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Abstract

This study is grounded in the global agenda of achieving the Sustainable Development
Goals (SDGs), emphasizing the critical role of historic cultural heritage buildings in foster-
ing cultural continuity and long-term engagement. Centered on the living conservation
of architectural heritage, the research explores how immersive and embodied interactions
shape visitor loyalty. Structural equation modeling (SEM) demonstrates that environmental
restoration and flow experience significantly mediate the relationship between embodied
experience and loyalty, while cultural identity further strengthens these pathways. To
complement the explanatory analysis, deep learning methods were employed, with the
multilayer perceptron (MLP) outperforming the gated recurrent unit (GRU) in terms of
predictive accuracy. SHAP analysis revealed that technological mediation and physical
interaction are the strongest predictors of loyalty, followed by sensory immersion. By
integrating explanatory and predictive perspectives, the study refines the embodied ex-
perience framework and offers both theoretical insights and practical guidance for the
design and conservation of historic cultural heritage buildings. Ultimately, the findings
highlight that embodied experience-driven living heritage conservation not only sustains
cultural identity but also makes a meaningful contribution to the realization of global
sustainable development.

Keywords: historic cultural buildings; living heritage conservation; embodied experience;
visitor loyalty; structural equation modeling; deep learning

1. Introduction

Historic cultural heritage buildings are not only vital carriers of cultural memory but
also serve as spaces for cultural identity and the transmission of social values, playing
an indispensable role in advancing global sustainable development [1]. In recent years,
the concept of international heritage protection has shifted significantly toward “living
heritage protection”, which emphasizes the continuity of heritage in contemporary life,
promotes community participation, and supports dynamic inheritance while increasingly
incorporating urban policy, community co-governance, adaptive reuse, and resilience con-
siderations [2,3]. At the experiential level, research indicates that embodied and immersive
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experiences enhance cultural understanding and emotional connections, thereby improving
communication and educational outcomes [4,5]. In China, cultural and tourism demand
has shown sustained growth. In 2024, domestic trips reached 5.615 billion, a year-on-year
increase of 14.8%, while related expenditure rose to 5.75 trillion yuan, up 17.1% [6]. This
upward trend reflects not only the quantitative expansion of tourism but also the rising
demand for cultural experiences and diversified forms of leisure. The annual report of
the China Tourism Academy, under the Ministry of Culture and Tourism of China, high-
lights that the trend of massification and quality improvement requires heritage buildings
to respond to new demands through higher-quality experience design [6]. At the same
time, domestic and international research on embodied cognition, contextualized narrative,
and social co-creation has expanded to scenarios such as heritage sites, museums, and
nature walks, thereby offering experience-oriented theoretical support for living heritage
protection [7-9].

Despite the deepening of relevant research, there are still shortcomings at the theo-
retical, methodological, and practical levels. First, at the theoretical level, a large number
of studies still focus on cognitive or emotional pathways and pay insufficient attention to
the integration of embodied experience system design. However, recent evidence suggests
that there are systematic links between embodied and immersive experiences and cultural
identity, flow experiences, and aesthetic emotions, and there is an urgent need to form a
unified concept and measurement model in the context of heritage [7-9]. Second, at the
methodological level, SEM remains the mainstream tool for mechanism testing, but its
predictive power is limited when dealing with high-dimensional and nonlinear data. At
the same time, machine learning and deep learning are rapidly growing in applications
such as tourism prediction, behavior recognition, and field visitor flow analysis, showing
potential for predicting loyalty, revisit intention, and recommendation intention. However,
the coupling of SEM (explanation) and DL (prediction) in heritage tourism scenarios re-
mains underexplored [10-12]. Finally, at the practical level, there is still a lack of replicable
empirical pathways for integrating embodied experiences into heritage space creation, inter-
pretation, and community participation and transforming them into measurable outcomes
of satisfaction, identification, and loyalty [2,6].

Based on the above shortcomings, this study systematically explores how embodied
experience system design affects visitor loyalty in the context of the living protection of
historic cultural heritage buildings and achieves dual innovation in theory and method-
ology. On the one hand, we construct and verify the mechanism model of “embodied
experience—restorative perception/flow/cultural identity—loyalty” through structural
equation modeling (SEM). On the other hand, we introduce deep learning methods to
improve the accuracy and reliability of visitor loyalty predictions, thereby compensating
for the limitations of traditional statistical models [13-15]. Ultimately, this study aims
to provide empirical support and practical pathways for the living protection of historic
cultural heritage buildings, promoting the optimization of tourist experiences and the
sustainable development of cultural heritage. Therefore, this study seeks to answer the
following core research questions:

(1) What are the core dimensions of embodied experience system design in historic
cultural heritage buildings?

(2) How does embodied experience system design influence visitor loyalty through mediat-
ing mechanisms such as restorative perception, flow experience, and cultural identity?

(3) How can structural equation modeling (SEM) be used to construct and verify a model
of the mechanism of embodied experience system design on visitor loyalty?

(4) How can deep learning methods be employed to predict visitor loyalty and identify
the key indicators of embodied experience?
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2. Literature Review
2.1. Embodied Experience

Embodied experience refers to the integration of multisensory, physical, spatial, social,
cultural, and technological elements to create deep, participatory experiences in heritage
buildings [16]. In the context of living heritage conservation, this approach emphasizes
interaction, immersion, and co-creation rather than static observation, promoting cultural
continuity, community participation, and sustainable engagement [17-19]. Embodied
experience provides both cognitive and affective foundations that shape visitor satisfaction,
emotional connection, and loyalty [20,21].

