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Cultural odyssey in the metaverse: investigating
the impact of virtual technologies on tourist reuse
behavior and social sustainability
Chunyu Jiang1, Seuk Wai Phoong1✉ & Sedigheh Moghavvemi1

This study investigates the impact of advanced digital technologies, particularly virtual reality

(VR), on the sustainability of cultural heritage tourism, focusing on user reuse behavior. Amid

the challenges posed by the COVID-19 pandemic, traditional tourism has gravitated toward

immersive technologies to enhance economic, social, and environmental sustainability. Uti-

lizing the Stimulus-Organism-Response (S-O-R) model, this research examines how exis-

tential authenticity and immersion influence cultural attachment, satisfaction, and

subsequently, intent to reuse and social sustainability. The methodology employs the Partial

Least Squares Structural Equation Modeling (PLS-SEM) to analyze user data. The results

indicated that while existential authenticity significantly affects cultural attachment and

satisfaction, immersion does not directly impact satisfaction, contradicting previous research.

Cultural attachment emerges as a pivotal variable, influencing satisfaction, intention to reuse,

and social sustainability, underscoring its critical role in enhancing user experiences in virtual

exhibitions. The study recommends that VR experiences be designed to evoke existential

authenticity to improve cultural attachment and user satisfaction, which are essential for

advancing social sustainability. This research contributes empirical evidence to the role of

immersive technologies in fostering social sustainability within cultural heritage tourism and

offers practical insights for stakeholders in the sector.
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Introduction

Advanced digital technologies accelerate business develop-
ment (Ardolino et al. 2018). Suh and Prophet (2018)
reported that immersive technologies, such as virtual

reality (VR) and augmented reality (AR), have become increas-
ingly important for innovative marketing strategies across various
sectors, and the utilization of innovative technologies in the
tourism industry is seen as a natural step towards seeking
breakthroughs (Fan et al. 2022). The usage of immersive tech-
nologies in tourism are regarded as a practical approach for
sustainable development (Buhalis et al. 2023), and tourism cor-
porations actively participate in constructing digital development
to promote tourism competitiveness and performance due to the
recession in the last several years caused by COVID-19 (Lu et al.
2022), with the express intentions of improving destination rev-
enue by virtual tourism (Manchanda and Deb 2021), indicating
improved economic sustainability (Jiang and Phoong 2023). It
was also found that an increasing number of travelers are con-
cerned about the potential benefits of immersive tourism pro-
ducts, which can eliminate environmental damage caused by on-
site tourism and maintain sustainability. Talwar et al. (2022)
pointed out that virtual tourism is a unique experience that can
stimulate tourists’ actual behavior for better satisfaction and is an
active opportunity for environmental sustainability (Scurati et al.
2021). In the COVID-19 era defined by traveling restrictions,
virtual tourism can be a viable alternative for fulfilling economic,
social, and environmental sustainability (El-Said and Aziz 2021).
Zhang et al. (2022) reported that museums using virtual tech-
nologies received positive emotional feedback from tourists dur-
ing COVID-19. Some museums are utilizing AR to promote
cultural information and enhancing experience marketing (Zhu
and Wang 2022). Additionally, from the perspective of customer
behavior research, immersive technologies can increase visitor
perception (Han et al. 2019), strengthen the sense of authenticity
(Atzeni et al. 2022a), and promote the satisfaction of the
experience (Trunfio et al. 2018; Trunfio et al. 2022), alongside
promoting social sustainability. One of the advantages of cultural
heritage tourism is that it improves understanding and appre-
ciation of culture, offering people social welfare, which is one of
the criteria for social sustainability (Vallance et al. 2011).
Researchers seek to enhance tourists’ satisfaction with sustainable
practices using new technologies (Talwar et al. 2022). Although
there is some research on the relationship between immersive
technologies and environmental and economic sustainability, the
lack of concern for social sustainability makes it necessary to
explore the function of the promotion of immersive technologies
for social sustainability in a cultural heritage context (Jiang and
Phoong 2023).

It is important to define authenticity within the context of
cultural heritage tourism due to the applied theoretical dimen-
sions in this research. Authenticity is a complex construct with
multiple dimensions, encompassing objective, constructive, and
existential authenticity. Objective authenticity relates to the
representation’s factual accuracy and historical correctness, while
constructive authenticity centers on interpreting and presenting a
site or experience to create a sense of genuineness. As a trigger,
existential authenticity focuses on visitors’ subjective emotional
responses and personal feelings (Gao et al. 2022).

This research prioritizes existential authenticity due to its
relevance to emotional engagement and the personal connection
crucial for fostering cultural attachment, a key element of social
sustainability within cultural heritage tourism (Brown 2013;
Rickly-Boyd 2013). Unlike objective or constructive authenticity,
existential authenticity does not depend solely on factual accuracy
or curated presentations but on individual visitor experiences and
the extent to which these experiences evoke meaningful emotions

and a sense of connection to the heritage. This feeling of
authenticity is critical for promoting cultural attachment and
social sustainability.

Immersion is another critical variable in this study. Often
viewed as a subjective experience (Pine and Gilmore 2011),
immersion represents the degree to which users feel engaged in a
virtual environment. This engagement extends beyond visual
immersion to sensory, emotional, and cognitive involvement
(Hansen and Mossberg 2013). Within virtual cultural heritage
tourism, immersion significantly influences user experiences and
their link to the heritage (Chang and Chiang 2022). Higher levels
of immersion foster stronger emotions and deeper engagement,
molding user attitudes, perceptions, and behaviors.

By focusing on existential authenticity and immersion, this
study offers a comprehensive approach to investigating the
influence of technology-mediated experiences on visitor behavior
in cultural heritage tourism. This study examines the effects of
these constructs on cultural attachment and satisfaction, both
critical determinants of positive user engagement and social
sustainability within the tourism sector.

It has been reported that the existing digital communication
tool, WeChat applets in China, offer tourists an integrated
experience with immersive technology, such as Cloud Tour the
Palace and Cloud Tour Dunhuang applications developed by the
Palace Museum and the Dunhuang Academy (Li and Xiao 2021;
Song 2023). Moreover, in the study of antecedents as well as
processes of virtual cultural heritage tourism experience, apart
from the widely researched interactivity, immersion, and presence
as important influencing factors (Blumenthal and Gjerald 2022),
authenticity (Çiftçi and Çizel 2024), and cultural attachment
(Genc and Gulertekin Genc 2023) are considered important
variables affecting tourists’ experiential satisfaction and behavior.
In the context of immersive applications, the relationship between
these factors seems subtly altered compared to the everyday vir-
tual viewing context. While there has been extensive research on
the effects of virtual reality (VR) and augmented reality (AR) on
consumer perception processes (Wei 2019), few studies have
explored the role of authenticity, immersion, and cultural
attachment in the experience of cultural heritage-related
immersion applications. Thus, this study addresses its objectives
in the context of the above by proposing the following three
research questions:

RQ (1). What is the impact of stimuli (existential authenti-
city and immersion) on organisms (cultural attachment and
satisfaction)?

