, and personalization of XR applications to the needs, characteristics, and
expectations of older users. Priority is given to usability, UI, and user-friendliness, as well
as to improving the flexibility of applications so that they can match audiences amongst
senior users. While this emphasis on the interface seems rather technical, it is fundamental
as it conveys the importance of acknowledging the specificities within this varied and ever-
growing part of the population, highlighting the importance of addressing their distinct
motives, expectations, sensibilities, and needs. While these five categories/strands are
distinct, it is evident that they are complementary, if not symbiotic, given that the aims
and aspirations of one of these categories of research can hardly be achieved without
advancements in the other outlined areas of ongoing scientific investigation.

This study maps the existing research landscape to identify and foreground key
directions in current investigations and promote more holistic approaches that encom-
pass a broader range of parameters within increasingly comprehensive approaches. In
this context, it is crucial to highlight research that, albeit not explicitly or exclusively
focused on older adults, offers valuable insights into related studies. The work by
Raptis et al. [42–44] on cognitive function, as well as the relevant research on person-
alization [43,44], can inform and enrich the quest for more inclusive and effective uses
of XR in the domain of CH for the elderly. Raptis et al. [44], more specifically, propose a
cognition-centered personalization framework for delivering cultural heritage activities
tailored to the users’ cognitive characteristics, something that clearly can inform pertinent
research on optimal uses of XR for older users of heritage applications. Likewise, forays into
the use of tools and methods, such as serious games [38,45], can further advance this field.
This survey, therefore, also highlights studies that, although not specifically addressing
older adults, can significantly contribute to the broader effort of fostering their engagement
with XR cultural experiences, ultimately promoting inclusion, accessibility, and wellbeing.

3.2. Findings of Surveyed Publications in Accordance with Categories

Table 6 presents the key findings organized according to the category in which the
publications surveyed belong. After each table, there is a summary of the key takeaways
from each category, based on the preceding, specific findings of the individual papers that
comprise it.

The common ground of the findings deriving from these publications is the importance
of preserving; foregrounding; and sharing the knowledge, experience, and viewpoints of
older people who might have invaluable insights and information to pass on to new gener-
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ations through XR apps. The following table (Table 7) outlines the findings of publications
on fostering CH experiences for older adults.

Table 6. Key findings from studies addressing older adults as contributors to CH.

Authors Main Topic: Older Populations Actively Shaping
Digital Cultural Heritage Content

Dryjanska (2015) [13];
Cassar and Avellino (2017) [22]

The memories of older people comprise a rich
repository of cultural knowledge, and their narratives
comprise intergenerational knowledge that can be
preserved and disseminated effectively through
digital applications.

Dibeltulo et al. (2020) [11]
The creation of dedicated online archives and the
integration of social media are effective methods for
engaging the elderly in digital cultural heritage.

Dawson et al. (2011) [21]

The 3D virtual experiences enhanced the participants’
(Inuit elders) feelings of connectedness to their
heritage as they actively contributed to the
interpretation of cultural elements.

Chou et al. (2022) [15]

VR-based traditional games (played by youths and
elderly users who interacted) foster intergenerational
relations, communication, cultural heritage
interaction, and technology learning.

Table 7. Findings of papers on fostering CH experiences for older adults.

Authors Virtual Tourism: Enhancing Accessibility and
Emotional Connection to CH Sites

Traboulsi et al. (2018) [23]

The results revealed a complex mix of acceptance
(interest) and reservation (hesitation) toward these
technologies among older visitors, indicating a diversity
of responses to the use of immersive technologies in
cultural heritage sites.

Colomer and Erlingsson
(2018) [24]

Cultural heritage has an important role in supporting the
wellbeing of older adults.

Alelis et al. (2015) [25]

Older and young participants found the digital
modalities enjoyable and emotionally engaging. Viewing
physical artifacts after digital ones did not diminish their
enjoyment or emotional responses, indicating the
potential effectiveness of 3D artifacts on personal devices
to extend the museum experience beyond usual sites.

The common denominator amongst the findings in this category is that virtual tech-
nologies are compatible and coextensive with physical experiences of cultural sites, pro-
moting wellbeing, while for some older users, in certain circumstances, an element of
reservation might appear. The following table (Table 8) presents the findings of publica-
tions on virtual tourism with regard to older adults.

A common trend in the use of virtual tourism applications is their positive impact, as
findings point to emotional benefits, increased engagement, and heightened motivation.
Notably, the social dimension of shared experiences emerges as a key factor contributing
to the effectiveness and positive reception of these XR-related applications. The following
table (Table 9) outlines the findings of publications that address CH applications and
cognitive abilities with regard to older users.
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Table 8. Findings of papers on virtual tourism regarding older adults.

Authors Virtual Tourism: Enhancing Accessibility and Emotional
Connection to CH Sites

Yu et al. (2023) [26]

Positive correlation between the use of XR experiences in
virtual tourism in all four main attributes of VR/AR,
classified as Escape, Aesthetic, Educational and
Entertainment Experience, with a strong tendency of senior
participants to reuse such applications.

Lai et al. (2019) [27]

The older adults had significantly higher arousal of emotion
during VR experience, especially in the game application, as
well as in virtual tourism applications. Educational content
should match their educational background to avoid
frustration.

Kosti et al. (2024) [28]

Heightened willingness among seniors to engage with VR;
the desire to create content subsequently incorporated into
the VR app. Increased motivation derived from the
interactive and socializing aspects of the VR app, as well as
elements of feeling creative and explorative.

Fiocco et al. (2021) [29]

Immediate benefits of immersive VR tourism: a significant
increase in momentary relaxation (decline in anxiousness)
and a trending increase in momentary happiness was
observed; significant increase in social engagement and
quality of life.

Tom Dieck et al.
(2019) [30]

Positive attitude toward VR and suggest that it can make
heritage sites more appealing and accessible to older
audiences. VR provides the older adults with perceived
mobility to experience the site similarly to other visitors,
enhancing social experience.

Table 9. Findings of studies addressing CH apps and cognitive abilities.

Authors Virtual tourism: Enhancing Accessibility and Emotional
Connection to CH Sites

Luyten et al. (2018) [31]
The findings indicated that the nature of the content
significantly influenced the residents’ engagement and the
quality of their interactive experiences.