To operationalize embodied experience, this study adopts a six-dimensional frame-
work: sensory immersion, physical interaction, spatial embodiment, situational engage-
ment and social interaction, cultural cognition and emotional connection, and tech-
nological mediation. Each dimension contributes uniquely to visitor experience and
loyalty outcomes.

e  Sensory Immersion refers to the use of multimodal cues—visual, auditory, tactile, ol-
factory, and gustatory—to enhance presence, attention, and memory, thereby strength-
ening emotional engagement [22,23].

e  Physical Interaction captures direct bodily engagement with heritage objects or in-
stallations, transforming visitors from passive observers to active participants, which
enhances control, efficacy, and emotional value [24].

e  Spatial Embodiment emphasizes coherent spatial narratives and environmental or-
ganization, enabling visitors to experience a sense of place, historical continuity, and
emotional flow [25].

e  Situational Engagement and Social Interaction highlights co-creation through interac-
tions with guides, community members, or other visitors, fostering belonging, cultural
co-production, and willingness to recommend [20].

e  Cultural Cognition and Emotional Connection reflects visitors’” understanding of
heritage meaning, identity recognition, and emotional attachment, linking individual
experiences to collective memory and loyalty behaviors [26].

e  Technological Mediation involves the use of VR/AR, digital twins, or interactive
systems to enhance accessibility, immersion, and comprehension without replacing
the authenticity of heritage [27].

These six dimensions converge into a second-order construct, “embodied experience
system design”, which forms the basis for mechanism testing through SEM and predictive
modeling using deep learning.

2.2. Visitors” Loyalty

Visitor loyalty is a structural determinant of sustainability in heritage-building tourism.
Repeat visitation and predictable revenue streams underwrite conservation, maintenance,
and interpretation, while word-of-mouth diffusion enlarges engaged publics at lower
marginal cost [28]. Loyal visitors also demonstrate stewardship—greater compliance
with protection norms, participation in cultural practices, and advocacy for preservation—
thereby consolidating the social and economic foundations for long-term, intergenerational
heritage transmission [29].

The construct of visitors’ loyalty is closely intertwined with the framework of embod-
ied experience, in which embodied experience dimensions serve as antecedents that shape
loyalty outcomes. Embodied experience—operationalized through sensory immersion,
physical interaction, spatial embodiment, situational engagement, cultural cognition, and
technological mediation—provides the experiential foundation that drives emotional reso-
nance, meaning-making, and behavioral commitment. When visitors engage in embodied
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and multi-sensory interactions, they develop deeper cognitive-affective connections to
heritage buildings, thereby reinforcing revisit and recommendation intentions. For in-
stance, sensory and spatial immersion enhance perceptual richness and a sense of place,
while social interaction and cultural cognition strengthen identity recognition and value
commitment. These processes collectively transform transient experiences into enduring
attachments, which manifest in loyal behaviors [20,21]. Thus, embodied experience func-
tions as a critical explanatory mechanism, linking experiential variables (independent) to
loyalty outcomes (dependent), and offering a robust theoretical and empirical foundation
for examining how experience quality translates into sustainable tourist loyalty.

The framework of embodied experience system design highlights the role of sensory
immersion, physical interaction, spatial embodiment, situational engagement, cultural
cognition, and technological mediation in shaping visitor experiences. These dimensions
foster cognitive-affective bonds with heritage buildings, enabling meaning-making and
identity construction that extend beyond temporary visits [23]. For example, sensory
and spatial immersion enhance perceptual richness and a sense of place, while cultural
cognition and social interaction strengthen cultural identity and attachment [20,26]. Such
processes transform short-term enjoyment into long-term commitment, thereby reinforcing
both revisit intentions and positive word-of-mouth recommendations. This indicates that
embodied experience serves as a critical mechanism that links experiential quality to loyalty
outcomes in heritage contexts.

Hy: Embodied experience positively influences visitors” loyalty.

2.3. The Mediating Role of Environmental Restoration Perception

Environmental restoration perception refers to the subjective experience of psycho-
logical restoration and attention restoration that visitors obtain through interaction with
natural and cultural environments during their visit [30]. Research indicates that the natural
landscapes and built environments of heritage buildings can provide visitors with positive
effects such as stress reduction, cognitive restoration, emotional repair, and improved
mental health [31]). In cultural heritage tourism, visitors achieve attention restoration
through elements such as “sense of distance”, “attractiveness”, “degree”, and “fit”, thereby
enhancing satisfaction and revisit intention [32]. Additionally, emotional connections play
a significant role in enhancing visitor satisfaction and recommendation intentions [33].

Within the framework of embodied experience, environmental recovery perception
is not only a perceptual response at the environmental level, but also a product of the
combined effects of multisensory participation, spatial narrative, and cultural interaction.
Embodied experience guides visitors into a state of psychological recovery and deep en-
gagement through immersive interaction between the body and space [34]. This type of
embodied experience based on environmental restoration can strengthen visitors’ positive
emotional experiences, thereby enhancing overall satisfaction [35]. Therefore, environmen-
tal restoration perception plays a mediating role in the process of embodied experience,
influencing visitor loyalty.

H,: Environmental restoration perception mediates the relationship between embodied experience
and visitor loyalty.

2.4. The Mediating Role of Flow Experience

Flow experience refers to the psychological state of high concentration, immersion,
and pleasure exhibited by individuals during specific activities [36]. Its prerequisites
include clear goals, immediate feedback, and a balance between skill and challenge; its
characteristics include the fusion of behavior and consciousness, focus on the present
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moment, and a sense of control; and its outcomes include the dissolution of self-awareness
and an altered sense of time [37]. In the context of cultural heritage tourism, visitors gain
flow experiences through historical and cultural environments, thereby triggering positive
emotions and deep cultural connections [38].

Embodied experience system design provides tourists with the conditions for entering
a flow experience through multi-dimensional sensory stimulation and interactive envi-
ronments. For example, historical narrative spaces and immersive cultural scenes can
enhance visitors’ focus and desire to explore, enabling them to achieve deep immersion
on both the sensory and cognitive levels. In addition, empirical research has shown that
in cultural and creative tourism, embodied participation significantly enhances visitors’
cognitive and emotional responses and further stimulates memorable experiences [39].
Flow experiences not only enhance visitors’ enjoyment and satisfaction, but also further
promote their loyalty behaviors, including their willingness to revisit and recommend the
destination. Therefore, flow experiences play a mediating role in the impact of embodied
experience on visitor loyalty.

Hj: Flow experiences mediate the relationship between embodied experience and visitor loyalty.