RQ (2). What is the relationship between organism (cultural
attachment, satisfaction), and response (intention to reuse and
social sustainability)?

RQ (3). What is the social sustainability impact of the
intention to reuse immersive technology used in applets?

This study aims to close the abovementioned research gaps and
address the research questions by investigating the impact of
stimuli for experiencing immersive virtual application use on the
organism based on the SOR model, thus influencing the final
behavioral outcomes. Also, this article focuses on the impacts of
immersive applications for cultural heritage on social sustain-
ability and aims to provide theoretical and empirical guidance to
stakeholders of cultural heritage tourism interested in improving
cultural heritage sustainability.

Literature review and hypotheses development
Immersive application in the tourism industry. Immersive
technology is present across various sectors, mainly businesses
(Liberatore and Wagner 2021), marketing (Adachi et al. 2020;
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Alcañiz et al. 2019; Alfaro et al. 2019; Buhalis et al. 2023), edu-
cation (Klippel et al. 2019; Liu et al. 2020), and medicine (Ahuja
et al. 2023; Pears et al. 2020). The literature summarizes how
immersive technologies are used in tourism (Beck et al. 2019;
Ercan 2020; Fan et al. 2022; Hincapie et al. 2023; Loureiro et al.
2020; Pratisto et al. 2022; Wei 2019). Previous research stipulates
that immersive technologies, such as virtual reality (VR), aug-
mented reality (AR), and mixed reality (MR)—are considered key
components of advanced technologies (Handa et al. 2012). Car-
migniani et al. (2011) stated that AR uses information technology
to add images or audio elements to the existing world, while Perry
Hobson and Williams (1995) implied that VR creates an envir-
onment that makes people think they are actually in it. Immersive
technologies became a component of tourism research, with the
studies evolving from exploring the perception process of its user
experience to marketing (Yung et al. 2021), education (Shen et al.
2022), cultural heritage conservation (Trunfio et al. 2022), and
sustainability (Talwar et al. 2022). The impact of VR and AR
applications has been widely covered in previous studies (Pratisto
et al. 2022). Fan et al. (2022) analyzed the drivers of immersive
technology usage, showing that despite the popularity of
immersive technology, it does not offer enough of an experience
to be a natural alternative to tourism, due to the various levels of
acceptance and engagement by the people involved. Furthermore,
the utilization of immersive technology in the tourism industry
can have a double-edged effect; overly immersive experiences may
generate unrealistic expectations, potentially resulting in heigh-
tened disappointment during actual visits (Collin-Lachaud and
Passebois 2008; Prandi et al. 2023).

Previous studies focused more on the usage acceptance by
tourists, such as ease of use, usefulness, and commercial practices
(El-Said and Aziz 2021). Bogicevic et al. (2019) indicated that
empirical studies of virtual tourism are limited; therefore, studies
are now gradually paying attention to the continued willingness
to use (Cheng and Huang 2022; Kim et al. 2023), intention to re-
use (Anand et al. 2022; Daassi and Debbabi 2021), immersive
process (Blumenthal and Gjerald 2022), and various other factors
that influence the perception process (Trunfio et al. 2022).

Immersive technology and museum tourism: social sustain-
ability. Immersive technologies are frequently used in practice
and the development of tourism research. Previous research
hotspots have been digital construction and tourism development
(Zsarnoczky 2018), however, the irreversible damage to the
tourism industry caused by COVID-19 (Kwok and Koh 2021)
represents a breakthrough for virtual technology, given the need
for sustainable development in the tourism industry (Lu et al.
2022). Previous research has not shown that immersive tech-
nology in the tourism industry is a net positive, while current
research shows that the impact of the appropriate use of
immersive technology is mostly positive vis-à-vis sustainability
(Scurati et al. 2021; Yang et al. 2022).

Sustainable tourism combines economic, environmental, and
social aspects (Higgins-Desbiolles 2018). Go and Kang (2023)
believed that sustainable progress in tourism cannot be realized
without the development of immersive technologies. Choi and
Kim (2021) present VR exhibitions as a new way of being
stimulated during COVID-19, relieving the pressure on museums
to be sustainable. Moreover, virtual tourism applications have
value for future sustainable development of the tourism industry
when overcoming challenges (Putra et al. 2021). Loach et al.
(2017) pointed out that museums’ digital development signifi-
cantly contributes to social and cultural sustainability. Social
sustainability generally includes social equity and participation,
cultural preservation, and social well-being (Vallance et al. 2011).

Caciora et al. (2021) regarded that using VR in heritage can
effectively raise awareness of conservation among visitors from a
social perspective.

The International Council of Museums (ICOM) defines a
museum as a permanent non-profit institution serving society by
researching, collecting, conserving, interpreting, and displaying
tangible and intangible heritage (Tatlı et al. 2023). Therefore,
museums, as public infrastructures integrating the functions of
cultural heritage, leisure and entertainment, and social services,
are closely linked to SDGs, and are one of the most important
organizations to promote sustainable development (McGhie
2020). As museums are historical and cultural carriers, as
educational and cultural institutions, they play an increasingly
important role in defining the connotation of sustainable
development and promoting social sustainable development
(Pop et al. 2019). Reflecting on how museums can better fulfill
their social service functions in the current environment needs to
be emphasized. Cultural heritage exhibitions embodied in
museums are committed to social sustainable development to
inherit and develop distinguished cultures, raising awareness of
cultural preservation, and enabling more visitors to be educated
and actively participate in the dissemination of cultures, as well as
to be able to receive equalized social benefits and gain a sense of
well-being from them (Ahmed et al. 2020; Hansson and Öhman
2022).

Previous studies explored the impacts of the direct and/or
indirect relationship between VR and environmental sustain-
ability (Su et al. 2024). However, more empirical evidence is
required for studies exploring the relationship between the use of
virtual technologies in museums and social sustainability. There-
fore, this study broadens the scope of the research from tourism
experiences to social sustainability to investigate the topic of more
comprehensive immersive technologies in tourism research.

Stimulus-Organism-Response (S-O-R) model. Before exploring
the Stimulus-Organism-Response (S-O-R) model, it is important
to contextualize this study within a broader context of theoretical
frameworks that help explain user behavior in immersive envir-
onments. Various models, such as the Technology Acceptance
Model (TAM) and the Unified Theory of Acceptance and Use of
Technology (UTAUT), have historically informed our under-
standing of technology acceptance and usage. However, the S-O-
R model is especially relevant to this research, as it effectively
captures the intricate psychological processes within immersive
virtual experiences. This model is suitable for examining the
nuanced complexities of cultural heritage tourism, allowing for a
deeper exploration of how various stimuli influence user
experiences.

The Stimulus-Organism-Response (S-O-R) model, which
originated in the domain of environmental psychology, postulates
that diverse elements of the external environment function as
stimuli (S), which subsequently influence the behavioral
responses (R) of individuals by affecting their internal states
(O) (Mehrabian and Russell 1974). Generally, the stimulus (S)
represents the external environmental stimuli encountered by an
individual at a particular time that tends to induce internal
mental processes known as organisms (O), thereby triggering a
behavioral response (R), which is an explanation as a sequential
mechanism and also the process by which the behavior occurs
(Jacoby 2002).