Vishwanath (2023) [32]

While senior citizens primarily engaged through narrative
elements that evoked personal memories, younger users
showed more interest in the interactive features of the virtual
museum.

Yi et al. (2024) [33]
The research highlights the effectiveness of virtual displays
and thematic exhibits in improving participants’ subjective
wellbeing.

Buele et al. (2023) [34]

Authors indicate a surge in research output and citations
since 2013 on VR apps for older adults, particularly in areas
such as cognition. The survey underscored the potential of
VR in early diagnosis and management of cognitive
disorders.

The actual content of XR experiences and especially interactive features can vary
considerably, and the acceptance of older users is affected; accordingly, however, a common
trend is that XR-based, CH-related applications improve sense of wellbeing, engagement,
and cognition-related processes. Lastly, the following table (Table 10) presents the key
findings of publications addressing the adaptation of CH apps to the older users’ needs.
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Table 10. Findings of papers addressing adaptation of CH apps to older users’ needs.

Authors Virtual Tourism: Enhancing Accessibility and
Emotional Connection to CH Sites

Ress and Cafaro (2021) [35]

Immersive technologies can help visitors experience
the past, but despite literature suggesting otherwise,
visitors preferred learning from tour guides,
indicating that technologies like AR and VR should
complement, not replace, human guides.

Partarakis et al. (2016) [36]

Immersive technologies could enable natural and
intuitive interactions, such as touch, gestures, and
eye-tracking, to create more engaging and inclusive
museum experiences.

Mokatren et al. (2018) [37]

Mobile eye-tracking technology, as an intuitive
pointing device, enhances visitor experiences by
providing personalized, context-aware information.
This technology can be adapted to improve
accessibility and the experience of seniors in CH sites.

Moffat and Shapiro (2015) [38]

The immersive aspects of the game are achieved
through the use of authentic materials such as voice
recordings and historical photographs, as well as
interactive storytelling and decision-making elements,
which engage players.

Jia et al. (2023) [39]

Interactive affordance and sensory affordance
significantly enhance user adoption of digital heritage
services by reducing psychological distance and
improving embodied cognition. Moreover,
information overload affects sensory affordance.

Caggianese et al. (2014) [40]

XR systems improve visitors’ experience thanks to the
opportunity of direct manipulation of a virtual
representation of the artifact through, e.g., gestures.
However, young users have higher usability
expectations due to prior experience.

Abeele et al. (2021) [41]

Broad audiences of older adults can successfully
engage with VR. This contrasts with the focus of
guidelines on increasing accessibility and usability.
Simplistic VR environments may not offer sufficient
challenge and depth for users. This highlights the
importance of moving beyond accessibility and
usability concerns, leaving behind the deficit-focused
perspective that calls for simplistic VR for older
adults.

While intuitive, sensor-based modes of interaction can improve the user experience in
VEs, and as is the case with gestural commands and manipulation of virtual objects, XR
experiences should complement actual CH site visits. Older users can fully enjoy VR, and
apps must not be oversimplified, as they may become less meaningful. XR apps should
avoid sensory overload, though, to maintain user engagement.

3.3. Statistics Related to Surveyed Publications

Lastly, we provide some statistics, starting with an overview of the distribution of
surveyed publications per year (see Figure 3) and in relation to the region in which the
research took place (where applicable).
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Likewise, in Table 11, we include the regional distribution of publications, excluding
from the results three (systematic) reviews for which geographic affiliation is less significant.

Table 11. Geographic distribution of surveyed publications/regions of research projects.

South of Europe-
Mediterranean

Central/Northern
Europe East Asia North America

6 7 5 3

Italy: 4
Malta: 1
Israel: 1

UK: 3
Belgium: 1
Finland: 1
Netherlands: 1
France: 1

China: 3
Korea: 1
Taiwan: 1

Canada: 2
US: 1

In all the above countries/regions, the percentage of people over 65 is high, or, as is
the case with China, rising quickly [46], projected to reach high levels in the near future [2].
The demographic reversal of age structure in China’s population is dramatic, as in 1976,
the ratio of people 14 and under to those over 64 was 10 to 1 [2], while it reached 1 to
1 in 2024 [47]. As noted in the Introduction, European countries, particularly Italy and
Finland, experienced a rapid increase in dependency ratio, i.e., the ratio between older and
working-aged people, which conveys the levels of effort a society must make to cater to the
needs of the elderly. While the increased research interest in CH-related digital experiences
for the older adults can be correlated with the shifting age structure dynamics, as the
authors of [48] note, countries such as Italy, Greece and the UK are also overrepresented
in the production of publications on the uses of XR technologies in museums in the CH
area (these three countries alone account for over half of the global total). This might
show that in such countries, there is an overall investment in new technologies as a means
for fostering audience engagement (irrespective of age) already in place, something that
nevertheless can only positively influence the respective investment in research methods to
include the demographic of the elderly in the employment of XR in the field of CH. The
same trend applies to the number of articles produced by countries such as Italy on the use
of extended reality in the transmission of heritage, according to the findings of a literature
review by Dordio et al. [18], which offers an indication that investment in CH, education
through new media, and catering for the inclusion of all demographics/age groups in such
provisions are closely related topics.
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4. Discussion
This section aims to provide a more detailed presentation of each category, providing

key themes, approaches, and findings from the reviewed literature. At the same time, the
last (and by no means least) Section 4.6 outlines some suggestions and guidelines for opti-
mizing such technologies for older users. Sections 4.1–4.5 correspond to the five categories
presented above, and in each case, the publications comprising them are described in more
detail. As mentioned, based on the research findings and key results from papers from the
broader field of XR applications, several specific design-related insights are foregrounded.

4.1. Older Populations Actively Shaping Digital Cultural Heritage Content

There is an increasing number of studies in recent literature that involve older
adults not only as passive viewers/consumers of digital cultural heritage content but
also actively incorporating them in the creation and evaluation process of such digital
heritage experiences.