2.5. The Moderating Role of Cultural Identity

Cultural identity refers to an individual’s sense of belonging and value recognition
toward a specific cultural group, reflecting the emotional connection and meaning con-
struction between the individual and the culture [40]. In tourism research, cultural identity
not only influences tourists” acceptance and understanding of destination culture but also
shapes their psychological experiences and behavioral responses during the tourism pro-
cess [41]. Existing research has shown that cultural identity can enhance tourists’ positive
emotional responses and cultural value perceptions, thereby improving the overall qual-
ity of experience and satisfaction [42]. Therefore, cultural identity is considered a key
psychological mechanism in heritage tourism experiences.

In embodied experience system design, cultural identity plays a regulatory role by
strengthening tourists’ meaningful resonance in spatial narratives, interactive practices, and
cultural connections. Research shows that when visitors have a higher sense of identity with
the destination culture, they are more likely to enter a state of deep engagement through
immersive experiences, resulting in stronger satisfaction and loyalty [43]. In particular, in
the multisensory and interactive design of heritage buildings, cultural identity can amplify
the positive effects of environmental restoration and flow experiences [44]. For example,
in immersive heritage exhibitions, visitors with high cultural identity are more likely to
transform their experiences into positive emotions and cultural value perceptions, thereby
strengthening their willingness to revisit and recommend the destination [45]. Therefore,
cultural identity not only enhances the psychological recovery and immersion effects of
embodied experience on visitors but also further consolidates the path to loyalty formation.

Hy: Cultural identity plays a moderating role in the effect of embodied experience on visitor loyalty.

For clarity in empirical testing, the overall hypotheses (H2, H3, H4) are further speci-
fied into sub-hypotheses (e.g., H2a/H2b, H3a/H3b, H4a/H4b) to capture the distinct medi-
ating and moderating pathways illustrated in Figure 1. In summary, embodied experience—
comprising six dimensions: sensory immersion, physical interaction, spatial embodiment,
situational engagement, cultural cognition, and technological mediation—provides a com-
prehensive framework for understanding visitor outcomes in heritage buildings. Prior
studies suggest that embodied experiences foster loyalty through cognitive-affective en-
gagement, with environmental restoration and flow experience as potential mediators,
and cultural identity as a moderator. Building on these insights, this study proposes an
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integrative model linking embodied experience to visitor loyalty, complemented by deep
learning methods to enhance prediction and identify key experience indicators. The con-
ceptual framework and hypothesized relationships are shown in Figure 1, providing the
foundation for empirical testing.

Environmental Restoration Perception

(Mediator )

Cultural Identity
(Moderator )
HZa
Embodied Experience System Design H, Visitors’ Loyalty
(Independent Variable) (Dependent Variable)
H,, Ha,
Flow Experience
(Mediator )

Figure 1. The model for this study.

3. Materials and Methods
3.1. Study Area

This study selects Yingzhou West Lake in Fuyang, Anhui Province, China, as the
research site. Known as the “second West Lake” after Hangzhou, it integrates historic archi-
tecture, cultural heritage, natural landscapes, and urban park functions, making it a typical
case of living heritage preservation. The site preserves a rich collection of traditional pavil-
ions, temples, arch bridges, and garden structures, which embody the region’s architectural
aesthetics and cultural symbolism. From the perspective of embodied experience system
design, these built forms provide sensory immersion through the reflection of pavilions on
water and seasonal scenery, and offer opportunities for physical interaction via boating,
strolling, and engagement with traditional crafts. Its spatial layout of bridges, islands,
and architectural nodes enhances spatial embodiment, while festivals, performances, and
community activities promote situational engagement and social interaction. Furthermore,
the site carries profound historical narratives and literary traditions, anchored in its archi-
tectural heritage, which foster cultural cognition and emotional connection among visitors.
In recent years, the introduction of digital exhibitions and smart guidance systems has
provided new modes of technological mediation, enriching accessibility and interpretive
depth. These characteristics not only highlight Yingzhou West Lake’s significance as a
cultural landscape but also underscore the research value of its historic architecture as a
medium for understanding how embodied experience dimensions shape visitor loyalty in
living heritage contexts.

3.2. Research Method

This chapter presents the research design and methodology employed to examine
how embodied experience influences visitor loyalty in historic cultural heritage buildings.
Innovative aspects of this study include the integration of six-dimensional embodied
experience measurement with mediating variables (environmental restoration perception
and flow experience) and a moderating variable (cultural identity), the combination of
explanatory SEM with predictive deep learning models (MLP and GRU) to enable both
causal inference and predictive analysis, and the operationalization of a multi-dimensional,
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context-specific measurement framework that goes beyond traditional single-dimension
approaches in heritage tourism research. These design choices distinguish this study from
prior research and provide a robust methodological basis for investigating the translation
of embodied experiences into visitor loyalty.

3.2.1. Questionnaire Design

The research instrument was developed based on the conceptual framework of embod-
ied experience system design, encompassing six first-order dimensions: sensory immersion,
physical interaction, spatial embodiment, situational engagement, cultural cognition, and
technological mediation (see Table 1). In addition, mediating variables (environmental
restoration perception and flow experience), a moderating variable (cultural identity), and
the outcome variable (visitor loyalty) were incorporated. Measurement items were adapted
from validated scales in tourism, environmental psychology, and heritage studies, with
modifications to fit the specific context of Yingzhou West Lake. The literature cited in this
chapter serves to justify the selection and adaptation of items, ensuring their relevance
and validity for the study context rather than providing a comprehensive review of prior
research, which is covered in Chapter 2.

Table 1. Embodied Experience Scale.

Elements Items References
1. The landscape and atmosphere of the building provided me with a strong
sense of visual immersion.
Sensory 2. I could vividly perceive the building’s atmosphere through sounds, [23]
Immersion smells, or tactile sensations.
3. Multi-sensory experiences enhanced my memory and understanding of
the building’s uniqueness.
1. I actively participated in activities or interactive elements of the building.
. 2. Physical interaction with building elements gave me a stronger sense
Physical
Interaction of presence. [24,46]
3. My bodily engagement deepened my understanding of the
heritage building.
1. The spatial layout of the building enabled me to clearly understand its
Spatial cultural context.
Embodiment 2. While moving through the building, I experienced coherence between [21])

scenes and narratives.
3. The spatial and environmental design enhanced my sense of place.