The SOR model provides a suitable basis for our conceptua-
lization in this study. First, the literature shows that the theory
has been used in different domains to explain the behavioral
processes of users (Asyraff et al. 2023; Chin et al. 2023). The SOR
model is often employed as a theoretical foundation in
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explorations of virtual tourism behavior (Kim et al. 2020). Talwar
et al. (2022) explained the factors motivating consumers to visit
VR-presented destinations based on the SOR. Li et al. (2024)
demonstrated that the interactivity of the VR travel e-commerce
platform’s display stimulates interactive pleasure, positively
influencing impulse purchase intentions based on SOR. Second,
Talwar et al. (2022) argued that due to the complexity of
consumers’ psychological processes and the flexibility of the SOR
model, different perspectives can be approached to detect
psychological complications and the ability to be flexibly
extended in different contexts to present a broader dimension
of what is being studied.

This study identified the stimulus (S) as existential authen-
ticity based on the literature, which is a state of being rather
than objective reality, primarily stimulating the emergence of
emotions, sensations, and perceptual relationships (Brown
2013; Rickly-Boyd 2013). Although existential authenticity
involves subjective internal feelings, it can be seen as an
external stimulus when framed through the lens of how cultural
representations are presented in VR. For instance, a VR
experience that accurately recreates historical or cultural sites
or authentically portrays cultural narratives serves as a stimulus
that evokes emotional responses in users. Also, immersion is a
significant factor that promotes psychological changes in further
VR experiences, serving as the stimulus (S) in this study (Park
et al. 2022). Immersion is a significant external stimulus,
transforming how users perceive and interact with VR
environments. Second, in terms of the organism (O), cultural
attachment is considered a standard emotional link that tourists
have with culture, which is easily stimulated by external factors
and serves as an intermediary variable affecting behavior. Cheng
and Chen (2022) posited that cultural attachment can effectively
bridge decision-making. This study reiterates the role of user
satisfaction as the organism (O) (Chen et al. 2022; Zhu et al.
2020). Finally, in terms of the conceptualization of response (R),
the intention to reuse is a typical tourist behavior (Yu et al.
2024), reflecting the outcomes of this study. In order to address
one of the research questions on the impact of VR technology
on social sustainability, this study conceptualizes social
sustainability as an outcome of tourists’ cognition, consistent
with previous research, where the assessment of sustainability
stems from the internal states triggered by attitudes towards the
use of VR tourism (Phaosathianphan and Leelasantitham 2021;
Talwar et al. 2022). Since VR is positioned as a more sustainable
form of tourism, tourists’ evaluation of its sustainability has
been validated (Helgadóttir et al. 2019; López et al. 2018;
O’Connor and Assaker 2022).

By synthesizing insights from the literature, the following
research hypotheses emerge from the S-O-R framework,
emphasizing the sequential relationships among the constructs
of existential authenticity, immersion, cultural attachment,
satisfaction, intention to reuse, and social sustainability:

● H1a: Existential authenticity has a positive effect on
immersion.

● H1b: Existential authenticity has a positive effect on
satisfaction.

● H1c: Existential authenticity has a positive effect on
cultural attachment.

● H2a: Immersion has a positive effect on cultural
attachment.

● H2b: Immersion has a positive effect on satisfaction.
● H3a: Cultural attachment has a positive effect on

satisfaction.
● H3b: Cultural attachment has a positive effect on intention

to reuse.
● H3c: Cultural attachment has a positive effect on social

sustainability.
● H4a: Satisfaction has a positive effect on intention to reuse.
● H4b: Satisfaction has a positive effect on social

sustainability.
● H5: Intention to reuse has a positive impact on social

sustainability.

The research hypotheses proposed in this study are explained
using the SOR model, exploring the impact of existential
authenticity and immersion on cultural attachment and satisfac-
tion via sequential mechanisms, and subsequently assessing the
impact on the intention to reuse and social sustainability. It can
be seen that the arguments connecting these relationships lack
sufficient depth; therefore, detailed explanations, supported by
relevant literature or theoretical frameworks, would enhance the
credibility and clarity of the proposed hypotheses. The research
model of this study is shown in Fig. 1.

Existential authenticity and immersion. Authenticity is defined
as “the enjoyment and perception of the authenticity of the
experience by tourists, and is divided into existential, con-
structive, and objective authenticity” (Wang 1999). Authenticity
can be considered a factor in virtual domains (Peng and Ke 2015).
Existential authenticity refers to individuals’ sense of genuineness
when engaging with experiences that resonate deeply with their
values, beliefs, and identity, and in the context of cultural heritage
tourism, it relates to how well an experience reflects the authentic

Fig. 1 Proposed research framework.
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essence of a culture (Kim and Lee 2022). It can also refer to the
subjective feelings and existential state of the tourists’ experience
(Steiner and Reisinger 2006; Gao et al. 2022). Generally, in a
virtual environment, the higher the fidelity of VR technology, the
stronger the sense of authenticity it produces in tourists (Li et al.
2024), making it easier for tourists to immerse themselves in
virtual scenes (Dağ et al. 2023). Although there are studies on
authenticity and immersion, the impact of existential authenticity
on immersion is scarce (Mou et al. 2024). The literature reported
a positive relationship between perceived authenticity and satis-
faction (Park et al. 2019). Nam et al. (2022) indicated that
authenticity in the context of VR heritage tourism positively
impacts satisfaction; however, more research is required to assess
the influence of existential authenticity on satisfaction in virtual
cultural heritage tourism. Atzeni et al. (2022) reported that
existential authenticity positively affects tourists’ cognitive and
emotional responses. A positive relationship exists between
existential authenticity and attachment to VR destinations (Arya
et al. 2019; Kim and Lee 2022). However, more evidence is
required to demonstrate how existential authenticity in VR affects
cultural attachment in heritage tourism. Therefore, this study
proposes the following hypotheses:

H1a: Existential authenticity has a positive effect on
immersion.

H1b: Existential authenticity has a positive effect on
satisfaction.

H1c: Existential authenticity has a positive effect on cultural
attachment.

Immersion is considered a subjective experience when placed
in real or virtual environments (Pine and Gilmore 2011). It is
defined as a sense of spatial and temporal belonging that deeply
integrates into the present (Hansen and Mossberg 2013). In the
literature, the concept of immersion can be an objective
description of the system’s immersion properties and a subjective
perception of immersion by the user (Visch et al. 2010).
Therefore, as a typical characteristic of VR environments,
immersion is often referred to in VR tourism research as the
user’s perception of an immersive experience in a VR environ-
ment (Bafadhal and Hendrawan 2019).

In the entertainment context, immersion has been extensively
studied and identified as a core feature that stimulates the
respondents to feel embodied in virtual worlds and return to
engage with the content (Haywood and Cairns 2005). Several
studies focused on how VR is experienced at different stages of
tourism, with an emphasis on the role of presence (Tom Dieck
et al. 2024), immersion (Cadet and Chainay 2020), and
interaction (Yang et al. 2023). There has also been a growing
number of recent studies exploring the relationship between VR
and pro-environmental behaviors, suggesting that research on VR
in the tourism industry is gaining traction (Kim et al. 2020). Since
immersion is an important factor in the VR experience, it often
leads to further psychological changes in users using VR (Hudson
et al. 2019; Mou et al. 2024).