Dryjanska [13] examined how the memories of Rome’s elderly population could serve
as a valuable resource for capturing the city’s intangible cultural heritage, offering a foun-
dation for creating authentic narratives for tourists through a documentary format. The
study utilized the social representations theory to analyze the urban landscape of Rome’s
former 17th Municipality, particularly areas near the Vatican. By engaging elderly partici-
pants through cognitive assessments, focus groups, and interviews, the research sought
to document their personal recollections. The findings highlighted that the memories of
older residents were a rich repository of cultural knowledge, underlining the significance
of preserving these narratives for future generations.

These representations were then transformed into a documentary, which combined the
personal narratives of elderly participants with expert commentary to enrich the experience
of tourists visiting the area [13]. This approach highlights the deep emotional connections
older adults have with their surroundings and underscores the value of integrating social
memories into efforts to preserve and promote cultural heritage. Dryjanska’s work [13] also
suggests practical strategies for utilizing these narratives in tourism and the conservation
of historic social knowledge and envisages the use of the final product in the context of
virtual tourism with the employment of virtual reality techniques. The study found that
mild cognitive impairments or lower educational levels among some participants did
not hinder their ability to share meaningful and insightful memories, further reinforcing
the importance of including diverse voices in the documentation and interpretation of
cultural heritage.

Another study that positions older adults not just as users but as active contributors
to cultural heritage is Dibeltulo et al. [11], which presents a model for enhancing elderly
engagement in the digital sphere. The authors focused on the digital participation of older
adults in cultural heritage activities, specifically exploring memories of cinema-going in
Italy during the 1950s. Using the Italian Cinema Audiences project as a case study, the
research examined strategies for fostering meaningful interactions between older adults
and digital platforms. The study identified the creation of dedicated online archives and
the integration of social media as effective methods for engaging the elderly in digital
cultural heritage.

The work of Dawson et al. [21] further emphasizes the role of older adults in the
creation and interpretation of digital cultural heritage content. Their research explored the
creation and use of 3D virtual worlds for knowledge repatriation. In this study, nine Inuit
Elders interacted with virtual reconstructions of traditional Inuit dwellings using a CAVE
and a Portable Virtual Wall as forms of immersive digital technologies. The discussions
with the participants indicated that the 3D virtual experiences enhanced their feelings
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of connectedness to their heritage. A similar finding to Dryjanska’s study [13], which
also demonstrates the potential of such interventions to facilitate the intergenerational
transmission of knowledge, is foregrounded by Cassar and Avellino [22], who also studied
the role of older adults as both learners and interpreters of cultural heritage. Building on
the concept of creating engaging and meaningful narratives for older audiences, this work
studied the implementation of tailored experiences that resonate with their life experiences
and values.

The main objective of the study by Chou et al. [15] was to explore the use of virtual
reality to promote intergenerational communication through a game based on traditional
Taiwanese glove puppetry. The study focused on older adults and aimed to bridge the
digital gap by leveraging their understanding of traditional culture. The authors designed
a VR intergenerational game that integrated cultural heritage elements, allowing older
adults to share their knowledge and experience with younger participants. The game’s
immersive aspects, including VR hand gesture functionality for puppet control, brought
together older and younger generations in an engaging environment where they could
interact and learn from each other. The study’s empirical findings indicated that VR games
incorporating cultural elements significantly enhanced intergenerational relationships and
communication. The key factors contributing to the success of VR intergenerational games
included making the content appealing to older adults, simplifying the game’s opera-
tional procedures, and ensuring the game provided a sense of achievement. Interviews
with participants revealed that the VR game not only improved digital literacy among
the older adults but also promoted a greater appreciation for cultural heritage among
younger players.

4.2. Enhancing Cultural Heritage Experiences for Older Adults: The Rising Market of Older
Audiences for CH Sites

Recent research efforts have concentrated on examining older audiences as a significant
market segment for cultural heritage sites, including museums and archaeological locations.

Traboulsi et al. [23] narrowed down their research on the specific impacts of immersive
technologies on older visitors at cultural heritage sites populations in the context of digital
museum transformation. This study evaluated the perceived value of enhancements that
utilized immersive technologies from the perspectives of epistemic, functional, hedonic,
and social values. Through a combination of semi-structured interviews and observational
methods, this work provides an in-depth analysis of how immersive technologies influence
the museum experience for seniors. The results revealed a complex mix of acceptance
(interest) and reservation (hesitation) toward these technologies among older visitors,
indicating a diversity of responses to the use of immersive technologies in such settings.
The results of this work can be utilized as guidelines for the design of immersive experiences
for cultural heritage exploration targeted at older adults.

Colomer and Erlingsson [24] published a short review paper that argues that cul-
tural heritage activities can significantly enhance the health and quality of life of older
populations. The involvement of older individuals in activities like museum visits, remi-
niscence sessions, and the handling of historical objects can stimulate memory, promote
social cohesion, and provide a sense of identity. They also discuss the therapeutic potential
of cultural heritage, emphasizing its capacity to evoke positive emotions and mitigate
feelings of isolation. While the authors do not directly address immersive technologies
such as augmented or virtual reality, they highlight the role of sensory experiences in
promoting wellbeing.

Alelis et al. [25] focused on understanding how older adults (aged 65 and older)
and younger adults (aged 18–21) engaged with and emotionally responded to cultural
heritage artifacts presented in three different modalities: augmented reality (AR) on a
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tablet, 3D models on a laptop, and physical artifacts. The key findings revealed that both
age groups found the digital modalities enjoyable and emotionally engaging. Viewing
physical artifacts after digital ones did not diminish their enjoyment or emotional responses,
indicating the potential effectiveness of 3D artifacts on personal devices in extending the
museum experience beyond traditional settings.

4.3. Virtual Tourism for Older Adults

Yu et al. [26] examined the impact of VR and AR on enhancing the tourism experience
for senior tourists, focusing on experiential quality, perceived advantages, perceived enjoy-
ment, and reuse intention. This work acknowledged the growing demographic of older
adults and their increasing interest in tourism and explored how VR and AR can mitigate
physical and logistical challenges they might face. The authors used a mixed-methods
approach to investigate how specific attributes of VR and AR affect seniors’ emotional
and behavioural responses, finding significant relationships among these technologies’
attributes, experiential outcomes, and the intention to reuse such technologies in tourism.