Social and Situational
Engagement

1. During my visit, I engaged in meaningful interactions with other visitors
or community members.
2. Participating in cultural or role-playing activities enhanced my sense [20,47]
of involvement.
3. Shared experiences with others fostered a stronger sense of belonging.
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Table 1. Cont.

Elements

Items References

Cultural-Cognitive and
Affective Connection

1. The visit enhanced my understanding of the building’s history and
cultural value.
2. I felt an emotional connection and identification with the heritage culture. [19,26]
3. The experience strengthened my respect for and commitment to this
cultural heritage.

Technological
Mediation

1. Digital or multimedia technologies improved my understanding of the
heritage building.
2. Technology-based interactions increased my level of engagement during
the visit.
3. The use of technology enhanced my immersion and interest in the
heritage building.

[27]

Specifically, the 10-item environmental restoration perception scale was employed to
measure four dimensions: “coherence” (two items), “leaving” (three items), “compatibility”
(two items), and “charisma” (three items) [48,49]. Flow experience was measured using
a 6-item scale that included three dimensions: “clarity of purpose” (two items), “sense of
control” (two items), and “loss of self-awareness” (two items) [50]. Cultural identity was
assessed using a 7-item scale [37], while visitor loyalty was measured with a 2-item scale,
which is revisit intention and willingness to recommend [51].

For the demographic variables, we included number of visits, gender, age, education,
income, and place of residence as control variables, as these factors have previously been
shown to affect visitor loyalty [38]. All measurement items were assessed using a five-
point Likert scale ranging from “strongly disagree” to “strongly agree”. A pilot test
was conducted with 60 visitors at Yingzhou West Lake to refine item clarity and ensure
internal consistency.

3.2.2. Data Collection

The study site is Yingzhou West Lake, a renowned urban heritage park with a rich
historical and cultural background, making it an ideal case for examining embodied
experiences within the context of living heritage. Data were collected in 2024 through
on-site visitor questionnaires, with survey periods covering both peak seasons (summer
and public holidays) and off-peak periods (weekdays, early spring, and late autumn) to
ensure sample diversity. A stratified random sampling strategy was employed to capture
different visitor groups, including tourists, residents, and cultural participants. After data
cleaning and screening, a total of 622 valid questionnaires were retained for analysis, which
is sufficient for conducting Structural Equation Modeling (SEM) and predictive modeling.

Based on the demographic test results, visitor loyalty varies across different groups. In
terms of visiting times, first-time visitors account for 45%, and their loyalty is significantly
higher than that of repeat visitors. Regarding age, the 25-30 age group makes up 35.4%, but
visitors over 50 years old demonstrate higher loyalty levels. Regarding residence, 66.5%
of respondents are residents of Fuyang, whose loyalty is significantly higher than that of
non-local visitors. By contrast, gender (46% male and 54% female) shows no significant
difference. Similarly, education level, with undergraduates comprising 53.4% of the sample,
and income level, with the majority earning RMB 2001-5000 per month, are not significantly
related to loyalty. Overall, visitor loyalty is primarily influenced by visitation frequency, age,
and place of residence, whereas gender, education, and income have no significant effect.
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3.2.3. Data Analysis: Structural Equation Modeling

Data analysis was conducted using Structural Equation Modeling (SEM) with AMOS
28.0. Confirmatory factor analysis (CFA) was employed to assess the reliability and validity
of the constructs, including Cronbach’s alpha, composite reliability (CR), average variance
extracted (AVE), and discriminant validity. Model fit indices (x2/df, RMSEA, CFI, TLI,
SRMR) were evaluated to ensure robustness. Hypothesis testing was performed to examine:
(1) the direct effects of embodied experience system design on visitor loyalty, (2) the
mediating roles of environmental restoration perception and flow experience, and (3) the
moderating effect of cultural identity.

3.2.4. Deep Learning Prediction

To complement the causal mechanism testing conducted through SEM, this study
further applied deep learning methods to evaluate the predictive capacity of embodied
experience system design on visitor loyalty. Only the six embodied experience dimensions—
sensory immersion, physical interaction, spatial embodiment, situational engagement,
cultural cognition, and technological mediation—were included as input features, while
visitor loyalty, operationalized through revisit and recommendation intentions, served as
the output variable. Mediating (environmental restoration perception and flow experience)
and moderating (cultural identity) variables were excluded to avoid post-treatment bias,
ensuring that deep learning was solely used for predictive purposes while SEM remained
the primary tool for mechanism testing.

The predictive models were implemented using Python 3.9 with TensorFlow 2.15 and
Keras 2.15, with supplementary experiments in PyTorch 2.2.0 for robustness verification.
An 80/20 training-testing split and five-fold cross-validation were applied to enhance
generalizability. Model performance was assessed using root mean squared error (RMSE)
and coefficient of determination (R?), while SHAP (SHapley Additive exPlanations) values
were employed to interpret the relative importance of each embodied experience dimension.

The MLP model consisted of three hidden layers with 128, 64, and 32 neurons using
ReLU activation, and a linear output layer for continuous prediction. The model was
optimized with the Adam optimizer (learning rate 0.001) and mean squared error loss. To
prevent overfitting, dropout (rate = 0.2) and early stopping (patience = 20 epochs) were
applied. Hyperparameters, including hidden layer sizes, learning rates, and batch sizes (32,
64, 128), were tuned via grid search. The GRU model was also trained for comparison with
a single recurrent layer of 64 units and similar optimization settings, with its predictive
performance to be discussed in the results section. Both models were trained for up to
200 epochs with a batch size of 64.

Overfitting was monitored by tracking both training and validation losses across
epochs. Overfitting was identified when the validation loss began to increase while the
training loss continued to decrease, and the difference between training and validation
MSE was used as a quantitative indicator. Early stopping and dropout effectively mitigated
excessive overfitting, ensuring stable predictive performance.