Features such as 360-degree views, interactive elements, and
realistic audio-visual feedback are aspects of the VR technology
that create this immersive experience (Park et al. 2022). For
example, attachment is the intimate connection and psychological
feeling of tourists towards something or a place; the enhanced
immersion of virtual tourism technology also helps tourists’
participation in cultural heritage and even attachment to heritage
destinations (Chang and Chiang 2022).

Moreover, in cultural heritage tourism, the manifestation of
tourists’ cultural attachment represents the emotional connection
from a cultural perspective. However, previous work has not
analyzed the impact of immersion on cultural attachment in the
VR environment. Also, previous research has shown that

promoting immersion in the virtual world can significantly
enhance tourists’ satisfaction (Melo et al. 2022), illustrating the
importance of immersion in virtual tourism experiences (Kyrlit-
sias et al. 2020). However, empirical data about using VR
technology in cultural heritage tourism is scarce. Therefore, this
study proposes the following hypotheses:

H2a: Immersion has a positive effect on cultural attachment.
H2b: Immersion has a positive effect on satisfaction.

Cultural attachment and satisfaction. Cultural attachment is
similar to the classic concept of attachment. It is considered to be
the individual’s ability to receive supportive responses from their
culture when needed, and to build confidence to explore new cul-
tural environments, thereby developing cultural attachment (Hong
et al. 2013). Cultural attachment represents a unique type of
attachment, which captures explicitly the emotional connection
between the individual and their cultural group (Liu et al. 2023).
Routh and Burgoyne (1998) believed that cultural attachment can be
a pride in national, cultural, and historical symbols, such as the
national flag, language, historical origins, and currency. In the
context of cultural heritage, the cultural pride and emotional con-
nection generated towards heritage can be considered a form of
cultural attachment. The literature indicated that attachment is one
of the important factors in predicting tourist satisfaction (Xu Ning-
Ning et al. 2022), and attachment to cultural communities sig-
nificantly impacts the intention to revisit (Lee et al. 2014; Zhou and
Pu 2022). Cultural attachment has an important impact on
responsible environmental behavior, thereby enhancing sustainable
tourism (Cheng and Chen 2022), and cultural participation and
satisfaction are indicators of social sustainability (Buonincontri et al.
2017), while cultural attachment reflects inner participation and
emotional connection to culture. In the context of cultural heritage
tourism, whether or not the cultural attachment of tourists experi-
encing cultural heritage through VR technology impacts satisfaction,
re-use intentions, and social sustainability requires further explora-
tion. Therefore, this study proposes the following hypotheses:

H3a: Cultural attachment has a positive effect on satisfaction.
H3b: Cultural attachment has a positive effect on intention

to reuse.
H3c: Cultural attachment has a positive effect on social

sustainability.
Tourist satisfaction is the post-consumption evaluation of

consumers after obtaining a particular product or service
(Gundersen et al. 1996). Generally, Rust and Oliver (1993)
believed that whether a person believes a product or service
provides good utility depends on satisfaction; thus, satisfaction is
regarded as a subjective feeling and experience to detect user
behavior (Cole and Illum 2006). Moreover, innovative applica-
tions can increase client satisfaction, leading to higher reuse (Kim
et al. 2020). Previous research has identified satisfaction as a
substantial contributor to continuous intention (Han and Yang
2018) or continuance behaviors (Tom Dieck et al. 2024). Utilizing
virtual technology in museums improves visitor experience and
satisfaction, which in turn enhances the use of technology (Alam
et al. 2024; Trunfio et al. 2022). Also, previous research confirmed
a positive relationship between sustainability and satisfaction
(Marín-García et al. 2022), and satisfaction can be regarded as
one of the important assessment factors for college students’
social sustainability (Bikar Singh et al. 2022). Moreover, life
satisfaction supports sustainable tourism development (Eslami
et al. 2019). Tourist satisfaction with VR tourism implies the
development of social sustainability (Akhtar et al. 2021; Talwar
et al. 2022), as VR tourism is increasingly recognized as a means
to support sustainability (El-Said and Aziz 2021). Therefore, this
study proposes the following hypothesis:
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H4a: Satisfaction has a positive effect on intention to reuse.
H4b: Satisfaction has a positive effect on social sustainability.

Intention to re-use and social sustainability. Previous research
confirmed that adopting virtual technology in tourism is used for
various purposes and helps promote sustainable tourism devel-
opment (Lu et al. 2022). There is an essential connection that
using smart tourism technologies positively impacts sustainability
(Phaosathianphan and Leelasantitham 2021). From a marketing
perspective, virtual environment visits may be a potential tool for
sustainable development (Go and Kang 2023). However, most
research on the relationship between the use of VR technology
and sustainability focuses on environmental sustainability, lack-
ing more testing and empirical confirmation of social sustain-
ability (Woosnam and Ribeiro 2023). Therefore, the following
hypothesis is proposed in this study:

H5: Intention to reuse has a positive impact on social
sustainability.

Methodology
The Cloud Tour Dunhuang applet was selected for this research,
as its supporting institution is the Dunhuang Academy, a well-
known first-class museum in China, containing world-class cul-
tural heritage destinations such as the Mogao Grottoes. This
selection was made due to its visibility, information exposure, and
cultural attractiveness advantages.

Background of study. The Mogao grottoes in Dunhuang, China,
are the crystallization of ancient civilization exchanges, possessing
rich historical, artistic, technological, and social values. The
Dunhuang Academy, in conjunction with China’s People’s Daily
New Media and Tencent, launched the first WeChat app with a
rich Dunhuang grotto art appreciation experience in 2020, called
“Cloud Tour Dunhuang”. The applet uses virtual digital tech-
nology to reproduce the contents of the Dunhuang grottoes vir-
tually and even integrates functions such as ticket reservation and
traditional culture courses. Users can enter the virtual repro-
duction of the grottoes through the platform to understand the
content of the mural paintings and learn the stories of the mural
paintings, thus contributing to the protection of the cultural relics
of Dunhuang and promoting the sustainable development of
cultural heritage. This study focuses on the VR in-depth online
roaming of Seeking Dunhuang in the cloud tour of Dunhuang,
i.e., the Digital Dunhuang Immersion Exhibition, Cave 285 of
Mogao Grottoes.

Measures. This research seeks to evaluate the user experience of
the Cloud Tour Dunhuang application and its implications
towards enhancing social sustainability within cultural heritage
tourism. A key component of this evaluation lies in measuring
various psychological constructs that influence the user experi-
ence. The variables and indicators included in this study have
been primarily adapted from the literature. However, significant
efforts have been expended to refine these measures per this
research’s specific themes and objectives, ensuring they are rele-
vant and applicable to the unique context of the examined virtual
environment.