Lai et al. [27] explored the potential of virtual reality in meeting the entertainment
and emotional needs of older adults within the context of virtual tourism. The study
focuses on older participants, assessing their responses to various VR applications through
interviews and experimental trials. The findings indicate that VR applications, particularly
those involving tourism and simple games, can enhance emotional wellbeing and offer a
satisfying entertainment experience for older adults. The paper concludes with guidelines
for designing VR content that is accessible and enjoyable for older adults, emphasizing the
importance of aligning these applications with their physical and cognitive abilities.

Kosti et al. [28] researched the development of an art-driven methodology that com-
bined art and technology through AI and VR to create a social virtual space for older
adults. The main objective of the study was to enhance the social engagement, cognitive
stimulation, and emotional wellbeing of seniors by using immersive VR environments. The
study particularly focused on older adults, aiming to address issues of isolation and social
interaction. Cultural heritage had a significant role in the project, as the VR environment
incorporated elements inspired by real-world locations familiar to the older adults, such as
the Greek Cycladic architecture.

Fiocco et al. [29] investigated the effects of immersive VR tourism on the psychosocial
wellbeing of older adults in residential care settings. The main objective of the study
was to evaluate both the immediate and longer-term benefits of VR tourism exposure
on participants’ psychological and social wellbeing. The study revealed that VR tourism
significantly reduced anxiety and fatigue while enhancing social engagement and quality
of life over a six-week period. Participants reported immediate feelings of relaxation and
enjoyment following VR sessions, and qualitative data highlighted the potential of VR to
provide meaningful and enjoyable experiences that could break the monotony of life in
residential care facilities.

Tom Dieck et al. [30] explored the impact of virtual reality on elderly tourists’ ex-
periences and their specific requirements for its use in cultural heritage sites. Through
interviews with 23 elderly visitors at the Geevor Tin Mine Museum in the UK, the study
found that VR significantly enhances their tourism experience by providing a deeper
connection to historical contexts, improving accessibility for those with mobility issues,
enabling shared educational experiences, and adding novelty to museum visits. The elderly
users expressed a preference for immersive, sensory-rich VR experiences with appropriate
control over the pace and storytelling elements. The findings indicate a positive attitude
toward VR and suggest that it can make heritage sites more appealing and accessible to
older audiences.
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4.4. Care Facilities and Cognitive Impairments

Luyten et al. [31] conducted a pilot study to investigate the responses of nursing
home residents with dementia to an interactive art installation called “VENSTER” and to
assess whether their responses varied with different types of content presented. This art
installation had the form of a virtual window in the physical space, which transferred the
users to various interactive scenes and experiences. The findings indicated that the nature
of the content significantly influenced the residents’ engagement and the quality of their
interactive experiences.

Vishwanath [32] conducted a case study that employed a pop-up VR museum, which
featured digital replicas of artifacts from the Design Museum in Helsinki. The VR expe-
rience was designed to be inclusive and accessible, facilitating interaction with virtual
artifacts and listening to related stories, and was tested with both elderly care home resi-
dents and museum visitors. The findings highlighted that while senior citizens primarily
engaged through narrative elements that evoked personal memories, younger users showed
more interest in the interactive features of the virtual museum.

Yi et al. [33] studied the enhancement of museum experiences for elderly individuals
with cognitive disorders using user-centered design by utilizing methods such as surveys,
questionnaires, interviews, and focus groups, alongside the KANO model and Analytic
Hierarchy Process (AHP). The research highlights the effectiveness of virtual displays
and thematic exhibits in improving participants’ subjective wellbeing. It proposes a the-
oretical model and design strategy leveraging VR immersive technologies. It identifies
key design features through user studies to better deliver to the needs and experiences of
this demographic.

Buele et al. [34] presented a bibliometric analysis in which they reviewed the progres-
sion and trends in the use of virtual reality technology in elderly care over the last 20 years.
The study, conducted by analyzing 1622 articles from the Scopus database, highlighted the
growing interest and application of VR in improving the lives of older adults, particularly
in areas such as cognition, therapeutic exercise, and randomized controlled trials. The anal-
ysis identified key authors, influential publications, recurring keywords, and significant
journals in the field. Notable findings indicated a surge in research output and citations
since 2013, with pivotal studies shaping the field. The paper underscored the potential of
VR in early diagnosis and management of cognitive disorders, emphasizing future research
directions in spatial navigation, neuropsychological testing, and physical exercises.

Apart from the publications reviewed, a growing body of research that concerns the
possible effects on wellbeing and probable health benefits, e.g., in relation to cognitive
functions, is also worthy of inclusion in this discussion. Although the following papers
are not strictly related to the use of CH-related XR technologies by older adults, or, for the
same matter, do not address older users with cognitive disabilities, they can, nevertheless,
offer considerable depth to important aspects of this discussion.

There is a consensus amongst surveyed authors that adequately designed XR experi-
ences offer motivation for increased engagement with CH, while the use of VR can improve
older users’ wellbeing. Chaze et al. [49] explain that older participants found VR experi-
ences to be enjoyable, relaxed, and happy while viewing them. Most participants were
attentive/focused while viewing the VR experiences and often found them to be a source of
reminiscence. They related well to others around them during most of the VR experiences,
which became a point of conversation, thereby promoting social interaction. As Kupzick
et al. note, [50] immersive technologies can provide a stimulating environment for older,
more frail individuals, allowing them to experience an intuitive, meaningful simulation of
an environment that contributes to their psychological and physiological wellbeing. Their
research [50] indicates a preference for Immersive VR as opposed to 360◦ videos due to
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their sense of presence in the virtual world and freedom of interaction. VR captivated
older people for longer periods of time, implying that older people are more interested in
the interaction provided by technology rather than photorealism. These findings, along
with far more positive emotional responses to VR experiences, indicate the importance of
interactivity and perceived sense of freedom/mobility as factors that contribute to XR’s
ability to have a positive effect on older users’ wellbeing. In a similar vein, Fu et al. [51]
found that the interests and acceptance of older adults in XR games and the positive health
effects of continuous use are opportunities and space for developing such software further.