4. Results
4.1. Reliability Analysis

As shown in Table 2, all constructs demonstrated good reliability. The Cronbach’s «
values were 0.919 for embodied experience (18 items), 0.942 for environmental restoration
perception (10 items), 0.913 for flow experience (6 items), 0.948 for cultural identity (7 items),
and 0.890 for visitor loyalty (1 item). Since all coefficients exceeded the threshold of 0.70,
the measurement scales can be considered highly reliable and suitable for further analysis.
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Table 2. Reliability analysis.
Dimension Item Count Cronbach «
EE-SI 1-3 1, EE-PI 1-3 2, EE-SE
Embodied Experience 1-33, EE-SESI 1-3 ¢, 0.919
EE-CCEC 1-3°, EE-TM 1-3 ©
Environmental Restoratlon ERP 1-10 0.942
Perception
Flow Experience FE 1-6 0913
Cultural Identity CI1-7 0.948
Visitors” Loyalty VL1,2 0.890

! Embodied Experience-Sensory Immersion (EE-SI), > Embodied Experience-Physical Interaction (EE-PI), * Em-
bodied Experience-Spatial Embodiment (EE-SE), * Embodied Experience-Situational Engagement and Social
Interaction (EE-SESI), > Embodied Experience-Cultural Cognition and Emotional Connection (EE-CCEC), ® Em-
bodied Experience-Technological Mediation (EE-TM).

4.2. Validation Factor Analysis

Confirmatory factor analysis (CFA) results indicate that the model demonstrates an
excellent fit (see Table 3). The CMIN/DF value was 1.319, well within the acceptable
range of 1-3. Other fit indices all exceeded the recommended thresholds: GFI = 0.917,
AGFI = 0.905, NFI = 0.941, IFI = 0.985, TLI = 0.984, and CFI = 0.985. In addition, RMR
(0.023) and RMSEA (0.026) were below the cut-off values of 0.05 and 0.08, respectively.
These results confirm that the measurement model possesses strong construct validity and
is suitable for further hypothesis testing.

Table 3. Results of confirmatory factor analysis.

Model Fit Indicators Statistical Value Standard Value

CMIN/DF 1.319 1-3
RMR 0.023 0.05

GFI 0.917 >=0.9

AGFI 0.905 >=0.9

NFI 0.941 >=0.9

IFI 0.985 >=0.9

TLI 0.984 >=0.9

CFI 0.985 >=0.9

RMSEA 0.026 <=0.08

4.3. Mediating Effects of Environmental Restoration Perception and Flow Experience

The results of the structural equation modeling confirm the hypothesized relationships
(see Table 4). Embodied experience system design exerted a significant positive effect
on visitors” loyalty (3 = 0.333, t = 5.563, p < 0.001), thus supporting H1 and answering
RQ3. Moreover, embodied experience significantly predicted environmental restoration
perception (3 = 0.181, t = 3.641, p < 0.001) and flow experience (3 = 0.256, t = 5.038,
p <0.001).

Both mediators further enhanced loyalty, with environmental restoration perception
(B =0.183, t = 3.269, p = 0.001) supporting H2a-H2b, and flow experience ( = 0.243,
t =4.069, p < 0.001) supporting H3a—H3b. These findings indicate that embodied experience
affects loyalty not only directly but also indirectly through psychological mechanisms,
thereby addressing RQ2. Overall, the model demonstrates that embodied experience
system design enhances loyalty through both direct and mediated pathways.
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Table 4. Mediating Effects of Environmental Restoration Perception and Flow Experience.
Latent Variable Observed Variables Standardization Factor t p
Environmental Restoration g0 gied Experience 0.181 3.641
Perception
Flow Experience <--- Embodied Experience 0.256 5.038 ok
Visitors” Loyalty <--- Embodied Experience 0.333 5.563 ok
.. , Environmental
Visitors” Loyalty <--- Restoration Perception 0.183 3.269 0.001
Visitors” Loyalty <--- Flow Experience 0.243 4.069 il

*** indicates significance at the 0.001 level.

As shown in Table 5, all hypothesized mediation effects were significant. Embod-
ied experience influenced visitors’ loyalty through environmental restoration perception
(EE=-ER—VL, 3 = 0.028, p = 0.003; H2b) and flow experience (EE-FE—VL, (3 = 0.052,
p = 0.001; H3b). It also indirectly affected flow experience via environmental restoration
perception (EE—ER—FE, 3 = 0.030, p = 0.006; H2a). Moreover, environmental restora-
tion perception further shaped visitors” loyalty through flow experience (ER—FE—VL,
3 =0.167, p = 0.001), showing the strongest mediating effect. Together, these results support
H2a, H2b, H3a, and H3b, confirming the key mediating roles of environmental restoration
perception and flow experience.

Table 5. Mediation Path Analysis Results (Bootstrap Test).

Bias-Corrected 95%CI

Mediation Path Efficacy Value
Lower Upper p
EE-ER-VL 0.028 0.01 0.056 0.003
EE-FE-VL 0.052 0.023 0.099 0.001
EE-ER-FE 0.03 0.009 0.065 0.006
ER-FE-VL 0.167 0.091 0.254 0.001

4.4. Moderating Effect of Cultural Identity

The regression results indicate that environmental restoration perception exerts a
significant positive effect on visitors” loyalty (B = 0.608, p < 0.001), while cultural identity
also shows a significant effect (B = 0.157, p < 0.001). More importantly, the interaction
between environmental restoration perception and cultural identity is positively significant
(B =0.075, p = 0.019), suggesting that cultural identity strengthens the relationship between
environmental restoration perception and visitors” loyalty. Cultural identity exerts a posi-
tive moderating effect on the relationship between environmental restoration perception
and visitor loyalty, such that the higher the level of cultural identity, the stronger the
impact of environmental restoration perception on loyalty. (see Table 6 and Figure 2). Thus,
hypothesis H4a is supported.