The scales were subjected to rigorous scrutiny and adaptation
based on previous works to enhance the robustness and
credibility of the measurements. Each construct was carefully
selected and adapted to reflect the nuances of user interactions
with the Cloud Tour Dunhuang application. This process
highlights the authors’ contribution to the field by providing a
validated framework for understanding the factors contributing

to compelling immersive experiences, paving the way for future
research endeavors.

All measurements were assessed using a five-point Likert scale,
where 1 indicates strong disagreement and 5 indicates strong
agreement with each statement (Table 1). This scale allows for
nuanced responses, facilitating a better understanding of the
varying degrees of user perception and experience. The
questionnaire includes five demographic questions focusing on
age, gender, education, occupation, and income. The demo-
graphic data will provide essential insights into the diversity of
the sample and allow for analysis of how demographic factors
influence the variables being studied.

Sampling and data collection. A survey was conducted from
February to May 2024 for data collection. The target population
consisted of Chinese individuals who possess WeChat but have
not used the “Cloud Tour Dunhuang”. Only respondents unfa-
miliar with the Cloud Tour Dunhuang experience were eligible to
participate to ensure that participants approached the ques-
tionnaire with a fresh perspective. A purposive sampling method
was employed in this study. The quantitative approach was
adopted, with the primary mode of data collection being an
online questionnaire. A total of 409 valid responses were com-
piled for analysis after excluding 12 deemed unusable. Structural
Equation Modeling (PLS-SEM) analysis typically suggests a
sample size of at least 200 respondents for robust results (Hair et
al. 2009). This substantial sample size enhances the reliability of
the statistical analyses conducted in this study.

First, the proposed content and objectives of this research were
introduced on the cover page of the questionnaire to emphasize
the importance of confidentiality. The first question of the
questionnaire distinguished and clarified the objectives of this
study, and asked whether or not the participants had used and
browsed the Cloud Tour Dunhuang’s Seeking Dunhuang Virtual
Reality Online Exhibition, if the answer is yes, then the
participants are asked to stop answering the questionnaire, if
the answer is no, they can continue to the next section, which is a
link to the Cloud Tour Dunhuang. This gives the respondent
enough time to use and experience the Cloud Tour Dunhuang
application before completing the questionnaire. The online
survey is completed immediately, minimizing time bias and
cognitive dissonance (Wattanacharoensil and La-ornual 2019).
The participants were informed of the confidentiality of the
survey, and the data collected was used exclusively for academic
research and analysis. The visit was conducted using low-
immersive VR, where virtual content was displayed on a device
such as a mobile device or laptop (Pleyers and Poncin 2020).
Therefore, the survey requires that respondents be allowed to
experience this application, with no time limitation. However,
based on the survey’s indication, the average time is about 5 min
per person.

The questionnaire was then divided into two parts, the first
being demographic characteristics and the second being 23
indicators consisting of 6 different constructs related to the
structure of the study.

Analysis method. This study employs Structural Equation
Modeling (SEM) to construct and validate a theoretical frame-
work. SEM is a widely used statistical technique that excels at
analyzing complex causal relationships between variables by
combining factor loading analysis with multiple regression
analysis. It is particularly effective for assessing the interactions
of multiple variables, making it ideal for theory construction
and validation (Ringle and Sarstedt 2016). As a PLS-SEM,
SmartPLS simplifies the specification of relationships and
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modeling complexity by making relationships between variables
and indicators explicit through path models (Hair et al. 2017).
This study used SmartPLS version 4.0, and the partial least
squares structural equation modeling was employed. In pre-
vious studies, empirical research on tourism frequently used
PLS-SEM as a data analysis methodology since the technique is
suitable for research programs that validate statistical models
containing direct and indirect interrelationships by assessing
multi-item variables. Therefore, utilizing PLS-SEM analysis is
suitable for this study.

Findings
Respondents’ profile. As shown in Table 2, the gender dis-
tribution of the participants showed that 57.9% are male and
42.1% are female. The age distribution ranged between 18 and
60 years old, with participants in the 26–30 age group dom-
inating at 42%. Regarding educational background, most par-
ticipants had a bachelor’s degree at 71.7%, followed by college at
10.5%. Occupational backgrounds are diverse, encompassing
students, corporate employees, government and agency
employees, self-employed, and retirees, with corporate

employees accounting for the highest percentage at 39.2%.
Monthly incomes are widely distributed, ranging from less than
3000 RMB to more than 15,000 RMB, with 5000–8000 RMB
accounting for 25.4%.

Common method bias. In Partial Least Squares Structural
Equation Modeling (PLS-SEM), assessing common method bias
is an important step in ensuring the validity of the results. The
variance inflation factor (VIF) is commonly used to evaluate
multicollinearity among constructs and indicates common
method bias. While the standard threshold for VIF values is a
maximum of 5 (Hair et al. 2009), more stringent criteria suggest
that VIF values remain below 3.3 to indicate the absence of
common method bias (Hair et al. 2011; Kock 2017).

In this study, VIF values were carefully analyzed to ensure
robustness. As presented in Table 3, all VIF values were below the
critical threshold of 3.3, suggesting that common method bias is
absent in the collected data.

While the use of VIF is a valid approach, it should be pointed
out that other methods, such as Harman’s single-factor test or
Confirmatory Factor Analysis (CFA), are also widely used for

Table 1 Measurements.

Constructs Items Sources

Existential
authenticity
(EA)

EA 1 This VR experience gave me an insight into the history and culture
of cultural heritage.

Tian et al. (2020), Zhang et al. (2021), Li et al.
(2024), Atzeni et al. (2022)

EA 2 This VR experience allowed me to experience the relevant history
and culture.

EA 3 This VR experience strengthened the connection between my
mind and cultural heritage.

EA 4 This VR experience enriched my life experience.
Immersion
(IM)

IM 1 This VR experience made me forget my surroundings. Lunardo and Ponsignon (2020) and Mütterlein
(2018)IM 2 During the VR experience, although I was in another place, my

mind was in the VR world.
IM 3 During the VR experience, I can follow the hints to enter the plot

and content.
IM 4 During the VR experience, I seemed to forget the real world

outside.
Cultural attachment
(CA)

CA 1 In this VR experience, I felt a sense of pride in the culture and
history of this heritage.

Cheng and Chen (2022), Hoang et al. (2020), Liu
et al. (2023)

CA 2 During this VR experience, I felt a strong sense of identification
with the culture of this heritage.

CA 3 This VR experience created a sense of awe and a deep inner
connection to the history and culture of this heritage.

CA 4 In this VR experience, I realized that the culture of this heritage is
irreplaceable.

Satisfaction
(SA)

SA 1 I’m satisfied with this VR experience. Phaosathianphan and Leelasantitham (2021)
SA 2 I’m pleased with this VR experience.
SA 3 This VR experience fulfilled my expectations.
SA 4 I cannot forget this VR experience.

Intention to reuse
(IR)

IR 1 I plan to use this Cloud Tour Dunhuang for VR experiences in the
future.

Schiopu et al. (2022)

IR 2 I’ll access the Cloud Tour Dunhuang again when I want to
experience something new.

IR 3 I plan to use Cloud Tour Dunhuang more often for VR
experiences.