Regarding this point, although their systematic review does not address older adults
with some kind of impairment, Healy et al. [52] provide some pertinent insights on the
matter of how the elderly relate to and benefit from XR experiences: A “striking finding”
(in their own words) from their review “is the level of agency that the IVR [Immersive
VR] equipment afforded older adults while in virtual reality. It was clear that older adults
experienced greater levels of agency during their IVR experience, in some cases enabling
greater levels of agency than they had in the real world” [52]. Their conclusions highlight
the ability of VR to engender positive emotions, something that is in stark contrast with
the initially negative attitude of older adults toward immersive VR (another key finding of
their survey) that, according to them, typically changes to positive after use. As Antoniou
et al. note [53], this age group seems to be hesitant about the use of technology, either
because they believe they lack technical skills or because they are skeptical overall about
the use of novel technologies. For CH stakeholders, this negativity of older users must
be taken into consideration, as is the case with the need to consider the relative ease with
which this negative predisposition dissolves once IVR experiences are enjoyed by older
adults. Nevertheless, when older adults with health or mental issues are involved in the
planning of the XR session length (which ideally should not exceed 15 min [54]), a seated
position [50], the interface, hardware involved, and the actual content of applications should
be considered. For example, as Antoniou et al. posit [53] regarding content requirements,
designers should avoid unnecessary details in the material used for VR and AR to avoid
sensory overload. At the same time, on a separate note, dark colors seem to trigger negative
emotional reactions. As Sekhon et al. [54] note, older adults with cognitive deficits tend
to have a higher susceptibility to the negative side effects of prolonged technological use
before, and more specifically, during XR exposure, than their cognitively healthy peers [55].

4.5. Enhancing Cultural Heritage Experiences for Older Adults

Enhancing cultural heritage experiences for older adults is particularly important, as
this demographic often faces unique challenges when interacting with modern technologies.
This section reviews the contributions of several studies that address such topics.

Ress and Cafaro [35] explored how immersive technologies can enhance historical
interpretation at an open-air museum in New Harmony, Indiana. A visitor survey revealed
that nearly a quarter of visitors were over the age of 70, highlighting the need for user-
friendly technologies that are tailored to older adults. The study used this survey data to
propose design guidelines for immersive technologies that can help visitors “experience
the past”. Despite literature suggesting otherwise, the authors report that visitors preferred
learning from tour guides, indicating that technologies like AR and VR should complement,
not replace, human guides.

Partarakis et al. [36] researched the need for inclusive digital and physical cultural
heritage experiences, particularly focusing on the accessibility challenges faced by disabled
individuals and older adults. The authors highlight the gaps in current accessibility efforts
within Cultural Heritage Institutions (CHIs) and propose a systematic approach to create
universally accessible cultural experiences. They review various interactive technologies,
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including touch interfaces, AR, and personalized museum guides using eye-tracking to
enhance visitor engagement and satisfaction. The authors emphasize the importance
of multimodality and personalized interaction to cater to the diverse needs of all users,
including those with visual impairments, cognitive limitations, and mobility issues. In
particular, the authors discuss the potential of VR, AR, and immersive experiences to
make cultural heritage more accessible. They present scenarios and personas involving
older adults who benefit from personalized mobile applications that adjust font sizes and
contrasts for better readability or use head-mounted displays for gaze-based interaction
due to physical impairment. These immersive technologies could enable natural and
intuitive interactions, such as touch, gestures, and eye-tracking, to create more engaging
and inclusive museum experiences.

Mokatren et al. [37] reported on a sensor-based approach by studying the use of mobile
eye-tracking technology as an intuitive pointing device in museums, finding that it enhances
visitor experiences by providing personalized, context-aware information. The authors
highlight the potential of integrating eye tracking with other immersive technologies to
create engaging and interactive museum environments. Although the study focused on
university students, the findings suggest that this technology could be adapted to improve
accessibility and enrich the experience for older adults in cultural heritage settings.

A study by Moffat and Shapiro [38] aimed to explore the development and application
of serious games for teaching and preserving cultural heritage, specifically through a
case study focusing on the Holocaust. Key to this effort was the inclusion of testimonies
from older adults, particularly Holocaust survivors, whose accounts were digitized and
integrated into the game to provide an authentic and emotionally impactful narrative.
The immersive aspects of the game are achieved through the use of authentic materials
such as voice recordings and historical photographs, as well as interactive storytelling and
decision-making elements, which engage players without relying on AR/VR technologies.

Jia et al. [39] aimed to investigate how interactive and sensory affordances affect
the adoption of digital heritage services. The authors employed immersive technologies,
particularly virtual reality, to assess their impact on users’ experiences and perceptions.
The findings revealed that interactive affordance and sensory affordance significantly
enhance user adoption of digital heritage services by reducing the psychological distance
and improving embodied cognition. Additionally, information overload was found to
moderate the influence of sensory affordance on psychological distance, highlighting the
complexity of user engagement in digital heritage contexts.

4.6. Culture-Related XR Applications for the Elderly

Design considerations
In this section, we see fit to discuss some key takeaways from this literature review

with a view to offering informed recommendations for developers and stakeholders in the
domain of incorporating emerging technologies to support a mutually beneficial engage-
ment of older users with cultural heritage. The review of the literature and the respective
findings accrued from the surveyed research section revealed that the active participation of
older adults in the creation of narratives and content for digital experiences can significantly
impact their overall acceptance and engagement. This insight is closely related to the con-
cept of reminiscence, a therapeutic approach that leverages the act of recalling past events
to enhance wellbeing, particularly among older adults [56]. Reminiscence therapy (RT) is a
type of psychotherapy that involves revisiting and reflecting on past personal events, often
resulting in pleasure and improved mental health. It is commonly used with older adults as
a life review therapy to boost their sense of wellbeing. The integration of technology with
RT has been increasingly studied, with research indicating that it can significantly amplify
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its benefits and outcomes [57]. As Chaze et al. [49] note, “Reminiscence therapy has been
found useful in alleviating depressive symptoms and improving psychological well-being
among older adults with dementia [58]. VR shows promise as a tool to enhance cognitive
function and for rehabilitation/memory exercises for individuals with dementia [59]”.