The regression results indicate that flow experience has a significant positive effect on
visitors’ loyalty (B = 0.447, p < 0.001). Cultural identity also shows a significant positive
effect (B = 0.158, p = 0.005). Crucially, the interaction term between flow experience and
cultural identity is statistically significant (B = 0.207, p = 0.027), demonstrating that cultural
identity positively moderates the relationship between flow experience and visitors’ loyalty.
This suggests that visitors with higher cultural identity are more likely to translate their
flow experience into stronger loyalty. Similarly, cultural identity positively moderates the
relationship between flow experience and visitor loyalty, indicating that higher cultural
identity enhances the extent to which flow experience translates into loyalty. Hence,
hypothesis H4b is supported (see Table 7 and Figure 3).
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Table 6. Moderating Effect of Cultural Identity on Environmental Restoration Perception and Visitors

‘Loyalty.
Model 1
B Standard Error t P B
Constant 3.182 0.025 129.234 0.000 ** -
Environmental Restoration 0.608 0.036 17.026 0.000 ** 0.585
Perception
Cultural Identity 0.157 0.023 6.780 0.000 ** 0.233
Environmental Restoration "
Perception * Cultural Identity 0.075 0.032 2.355 0.019 0.080
R? 0.439
Moderating of R? 0.435
F F (3,482) = 125.489, p = 0.000
* Indicates significance at the 0.05 level; ** indicates significance at the 0.01 level.
8
7
6
Fy
s 5
c
(]
°
— 4
T
E
= 3
O
) Cultural Identify Low
1 Cultural Identify High
0
Low . . High
Environmental restoration perception
Figure 2. The modulation effect diagram between environmental restoration perception and cultural
identity.
Table 7. Moderating Effect of Cultural Identity on Flow Experience and Visitors” Loyalty.
Model 2
B Standard Error t P B
Constant 3.542 0.038 92.953 0.000 ** -
Flow Experience 0.447 0.066 6.753 0.000 ** 0.350
Cultural Identity (fy) 0.158 0.057 2.799 0.005 ** 0.145
1 *
Flow Experience * Cultural 0.207 0.093 2.223 0.027 * 0.113
Identity (fy)
R? 0.178
Moderating of R? 0.171
F F (3,318) = 23.027, p = 0.000

* Indicates significance at the 0.05 level; ** indicates significance at the 0.01 level.

The findings reveal that environmental restoration perception and flow experience
serve as key mediators through which embodied experience influences visitor loyalty.
Moreover, cultural identity significantly moderates both the pathway from environmental
restoration perception to visitor loyalty and the path from flow experience to visitor loy-
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alty. This integrated model highlights the interplay between mediation and moderation,
providing a comprehensive explanation of the underlying mechanisms of visitor loyalty
formation and paving the way for subsequent deep learning analysis.

10

Cultural identity

Cultural Identify Low

Cultural Identify High

Low Flow experience High

Figure 3. The modulation effect diagram between flow experience and cultural identity.

4.5. Results of Deep Learning Prediction

The primary objective of this study is to systematically explore and evaluate the
applicability and effectiveness of deep learning models in predicting the key target variable,
visitor loyalty (VL1, VL2), based on the provided dataset. To achieve this aim, the analysis
was conducted in accordance with the established research design, employing two models—
Multilayer Perceptron (MLP) and Recurrent Neural Network (RNN, implemented as GRU).
A rigorous and structured analytical procedure was adopted to ensure the development of
a predictive framework that is both optimal in performance and robust in its results.

4.5.1. Model Performance Comparison

Table 8 presents the comparative performance of the tuned MLP and GRU models.
The MLP outperforms the GRU, achieving lower RMSE (0.8310) and MAE (0.6472) values.
Although its R? is very low (0.0027), indicating that it explains almost none of the variance
in visitor loyalty, it still slightly outperforms a mean-based prediction, suggesting limited
but detectable nonlinear relationships among the input features.

Table 8. Performance Comparison of Various Models.

Model RMSE R? MAE
MLP_Tuned 0.8310 0.0027 0.6472
GRU_Tuned 1.0488 —0.5999 0.7807

In contrast, the GRU model shows markedly inferior performance, with higher RMSE
(1.0488), MAE (0.7807), and a negative R? (—0.5999), indicating that its predictions are even
less accurate than using the mean value as a baseline. This can be attributed to the cross-
sectional nature of the dataset, which lacks temporal or sequential dependencies necessary
for the recurrent architecture of GRU to capture meaningful patterns. Additionally, the
relatively small sample size and sensitivity to hyperparameter settings further limit GRU’s
generalization capacity.
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Overall, these results indicate that the simpler MLP architecture provides a more
robust and generalizable predictive model for visitor loyalty in this study. The low R? of the
MLP highlights the inherent complexity of predicting loyalty using only the six embodied
experience dimensions, as visitor behavior is also influenced by additional psychological,
cultural, and social factors not captured in the dataset. Nevertheless, the MLP demonstrates
detectable nonlinear relationships and offers a foundation for identifying key predictive
features through feature importance analyses in subsequent sections.

4.5.2. Model Training and Convergence Performance

Figures 4 and 5 illustrate the training loss curves of the tuned MLP and GRU models,
respectively. Both models exhibit desirable convergence characteristics, with training and
validation losses decreasing rapidly and stabilizing as the number of epochs increases. No-
tably, the validation loss closely follows the training loss and eventually settles at a relatively
low level, indicating the absence of overfitting and confirming that the models successfully
captured the underlying patterns in the data. The stable and efficient training process
provides a solid foundation for reliable predictive performance in subsequent analyses.

GRU (RNN) (Tuned) Training Loss Curve

—— Training Loss

0.8 1 —— Validation Loss

0.7 1

0.6

o
[

Loss (MSE)

o
'S
s

0.3 1

0.2 1

A
0.1 ———r———
0 20 40 60 80 100 120
Epoch

Figure 4. Training Loss Curve of the GRU Model.