Social sustainability
(SSU)

SSU 1 I think adopting the VR experience of the Cloud Tour Dunhuang
increases awareness of cultural and heritage protection.

Marín-García et al. (2022), Phaosathianphan and
Leelasantitham (2021), Scott and Frew (2014)

SSU 2 I think the VR experience with the Cloud Tour Dunhuang
increases user participation and allows more people to experience
the charm of cultural heritage.

SSU 3 I think I have learned a lot about local culture and art because of
the VR experience of the Cloud Tour Dunhuang.

SSU 4 I believe that my VR experience with the Cloud Tour Dunhuang
has given me a sense of cultural identity and fulfillment for the
benefit of the community.
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assessing common method bias. Harman’s single-factor test
evaluates whether a single factor accounts for a substantial
portion of the covariance among the items, while CFA can
provide insights into the fit of the measurement model.

Future research could consider employing these alternative
methods alongside VIF to enhance analytical rigor. However, in
this study, the decision to use VIF was based on its established
applicability in the context of PLS-SEM, and the results indicate
low multicollinearity, effectively supporting the absence of
common method bias.

Measurement model test. In this study, the assessment of com-
mon method bias was initially conducted using outer variance
inflation factor (VIF) values. While outer VIF values can provide
insights into multicollinearity, utilizing inner VIF values from
SMARTPLS for reflective measurement models is recommended.
Inner VIF values assess the relationships between constructs in
the structural model, aligning more appropriately with the
reflective nature of the scales employed. In research, including
outer and inner VIF analyses to comprehensively evaluate com-
mon method bias and multicollinearity would be beneficial.

As shown in Table 3, while outer VIF values were assessed and
all values were within acceptable thresholds, including inner VIF
values strengthens the analysis further and ensures alignment
with recommended practices in PLS-SEM. This dual approach
can enhance the robustness of the model evaluation by
thoroughly examining potential multicollinearity across the
model’s measurement and structural components.

The normality test is an important test for identifying data
distribution. Further analysis can only be performed if it has the
criteria of conformity to normality; generally, the absolute value
of kurtosis is less than 10 and the absolute value of skewness is
less than 3, which implies that there is no serious violation of the
normal distribution (Kline 2019). Table 3 shows that the
requirement of normality is satisfied.

The value of Cronbach’s Alpha is measured to examine the
internal consistency and reliability. According to (Hair et al.
2011), values of less than 0.7 are unacceptable, while values
greater than 0.8 are preferred. The value of Cronbach’s Alpha in
this study ranges from 0.741 to 0.913, indicating that all items are
within the acceptable range. Composite reliability (CR) is used to
detect internal consistency, and the CR of this study is
0.836–0.935, which meets the CR criterion of greater than 0.7;
therefore, this study’s results indicate reliability, per Table 3.

Factor loadings are used to estimate the convergent validity.
Hair et al. (2017) argued that the factor loadings should not be
lower than the recommended minimum of 0.7. The factor
loadings of all items in this study ranged from 0.714 to 0.924,
which were all higher than 0.7, implying that the factor loadings

Table 2 Demographic analysis.

Items Options Sample
(percentage)

Gender Male 237 (57.9%)
Female 172 (42.1%)

Age 18–25 157 (38.4%)
26–30 172 (42%)
31–40 69 (16.9%)
41–60 11 (2.7%)

Education Junior high school and below 3 (0.7%)
High school/Technical
secondary school

5 (1.2%)

Junior college 43 (10.5%)
Undergraduate 293 (71.7%)
Postgraduate and above 65 (15.9%)

Occupation Student 142 (34.7%)
Enterprise employees 160 (39.2%)
Government and institution
employees

68 (16.6%)

Self-employed 30 (7.3%)
Retirement 9 (2.2%)

Monthly income <3000RMB 102 (24.9%)
3000–5000RMB 75 (18.3%)
5000–8000RMB 104 (25.4%)
8000–15,000RMB 98 (24%)
>15,000RMB 30 (7.4%)

Table 3 Factor loading and reliability statistics.

Constructs Items Factor loading VIF
(outer)

VIF
(inner)

AVE Cronbach CR
(rho c)

Skewness Kurtosis

Existential authenticity (EA) EA 1 0.839 3.242 3.251
3.131 3.213

−> CA 1.026
−> IM 1.000
−> SA 1.195

0.743 0.888 0.92 −0.331
−0.337
−0.403
−0.468

−0.234
−0.204
−0.349
−0.399

EA 2 0.808
EA 3 0.907
EA 4 0.891

Immersion (IM) IM 1 0.865 3.196 3.15
3.963 2.313

−> CA 1.026
−> SA 1.050

0.782 0.913 0.935 −0.633
−0.653
−0.641
−0.745

−0.244
−0.129
−0.148
−0.16

IM 2 0.846
IM 3 0.924
IM 4 0.9

Cultural attachment
(CA)

CA 1 0.773 1.599 2.74
2.661 1.396

−> IR 1.258
−> SA 1.212
−> SSU 1.451

0.657 0.825 0.884 −0.253
−0.304
−0.265
−0.505

−0.347
−0.304
−0.209
−0.384

CA 2 0.854
CA 3 0.853
CA 4 0.758

Satisfaction
(SA)

SA 1 0.857 2.166 2.148
2.049 2.053

−> IR 1.258
−> SSU
1.450

0.719 0.869 0.911 −0.215
−0.075
−0.092
−0.14

−0.478
−0.848
−0.614
−0.74

SA 2 0.853
SA 3 0.835
SA 4 0.846

Intention to reuse
(IR)

IR 1 0.908 2.526 2.012
2.112

−> SSU
1.558

0.778 0.857 0.913 −0.645
−0.333
−0.425

0.521
−0.415
−0.631

IR 2 0.867
IR 3 0.871

Social sustainability
(SSU)

SSU 1 0.784 1.405 1.33
1.512 1.458

– 0.562 0.741 0.836 −0.317
−0.203
−0.383
−0.381

−0.732
−0.887
−0.253
−0.07

SSU 2 0.714
SSU 3 0.763
SSU 4 0.734
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of the items were all acceptable. The average variance extracted
(AVE) is another way to explore the convergent validity; if the
AVE value is greater than 0.5, the latent variable has a high
convergent validity. The AVE in this study ranges from 0.562 to
0.782, indicating that the measurement model has good
convergent validity, per Table 3.

To confirm discriminant validity, this study required the
square root of the AVE for each construct to exceed the
corresponding correlation coefficient with the other constructs
(Fornell and Larcker 1981). The Heterotrait-Monotrait Ratio of
Correlations (HTMT) analysis showed excellent discriminant
validity in this study, indicating that each variable was
discriminatory compared to the others. All HTMT values were
below 0.85, which is in line with the required HTMT (<0.85),
indicating good distinctiveness between the constructs (Tables
4 and 5). Thus, the measurement model showed satisfactory
reliability as well as discriminant validity.