It must be kept in mind, nevertheless, that when developing XR applications related
to cultural heritage for elderly users, it is essential to prioritize usability, accessibility, and
engagement to address cognitive and sensory needs. Due to age-related cognitive and
sensory declines, XR applications must feature simplified interfaces, clear instructions, and
intuitive navigation to ensure they are user-friendly for older adults. It is also essential
to design these applications considering age-related conditions, such as frailty and mild
cognitive impairment, to avoid physically demanding interactions and present content
clearly and straightforwardly. Furthermore, health issues that are common amongst older
adults, such as arthritis, can impair mobility, thereby posing another challenge in using
equipment such as VR controllers. In such cases, alternatives should be considered, such as
assistance from a staff member or voice-activated controls.

Cognitive impairment further influences how older adults interact with VR, neces-
sitating that experiences be tailored to match their cognitive abilities to ensure informed
participation. Furthermore, Abeele et al. [41] refine and contextualize design guidelines
for XR applications, emphasizing accessibility, usability, and user experience. As such, the
literature indicates the importance of technological readiness and the sensitive integra-
tion of immersion in ways that respect and prioritize the wellbeing and dignity of older
adults. The following points provide a foundation for guiding the responsible and effective
integration of XR technologies in ways that enhance the digital cultural experiences of
older adults.

• User-centered design

◦ XR applications must prioritize accessibility and inclusivity.
◦ Design interfaces that consider the cognitive, sensory, and physical limitations

of older adults.
◦ Ensure intuitive navigation, straightforward content presentation, and engag-

ing experiences without overwhelming users.
◦ Consider the acceptance and comfort levels of older adults when using equip-

ment. Engaging participants in the design and testing phases can help ensure
these technologies are well-received and do not cause discomfort or resistance.

• Enhanced cognitive and emotional support

◦ XR has the potential to enhance the feeling of reminiscence and support cogni-
tive functions.

◦ Provides virtual access to cultural heritage sites, particularly for those with
mobility limitations or cognitive impairments.

• Ethical considerations

◦ Ensure informed consent takes into consideration potential physical or cogni-
tive aspects and visual/hearing impairments.

◦ XR content must be designed to avoid psychological distress and maintain the
wellbeing of older users.

◦ Balance the benefits of immersive technologies with the potential risks.
◦ Consider the dynamic and situated needs of the communities that older adults

belong to, rather than focusing solely on their age-related characteristics.

Moreover, several publications highlight several issues with respect to the design
considerations of culture-related XR applications that, albeit not strictly related to older
users, provide insights in relation to, e.g., different interactions in 3D environments created
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through the collaboration of interdisciplinary teams [60]. Furthermore, Chong et al. [61]
presented a systematic review of VR applications in cultural heritage from 2007 to Jan-
uary 2020, categorizing 290 selected articles into four main taxonomy schemes: literature
reviews, case studies, design and development, and evaluation studies. The review iden-
tified key motivations for using VR in CH, including enhancing accessibility, promoting
awareness, facilitating knowledge transfer, engaging users, and improving performance.
The study emphasized trends in reconstruction, optimization, preservation, system design,
and technological advancements. While the review offers comprehensive insights into VR
applications for CH, it does not specifically address older adults as a distinct user group.

Likewise, another cluster of publications/systematic reviews, such as that of Margett
et al. (2022) [17], address older adults’ use of extended reality (XR), providing insights in
relation to pertinent research trends and employed technologies, as well as useful defini-
tions of key terms such as wellbeing with regard to the elderly. Other publications in this
group contribute to design considerations, as is the case with Seifert and Schlomann [62],
who include gerontological recommendations for further developments in the field of XR.

This section closes with a brief discussion of the adverse effects that the use of XR
applications might have on older users and concomitantly addresses pertinent challenges,
as these transpire both from the publications reviewed and from relevant commentary
from other publications mentioned, such as those in the previous paragraph. Starting
with the publication of Ress and Cafaro [35], it has been observed that while older adults
enjoyed these technologies, they nevertheless needed more time to adapt, so designs should
minimize physical strain and allow comfortable interaction. Moreover, as Fiocco et al. [29]
note in their research project, over a fourth of participants had to withdraw mainly due to
medical reasons (something that underscores pertinent considerations), while most notably,
one participant withdrew because they found the VR headset uncomfortable. A research
project measuring VR headset comfort levels [63] found that of the older users, only some
(8%) found the device somewhat or too heavy, although one participant who rated it as
heavy added that this was “worth the mild discomfort”. Appel et al. [63] note that most
participants (85%) described the HMD as easy to accommodate, and even those who found
the device heavy still found the comfort acceptable. This highlights that although hardware
tolerance issues still exist, they do not distract from the overall positive contribution that
such XR experiences can make. Lastly, cybersickness, as Arns and Cerney [64] explain, is
not related to old age, as according to their findings, it is more frequent in younger adults
(it peaks at the 24 to 26 age category) and likewise, most severe in the age bracket of 30 to
39 year olds; albeit, it is also noticed amongst the older adults. However, as Sekhon
et al. [54] note, as age increases, so does the likelihood of adverse health effects from the
protracted use of XR, and they state that the optimal session duration should last around
15 min (as noted in Section 4.4.) to avoid the possibility of negative side effects [65,66].
Another key factor for avoiding negative effects is highlighted by Kupzick et al. [50], who
found that technical limitations, such as the poor resolution and refresh rate of the headset,
mainly when a VR headset is used to render 360◦ video (as was the case in this research
instance), can contribute to feelings of dizziness and a loss of focus amongst older users,
something that arguably also affects their emotional responses.