MLP (Tuned) Training Loss Curve

—— Training Loss
10+ —— Validation Loss
0.8 A
0.6
0.4
0.2 4 =

0 25 50 75 100 125 150 175
Epoch

Figure 5. Training Loss Curve of the MLP Model.
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GRU (RNN) (Tuned)=Target VL1

4.5.3. Predictive Accuracy of Models

In addition to RMSE and R?, MAE was reported to provide further insight into predic-
tive accuracy. Scatter plots of predicted versus actual values (Figures 6 and 7) show that
although the models capture the overall trend, some dispersion reflects inherent variability
in visitor loyalty. Qualitative inspection suggests that sensory immersion (EE-SI) and
physical interaction (EE-PI) consistently influence predicted loyalty scores, highlighting
trends that may not be fully captured by quantitative metrics alone. This combination of
quantitative and qualitative interpretation offers a richer understanding of model perfor-
mance in the context of complex, real-world behavioral data. The scatter plots reveal that
most data points are distributed closely around the diagonal reference line, indicating that
the models successfully captured the overall trend and direction of the data. Although
some dispersion of data points was observed, reflecting the inherent variability and noise
in real-world datasets, the concentration of points near the diagonal line confirms the
robustness of the predictive outcomes. These results suggest that both models possess valid
predictive capability for visitor loyalty, with differences in precision further clarified in the
subsequent quantitative performance evaluation.

GRU (RNN) (Tuned): Predicted vs. Actual Values

GRU (RNN) (Tuned)—Target VL2
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Figure 6. Scatter plot of predicted vs. actual visitor loyalty values using the GRU model.
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Figure 7. Scatter plot of predicted vs. actual visitor loyalty values using the MLP model.
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4.5.4. Key Predictors of Visitor Loyalty

An important outcome of the deep learning analysis lies in the identification of the
most influential predictors of visitor loyalty. As shown in Figure 8, feature importance
derived from the optimal MLP model highlights that items such as EE-TM-2, EE-TM-1, and
EE-PI-1 exert the strongest impact on predictive outcomes. These dimensions represent
the core drivers shaping visitor loyalty, underscoring their central role in the embodied
experience framework.

Feature Importance (based on MLP_Tuned model)

FETM2 ———————|
. I N R
EEPIL I

— 1

EE-TM-3 4 =

g EE-CCEC-2 =
& Ee-sesi3- =
EE-SI-2 =
EE-CCEC-3 4 =
EE-SESI-2 =
EE-PI-3 =_
I
1

- 0 —
EECCECL] | i e R

0.100 0.075 -0.050 0.025 0.000 0.025 0.050 0.075
Importance (R? Drop)

Figure 8. Feature importance ranking for predictors of visitor loyalty based on the MLP model.

In contrast, other indicators such as EE-SI-2 and EE-SESI-2 contributed less substan-
tially to the model’s predictive performance. This ranking not only validates the robustness
of the model but also provides critical insights for practical applications and theoretical
advancement. By pinpointing the features with the greatest predictive power, the analysis
offers clear guidance for prioritizing design and management strategies that enhance visitor
loyalty in heritage tourism contexts.

In summary, by rigorously following the established research design, both MLP and
RNN models were effectively constructed and optimized, leading to several insightful
outcomes. First, the training processes were efficient and stable, ensuring reliable learning
and strong generalization performance. Second, the models accurately captured the un-
derlying variation in the target variable, demonstrating a clear predictive capacity. Finally,
the analysis quantified the relative importance of individual predictors, offering valuable
insights into the key factors shaping visitor loyalty. Overall, the findings not only fulfill the
intended objectives but also provide a solid and dependable foundation for future research
and practical applications.

5. Discussion

This study provides new empirical evidence on how embodied experience influences
visitor loyalty in urban heritage parks by integrating structural equation modeling (SEM)
and deep learning prediction. The findings highlight both the explanatory mechanisms
and predictive capabilities of the proposed framework, offering theoretical and practical
implications for heritage tourism research.
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5.1. Mediating Roles of Environmental Restoration and Flow Experience

The results confirm that environmental restoration perception and flow experience
serve as significant mediators in the relationship between embodied experience and visitor
loyalty. These findings suggest that immersive design elements not only enhance visi-
tors” psychological restoration and engagement but also contribute to the sustainability
of living heritage conservation. Specifically, when visitors feel physically restored and
psychologically immersed, they are more likely to form repeated connections with the
heritage building, which in turn generates a cycle of cultural transmission and commu-
nity participation [13]. In the context of living heritage, such embodied experiences do
not merely provide temporary satisfaction; rather, they reinforce the dynamic continuity
between the tangible environment and intangible cultural practices [35]. This indicates that
heritage buildings designed to stimulate sensory, affective, and interactive engagement are
more capable of sustaining cultural vitality while fostering visitor loyalty. By situating these
processes within the embodied experience framework, the study extends prior research
on restorative environments and demonstrates that psychological well-being is intricately
linked to the active safeguarding and revitalization of heritage in everyday life.

5.2. Cultural Identity’s Role in Strengthening Visitor Loyalty

The moderating analysis further reveals that cultural identity strengthens the impact
of both environmental restoration and flow experience on visitor loyalty. Visitors with
stronger cultural attachment exhibited higher loyalty when restorative and immersive
experiences were perceived positively [52]. This finding highlights that cultural resonance
is not only an individual psychological factor but also a key mechanism for sustaining
living heritage. In heritage tourism contexts, cultural identity functions as a bridge between
embodied experiences and heritage continuity: when visitors recognize their own cultural
values in the environment, restorative and immersive experiences are transformed into
a deeper sense of belonging and responsibility [53]. This process extends beyond short-
term satisfaction, fostering long-term engagement that supports the safeguarding and
revitalization of living traditions [37]. Accordingly, identity-based connections amplify the
effectiveness of embodied design strategies by ensuring that heritage buildings are not
merely preserved as static monuments but are actively lived, experienced, and transmitted
across generations.

5.3. Predictive Insights from Deep Learning

Beyond explanatory modeling, the application of MLP and GRU models demonstrates
the predictive potential of embodied experience indicators. The superior performance
of the MLP model indicates that nonlinear machine learning approaches can effectively
capture complex interactions among experiential, psychological, and cultural factors. More-
over, the feature importance analysis identifies tactile-materiality and physical interaction
dimensions as the strongest predictors of loyalty, offering actionable insights for park
design and management.