Structural model test. After validating and determining the
confidence of the measurement model, the next step involves the
evaluation of the structural model, including examining the
relationships between paths. Among them, R2 is 0–1, reflecting
the model’s explanatory power. Q2 predicts its relevance. When
Q2 > 0, it indicates that the structural model has predictive rele-
vance to the endogenous constructs. When Q2 < 0, it indicates
that the structural model does not have predictive relevance to the
endogenous constructs in Table 6.

According to Table 7, a path coefficient test was conducted on
5000 subsamples; Existential authenticity had a positive effect on
Immersion (β= 0.161, p < 0.01**), Cultural attachment
(β= 0.373, p < 0.001***), and Satisfaction (β= 0.307,
p < 0.001***). Therefore, H1a, H1b and H1c are supported.
Immersion has a positive effect on Cultural attachment
(β= 0.139, p < 0.001***) and is accepted for H2a; however, it is
not supported for H2b, which means there is no positive effect on
Satisfaction (0.069, p= 0.123). Cultural attachment has a
significant effect on Satisfaction (β= 0.318, p < 0.001***), Inten-
tion to reuse (β= 0.352, p < 0.001***), and Social sustainability
(β= 0.325, p < 0.001**). **) has a significant effect, implying that
H3a, H3b, H3c are all supported. Furthermore, Satisfaction has a
positive effect on Intention to reuse (β= 0.351, p < 0.001***) and
Social sustainability (β= 0.272, p < 0.001***), implying that H4a

and H4b are accepted. In addition, the Intention to reuse
(β= 0.189, p < 0.001***) positively affects Social sustainability,
and H5 is accepted.

Discussion and conclusion
Discussion. This discussion evaluates the results and explores
their broader implications for immersive cultural tourism due to
the lack of synthesizing VR tourism technology and social sus-
tainability in contemporary research. This study focuses on the
process of using and experiencing the VR online exhibition of the
Cloud Tour Dunhuang applet and the impact on social sustain-
ability based on the SOR theory and introduces an integrated
model to assess the relationship between the existential authen-
ticity, immersion, cultural attachment, satisfaction, intention to
reuse, and social sustainability. The findings of this study address
the research questions posed, providing empirical evidence within
a previously unexplored context.

First, RO1 was addressed, and the positive effect of existential
authenticity on immersion, cultural attachment, and satisfaction
reveals the importance of the subjective perception of authenticity
within the user in virtual exhibition design. Users’ perception of
the authenticity of VR content during the experience can facilitate
a deeper immersion experience while enhancing cultural attach-
ment and satisfaction. Past research has demonstrated the
important value of existential authenticity in cultural heritage
tourism (Uslu et al. 2023), and this study emphasizes the
important role of existential authenticity in cultural heritage VR
scenarios, which is significant for cultural education and
transmission, suggesting that subjective perceptions of authenti-
city and the state of being of the user in virtual environments can
be effective in stimulating users’ emotions and identification.

The positive impact of immersion, a core component of user
experience, on cultural attachment reveals how the depth of user

Table 4 Heterotrait–Monotrait (HTMT).

CA EA IM IR SA SSU

CA
EA 0.443
IM 0.205 0.149
IR 0.603 0.426 0.326
SA 0.53 0.491 0.179 0.59
SSU 0.681 0.392 0.217 0.616 0.635

Table 5 Fornell–Larcker criterion.

CA EA IM IR SA SSU

CA 0.81
EA 0.395 0.862
IM 0.199 0.161 0.884
IR 0.51 0.385 0.304 0.882
SA 0.453 0.444 0.182 0.51 0.848
SSU 0.545 0.338 0.198 0.494 0.516 0.749

The bold values on the diagonal of the Fornell–Larcker table represent the square roots of the
AVE (average variance extracted) for each construct.

Table 6 Assessment of the structural model.

SSO SSE R2 Q2

EA 1636.000 1611.346 0.323 0.015
IM 1636.000 516.255 0.026 0.018
CA 1636.000 1458.488 0.175 0.109
SA 1636.000 1393.379 0.21 0.148
IR 1227.000 887.785 0.358 0.276
IM 1636.000 1607.092 0.465 0.323
SSU 1636.000 1271.635 0.411 0.223

Table 7 Path coefficient estimates.

Path
coefficients

T
statistics

P values Results

H1a EA −> IM 0.161 3.205 0.001** Accepted
H1b EA −> CA 0.373 6.886 0.000*** Accepted
H1c EA −> SA 0.307 6.122 0.000*** Accepted
H2a IM −> CA 0.139 2.99 0.003** Accepted
H2b IM −> SA 0.069 1.543 0.123 Rejected
H3a CA −> SA 0.318 6.458 0.000*** Accepted
H3b CA −> IR 0.352 7.341 0.000*** Accepted
H3c CA −>

SSU
0.325 6.812 0.000*** Accepted

H4a SA −> IR 0.351 7.262 0.000*** Accepted
H4b SA −> SSU 0.272 5.58 0.000*** Accepted
H5 IR −> SSU 0.189 3.77 0.000*** Accepted

***p-value < 0.001; **p-value < 0.01; *p-value < 0.05
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experience in virtual environments promotes identification with
and attachment to cultural values. This effect suggests that when
users experience a high level of immersion in a VR exhibition,
they are more likely to become emotionally connected to the
cultural content on display, thereby deepening their under-
standing and appreciation of cultural heritage. However, it should
be pointed out that, contrary to most research, immersion
appeared to have a non-significant effect on satisfaction in the
current study. Although most findings proved a positive impact
between immersion and satisfaction, findings stipulate that a low-
immersion VR experience alone may not be sufficient to ensure
overall user satisfaction (Bujic and Hamari 2020; Omlor et al.
2022). This may be related to users’ expectations of other factors
such as technology, content quality, and interaction design,
because in the current technological environment, users have
become accustomed to the high-quality immersive experience
provided by advanced VR, and their expectations are relatively
high. Low-immersion technology has limited interactive elements
and cannot evoke a high-immersion emotional experience,
making users feel that it lacks details, so it is unlikely to be
satisfactory. This is particularly relevant considering that the
current study utilized low-immersion virtual technology; it
suggests that higher levels of immersion, as experienced with
VR headsets, may lead to greater satisfaction in virtual
environments (McLean and Barhorst 2022). Therefore, designers
of virtual exhibitions for mobile devices need to consider several
factors to provide a holistic, high-quality experience to satisfy
users who expect more and more from the rapidly updating state-
of-the-art.

Second, RO2 was answered by the effect of cultural attachment
on satisfaction, re-use intention, and social sustainability, further
emphasizing the central role of cultural factors in the virtual
exhibition experience. Users’ emotional attachment to cultural
content enhances their satisfaction and stimulates their intention
to reuse the virtual exhibition at Cloud Tour Dunhuang, which
may positively impact the promotion of social sustainability. This
suggests that promoting and transmitting culture through virtual
exhibitions and the significant positive impact of cultural
attachment on environmentally responsible behaviors (Cheng
and Chen 2022) may also effectively promote social value
sustainability in the context of cultural heritage.