On a different note, Fiocco et al. [29] report that one older participant in their research
project withdrew due to disappointment with the virtual content and another due to fre-
quent migraines (not related to the use of XR). It becomes evident that comfort is imperative
when physical devices such as headsets are involved, as frequent health issues characterize
this demographic. It also should be noted that the actual content has to be tailored to the
cognitive profiles of older adults who might lose interest or might have a certain lack of
motivation or tendency to focus for much time when a specific type of content is used (i.e.,
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calming scenery), as transpired in the research by Luyten et al. [31]. Furthermore, there
is the problem of the digital divide between younger and older generations who tend to
rely on or use new technologies far less in their everyday lives; therefore, as Seifert and
Schlomann [62] note, “technical solutions should clearly add value compared to offline
solutions (Cotten, 2021)” [67]. Seifert and Schlomann [62] also indicate the possibility of
cybersickness, which appears more often amongst older users of XR applications, with
symptoms including nausea, disorientation, and headaches, quoting Davis et al. (2014) [68],
who published a systematic review of cybersickness. However, it has to be clarified that
the adverse effects of using devices such as HMDs in immersive VR experiences are very
limited, and some researchers [63] indicate that, in fact, they can be deemed insignificant.
More specifically, Appel et al. [63], who tested the emotional responses and comfort levels
in connection to the use of HMDs, conclude that being exposed to immersive VR using an
HMD is a feasible, safe approach to providing beneficial experiences to older adults with
mobility, sensory, and/or cognitive impairments. Participants tolerated the VR hardware,
were able to physically explore the virtual environments through head/body movements,
and did not report any adverse side effects.

Finally, another study [69] bridges the topics elaborated in this sub-section, as it
addresses XR design considerations in relation to filmmaking techniques employed in
the creation of VR-based cinematic narrations to increase effectiveness and avoid adverse
effects such as sensory overload.

4.7. The Relationship Between Cultural Heritage and Education: Learning Through XR
Applications for and with Older Adults

Primarily, as the subtitle of this section suggests, while a number of surveyed publica-
tions aim at fostering learning about cultural heritage with emphasis on older users of XR
applications, there is also a focus on cases that foreground the older adults as contributors,
producers, and disseminators of knowledge either in the form of personal narratives re-
garding their lived experience (e.g., Dryjanska [13], Dibeltulo et al. [11]) or as interpreters
of heritage-related knowledge (e.g., Dawson et al. [21]). This duality of the older adults as
learners/producers or interpreters of knowledge, to a certain extent, reflects the analogous
reconceptualization of museums or heritage sites as spaces where visitors (online or on-
site) are not passive receivers of information but active negotiators and co-constructors of
meanings and knowledge under a more inclusive and empowering educational paradigm.
While much can be said about the new museology model [70], which is inextricably linked
to the new visitor-centered educational paradigm, it is important to focus briefly on the
educational value of narrations within a cultural heritage context. As Bedford [71] notes,
“Storytelling is an ideal strategy for realizing the ‘constructivist museum’, an environment
where visitors of all ages and backgrounds are encouraged to create their own meaning
and find the place, the intersection between the familiar and the unknown, where genuine
learning occurs (Hein 1998) [72]”. Indeed, the active participation of the public in the inter-
pretation of the exhibits is nowadays a key goal of CH sites (be they physical or virtual).
Hooper-Greenhill [73] proposes that museums and CH sites should recognize the visitor as
a co-creator of the meaning of objects and visual culture, placing greater emphasis on the
participatory and interactive nature of the heritage-related experience. It is essential to inte-
grate the voice of visitors (or, for the same matter, users of pertinent applications) into the
functioning of museums/heritage-related sites or digital platforms and to foster a two-way
communication in which multiple voices and narratives are heard [74]. While some of the
referenced authors primarily address actual heritage sites, the same principles regarding
the relation between education and cultural heritage apply to learning experiences through
digital means, as inclusiveness, acknowledgment of a multitude of voices, and sharing of
agency are seen as imperative, irrespective of the technological means involved. In this
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context, the study by Hansen and Zipsane [75] examines the potential of older populations
as museums adapt to the digital era by taking into consideration ethical and practical
implications for educational engagement and commercial viability. By presenting the case
of the Jamtli Museum, an open-air museum in Sweden, the study captures the varied
preferences and interests of senior visitors from educational activities to initiatives aimed
at social inclusion. A notable aspect of this research is its elaboration on the agency given
to older people as contributors to the very contents of the specific museum’s exhibitions,
which relied on their experience heavily as it exhibits the lifestyle of an era (e.g., the early
1970s lived by its older visitors).

These principles are reflected in most of the surveyed publications, mainly in those
that comprise the first group addressing older adults as contributors (see Table 1), as well
as those belonging to the second (see Table 2) and the fifth category (Table 5) addressing
ways to foster engagement with cultural heritage experiences for older adults.

The introduction of digital technologies in museums/cultural sites has proven to be
crucial in supporting learning, with numerous studies confirming this finding; however,
some issues that need attention are also highlighted by them. Pavlović [76] notes that the
results of her extensive literature review show a clear connection between the development
of new digital technologies and the learning process, especially in museums. The survey by
Pavlović [76], which maps research aiming to support learning in relation to culture, cites
Ismaeel and Al-Abdullatif (2016, p. 38) [77], who conclude that virtual museums can play
an important role in the future of education, especially when it comes to content related to
culture and tradition. The researchers emphasize, nevertheless, that the creation of virtual
museums with the aim of enhancing learning requires interdisciplinary approaches, in
which educators should play a central role in the design process of these applications.

Pavlović [76] (p. 174) also refers to the conclusions of a literature review in the same
field, written by Daniela [78], which also analyzed virtual museum visits from a learning
perspective. In this research [78], a total of 36 virtual museum applications were examined,
with interesting conclusions. First, it was confirmed that virtual museums can contribute
substantially to the development of the learning process in museums, offering a new
dimension to museum education. However, the results of this study also suggest that “the
strength of virtual museums is in information architecture, but less attention is paid to
the educational value of the material, which points to the need to change the principles of
virtual museum design and emphasizes the role of teachers in using virtual museums as
learning agents” [78].

These findings highlight, firstly, the need for inclusive interdisciplinary approaches
in designing digital culture-related resources such as virtual environments, most notably
with the participation of educationalists, and secondly, the importance of focusing on
the educational aspect, with emphasis on their ability to encourage active learning and
engagement, rather than treating such digital resources as repositories of information.
These insights are shared by the majority of the papers surveyed in this article, primarily
those that address ways of enhancing the engagement of older users through culture (see
Tables 2 and 7), as well as those that aim to adapt the design of such applications to the
profile(s) of senior adults (see Tables 5 and 10). A systematic review by Dordio et al. [18]
concludes that emerging technologies are making a significant impact in the field of ed-
ucation, particularly in the dissemination of cultural heritage. One of the advantages of
these technological tools is their polyvalence and versatility, as they can be adapted to dif-
ferent educational contexts, to different population groups, and to various types of cultural
heritage. The findings of the present literature review corroborate these conclusions.
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4.8. User Profiles and Individual Characteristics of the Elderly Who Engage with Digital Heritage

It would do no service to any study on a demographic such as older adults to assume
that they comprise a homogenous part of the population with similar tendencies across
the globe. On the matter of heterogeneity with regard to digital media use among older
adults, Taipale et al. [79] refer to the work by Bagchi et al. [80], who studied the effect of
national cultural characteristics on the adoption of ICTs at the turn of the 21st century. Their
results show that technology acceptance is at a higher level in individualistic countries
(e.g., Finland and Canada) as opposed to countries with more collective cultures (such as
Mexico, Spain, or Uruguay). Understandably, older people tend to use more traditional
media (e.g., books, newspapers, or TVs) in comparison with younger generations that
rely more on digital technologies, so there are (as the previous sentence illustrates) several
factors that should be taken into consideration to better understand the relationship of
older people with new media apart from their age. This would help shed light on other
differentiating characteristics amongst them, which, in turn, influence their degree of XR
application. Schroeder et al. [81], through a systematic review, map out the salient factors
that influence older adults’ intention to use digital technologies. Their mapping review
found that older adults’ intention to use technology was driven by six different categories:
Demographics and Health Status; Emotional Awareness and Needs; Knowledge, Compe-
tence, and Perception; Motivation; Social Influencers; and Actual Technology Features. The
model proposed in this survey underscores the multiple factors that affect older adults’
motivation to use new technologies, in turn highlighting the fact that older adults should
be perceived as a homogenous population if their relationship with digital tools is to be
better understood. In their model, educational background is essential and relates to demo-
graphics and knowledge factors. As already noted, education levels can greatly influence
the way a CH-related application is experienced, given the example of users mentioned
by Lai et al. [27], who did not enjoy some educational material, as opposed to other older
adults with higher education backgrounds, who did not report negative feelings. Although
this example might not be strictly related to digital media as such (demanding material
can be frustrating irrespective of the medium employed), however, adaptability to the user
profile is a distinguishing feature of new, interactive technologies that, in such cases, could
be taken advantage of by designing customized experiences tailored to users’ profiles.

5. Conclusions
By conducting a literature review, this document has highlighted several key findings

regarding the engagement of older populations with digital cultural heritage applications.
Firstly, it highlights the significant role and potential of immersive technologies such as
VR and AR in enhancing the CH experience for older adults. Our research suggests that
the incorporation of these technologies can address physical and cognitive limitations,
providing a more inclusive and engaging experience. The findings indicate that older
adults are receptive to these technologies, especially when designed with their specific
needs in mind. The results of our study have also revealed that older adults can play
an active role not just as consumers but also as contributors to cultural heritage content.
This participatory approach not only enriches the cultural heritage content with authentic
narratives but also promotes a sense of belonging and engagement among older adults.

Apart from the main task of mapping the landscape of research in the specific field,
this study aspires to contribute to the ongoing discussion by foregrounding some key
findings and suggestions that transpire from this systematic literature review. This reflects
the scope of the last (but not least) category of publications that elaborates on optimal
ways of adapting VR/AR applications to older people’s needs and profiles. As mentioned
in the main text, the five categories used to organize the 24 papers surveyed are not
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watertight or mutually exclusive. The overarching theme is how XR technologies can
foster the engagement of the elderly with culture in ways that benefit them emotionally
and cognitively. In this context, the importance of empowering older individuals to
weave their contributions (e.g., narratives) into the fabric of (digital) cultural heritage is
paramount. The input of older individuals should be perceived as an invaluable element
that benefits both senior users emotionally, cognitively, and socially, as well as the quality of
the digital resources that include their contributions. This approach that perceives the older
adults as both beneficiaries and potential benefactors could informally be described as a
win–win situation. Some interesting and insightful findings from this survey include the
understanding that older users should not be perceived as needy people for which watered-
down versions of CH resources or experiences should be designed and provided; on the
contrary, some specific considerations on issues of physical comfort, sensory overload,
and possible cybersickness should be taken into consideration. Nevertheless, older users
are fully capable of enjoying immersive VR experiences and can be disappointed when
confronted with applications whose content is not mentally challenging or sophisticated.
A necessary precondition for such mutual enrichment and enhancement through the
inclusion of older users’ perspectives and experiences is that the applications should
be aptly designed to match the elderly’s needs, and for the same purpose, to enable
them to offer their stories and views in interactive ways. Moreover, the focus is often on
ensuring that CH-related XR experiences can be friendly and accessible for older adults.
However, there is a danger of underestimating older users’ expectations in relation to
new technologies as a way to share, engage with, interpret, and relay cultural heritage.
Older users can engage with digital CH resources from a position of strength, given their
experience, rather than weakness, due to physical or health issues and limitations.

Furthermore, as Dickinson et al. [82] note, older adults have greater digital literacy
than ever before, and the process of developing inclusive technologies for use must also
consider general stigmatizing stereotypes that portray older adults as incapable of adapting
to advancements. Moreover, XR can foster wellbeing for older people with physical or
even cognitive decline [82], given that even such problems cannot stand in the way of
enjoying or sharing narratives and savoring experiences. Conversely, XR can enhance
perceived mobility and connect the elderly with other users, such as family members, using
onsite digital applications, e.g., in a museum, as they enjoy a similar and shared experience,
thereby fostering social interaction [30]. There is also another promising aspect—that of
intergenerational interaction, which is often a pivotal element of CH applications and
encourages communication and sharing of cultural knowledge [15], something that is
mutually beneficial for both young and older users who interact in the context of such
digital platforms.

Finally, the review identified studies that contain design considerations and guidelines
for developing digital cultural heritage applications targeted at older audiences. These
include the need for user-friendly interfaces, adaptive technologies that are tailored to
various cognitive styles, and the integration of sensory affordances to enhance engagement
and immersion. As a concluding remark, while the field of XR apps for engaging older
audiences with CH appears narrow, the way to move forward in the quest to facilitate
inclusive access to culture necessitates a comprehensive and interdisciplinary approach
that spans across the categories listed in this article and beyond.
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