The effect of satisfaction on reuse intentions and social
sustainability further confirms user satisfaction’s critical role in
forming behavioral intentions. High satisfaction levels enhance
users’ reuse intentions (Alam et al. 2024; Trunfio et al. 2022),
which is crucial for the long-term success of virtual exhibitions.
Simultaneously, this increase in satisfaction is also consistent with
the goal of social sustainability, suggesting that enhancing social
well-being and people’s happiness through increased user
satisfaction implies realizing social sustainability.

Finally, RO3 was empirically illustrated by the significant
positive impact of reuse intention on social sustainability, with
impacts suggesting that continued user engagement has the
potential to contribute to the achievement of social sustainability
goals (Akhtar et al. 2021; Talwar et al. 2022), reflecting the fact
that the virtual exhibition of the Cloud Tour Dunhuang’s
intention to reuse contributes in enhancing social well-being,
preserving and transmitting culture, education and knowledge
dissemination, and shaping social and cultural identity.

Theoretical implications. This study empirically investigates the
VR online exhibition experience of the Cloud Tour Dunhuang
applet by extending the SOR (Stimulus-Organism-Response)
model, significantly enhancing its applicability in diverse con-
texts. The findings validated the positive impacts of existential

authenticity, immersion, and cultural attachment on user satis-
faction and reuse intentions. It was also revealed how these fac-
tors indirectly contribute to social sustainability, thereby
addressing a notable gap in the literature on VR tourism tech-
nology and its implications for social sustainability.

First, this research emphasizes the importance of subjective
experiences of realism in fostering immersion and cultural
attachment within the design of virtual exhibitions. By high-
lighting the nuanced relationship between the perceived realism
of VR experiences and users’ cognitive and emotional responses,
this research provides new perspectives on how digital presenta-
tions of cultural heritage can be optimized (Atzeni et al. 2022).
These insights underscore the need for designers and stakeholders
in the cultural heritage sector to prioritize user engagement
through realistic representations that resonate with visitors’
expectations and cultural values.

The findings confirm the positive relationship between
immersion and cultural attachment, corroborating previous
research that indicates immersive experiences can deepen users’
identification with cultural values (Chang and Chiang 2022).
Although it was observed that immersion did not have a
statistically significant effect on overall user satisfaction in this
study, this finding highlights the complexity of user experiences
in VR contexts. It suggests future research needs to explore a
wider array of influencing factors. Variables such as the degree of
immersion, the quality and relevance of content, and the esthetic
and interactive aspects of design should be systematically studied
to comprehensively understand user satisfaction in immersive
environments.

The significant effects of cultural attachment on satisfaction,
intentions to reuse, and social sustainability further underscore
the central role that cultural factors play in shaping virtual
exhibition experiences. This empirical evidence highlights the
importance of fostering cultural connections through VR
experiences, which can support the sustainability of cultural
heritage and reinforce social values. By integrating cultural
narratives and promoting cultural education through immersive
technologies, practitioners can enhance cultural heritage’s
relevance, facilitating enjoyment and a deeper understanding of
social contexts and histories.

Finally, the findings reveal a compelling relationship between
the intention to reuse these immersive experiences and social
sustainability, suggesting that sustained user engagement can
promote significant social outcomes. This connection provides a
theoretical basis for initiatives that leverage VR technologies for
socially responsible goals, encompassing cultural preservation,
education, and knowledge dissemination. By engaging users
repeatedly with cultural content through immersive experiences,
stakeholders can contribute to the perpetuation of social well-
being, foster cultural understanding, and shape social and cultural
identities in a rapidly changing digital landscape.

Practical implications. The results of this study elicit several
managerial perspectives that provide valuable insights for cultural
heritage managers and destination marketers attempting to utilize
advanced technologies to improve the effectiveness of heritage
marketing and promotion. First, by revealing the positive impact
of presence authenticity on immersion, cultural attachment, and
satisfaction, this study emphasizes the importance of valuing
users’ subjective perceptions of authenticity in virtual exhibit
design. This provides managers and VR designers with strategies
to enhance user satisfaction by increasing the authenticity of the
user experience. In particular, the positive impact of immersion
on cultural attachment implies that VR designers should focus on
the realistic reproduction of VR scenes of cultural heritage to

ARTICLE HUMANITIES AND SOCIAL SCIENCES COMMUNICATIONS | https://doi.org/10.1057/s41599-025-05132-z

10 HUMANITIES AND SOCIAL SCIENCES COMMUNICATIONS |          (2025) 12:866 | https://doi.org/10.1057/s41599-025-05132-z



enhance the immersive effect, for example, the more exquisite the
production and the more delicate and realistic the performance,
the more it can inspire users to identify with and take pride in
their culture.

Second, this study points out the non-significant effect of
immersion on satisfaction and emphasizes that when designing a
VR experience, managers should consider factors such as VR
equipment, content, and interaction design at various levels of
immersion, in addition to immersion itself. Nowadays, in the era
of rapid technological development, users seem unsatisfied with
the immersive experience of low-immersion VR equipment. The
results help managers optimize the allocation of resources and
understand the attitude of users to use, highlight the problem and
targeted correction, such as to strengthen the development and
promotion of investment in the medium, full immersion VR
technology, and provide a higher quality of the overall experience.

In addition, the impact of cultural attachment on satisfaction,
reuse intentions, and social sustainability emphasizes the
centrality of cultural elements in cultural heritage virtual
exhibitions. Managers can utilize these findings to develop more
culturally engaging content that enhances users’ emotional
attachment and reuse intentions, such as increasing the inter-
activity of cultural quizzes or incorporating gameplay rewards
and collection mechanisms, thereby advancing social
sustainability goals.

Finally, the impact of intention to reuse on social sustainability
suggests that continued user participation is critical to social well-
being and cultural heritage, and directly illustrates the critical
contribution of VR technology use to social sustainability in the
context of cultural heritage. This provides a series of insights for
managers that incentivizing sustained user engagement contri-
butes to disseminating cultural education, awareness of cultural
preservation, and increased participation. In this context, heritage
site managers should work with VR designers and producers,
policy makers, destination marketers, and tour operators to
develop promotional and marketing strategies contributing to
tourism sustainability.

Limitations and future research directions
Along with theoretical contributions and managerial implica-
tions, this study faced some limitations. First, from a conceptual
perspective, this study only focused on existential authenticity;
other authenticities (objective authenticity and constructed
authenticity) were excluded, and perceived value could be added
to explore its mediating role. Second, future research can increase
the diversity of the study population, such as exploring foreign
users or increasing the proportion of middle-aged and elderly
respondents. It can focus on teenagers using VR for learning to
explore its educational role. Moreover, the two applets, Cloud
Tour Dunhuang and Cloud Tour Palace, can be explored for a
comparative study. Since this study targets online VR exhibitions,
offline VR equipment can also be used to study the full-
immersive experience and a comparative study between online
and offline. In order to enhance the integration of both VR and
gaming, research can be done specifically to explore cultural
heritage-related gaming experiences through MDA (mechanics-
dynamics-esthetics), as well as through the Octalysis framework
to explore the core drivers of gaming. Finally, apart from social
sustainability, future research could explore the role of VR
technologies on sustainability in three dimensions: environ-
mental, economic, and social.
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