The SHAP analysis of embodied experience dimensions reveals how various forms of
embodied interaction impact visitor loyalty. Among the six identified dimensions—sensory
immersion (EE-SI), physical interaction (EE-PI), spatial embodiment (EE-SE), situational
engagement and social interaction (EE-SESI), cultural cognition and emotional connection
(EE-CCEC), and technological mediation (EE-TM)—the results reveal clear hierarchical
contributions [22,23].

Specifically, technological mediation (EE-TM) and physical interaction (EE-PI) emerge
as the strongest predictors of visitor loyalty, followed closely by sensory immersion (EE-SI).
This suggests that immersive technologies and opportunities for direct bodily engagement
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are central in reinforcing loyalty behaviors, as they allow visitors to experience cultural
heritage in ways that feel both authentic and participatory [27]. These findings align with
the principles of living heritage conservation, where maintaining the materiality of a space
and fostering embodied engagement are crucial to sustaining cultural continuity.

Conversely, spatial embodiment (EE-SE) and situational engagement/social interac-
tion (EE-SESI) exert more moderate effects, indicating that while spatial orientation and
group dynamics enrich the experience, they are less decisive in shaping long-term loyalty.
Cultural cognition and emotional connection (EE-CCEC), although less prominent in pre-
dictive strength, plays a subtle yet complementary role by reinforcing cultural identity—a
factor shown in the moderating analysis to amplify the pathways from restorative percep-
tion and flow experience to loyalty [26].

By integrating SHAP interpretability with the embodied experience framework, this
study demonstrates not only which features drive predictive accuracy but also how they
align with the theoretical underpinnings of cultural heritage preservation. This dual
perspective underscores the necessity of designing heritage environments that combine ma-
terial authenticity, embodied participation, and identity-based resonance, thereby ensuring
both predictive robustness and practical relevance for sustainable heritage management.

Based on the predictive results of the deep learning models, technological mediation
(EE-TM) and physical interaction (EE-PI) emerged as the most influential factors driving
visitor loyalty, providing actionable insights for the management and policy of heritage
parks. From a cultural perspective, the incorporation of immersive technologies and
interactive design can enhance visitors” engagement and cultural understanding, support-
ing the preservation and transmission of living heritage. Socially, facilitating embodied
participation and group interactions may strengthen community involvement and identity-
based connections. Economically, strategies that enhance repeat visits and word-of-mouth
recommendations can contribute to sustainable tourism development and long-term rev-
enue generation. These findings offer data-driven guidance for park managers, enabling
interventions that balance cultural, social, and economic objectives effectively.

Nevertheless, this study has several methodological limitations. First, the data were
collected from a single urban heritage park, and the cross-sectional design limits the ability
to capture changes in visitor loyalty over time, which may constrain the generalizability of
the findings to other cultural or geographical contexts. Second, the predictive models were
restricted by the available feature set, with only six embodied experience dimensions, result-
ing in the MLP model explaining very little variance and the GRU model performing poorly
due to the lack of sequential information. Future research could address these limitations
by employing longitudinal or multi-site datasets, incorporating additional psychological,
cultural, and social variables, and exploring alternative deep learning architectures or
multimodal data integration to enhance predictive performance and applicability across
diverse heritage contexts.

6. Conclusions

This study systematically examined the role of embodied experience in shaping visitor
loyalty within urban heritage parks, integrating explanatory and predictive perspectives.
The results of structural equation modeling (SEM) confirmed that embodied experience
exerts a positive influence on loyalty, with environmental restoration perception and flow
experience acting as significant mediators. Moreover, cultural identity moderated these
pathways, strengthening the impact of restorative and immersive experiences on loyalty
among visitors with stronger cultural attachment. These findings reveal the intertwined
psychological and cultural mechanisms through which heritage environments sustain
long-term visitor engagement.
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Beyond explanatory modeling, the study extended the analysis with deep learning
techniques. The comparative results of the multilayer perceptron (MLP) and gated recurrent
unit (GRU) models demonstrated that nonlinear machine learning methods effectively
capture the complex interactions among experiential, psychological, and cultural variables.
The superior predictive accuracy of the MLP model, supported by SHAP analysis, further
highlighted the relative importance of technological mediation and physical interaction
as the strongest predictors of visitor loyalty, underscoring the significance of immersive
engagement in contemporary heritage contexts.

Theoretically, this research advances the embodied experience framework by em-
bedding it within the broader agenda of living heritage conservation, emphasizing the
combined roles of material authenticity, embodied participation, and cultural resonance.
Practically, the findings offer actionable guidance for park and heritage management: pri-
oritizing technological mediation, enhancing opportunities for physical interaction, and
reinforcing cultural identity can effectively foster visitor loyalty.

In line with the proposed hypotheses, the study confirmed that embodied experience
positively influences loyalty (H; ), with environmental restoration perception and flow expe-
rience serving as mediators (H, and H3), and cultural identity moderating these effects (Hy).
The integration of SEM and deep learning illustrates the value of combining explanatory
and predictive approaches in heritage-tourism research. By linking psychological processes,
cultural identity, and advanced modeling, this study provides both theoretical enrichment
and robust tools for the sustainable management of urban heritage parks. Ultimately, the
findings inform strategies for the living conservation of heritage buildings—particularly
through technological mediation, physical interaction, and sensory immersion—ensuring
the safeguarding of authenticity, the reinforcement of cultural continuity, and alignment
with long-term sustainability goals and the SDGs.

Building on these insights, several practical recommendations can be drawn. First,
enhancing multisensory and embodied engagement should remain central to heritage
design, as tactile materiality and physical interaction most strongly predict loyalty [54].
Second, immersive technologies such as AR and VR should be employed with careful
attention to authenticity, augmenting rather than replacing the tangible presence of heritage.
Third, cultural identity should be embedded in interpretive narratives, using storytelling
that strengthens visitors’” identification with cultural values and history [55]. Fourth,
participatory co-creation involving local communities can reinforce cultural continuity
and intergenerational engagement [56]. Finally, adaptive reuse strategies should balance
innovation with conservation, integrating immersive and participatory features to keep
heritage relevant while preserving its cultural essence [57].

By merging explanatory findings with applied recommendations, this study not only
clarifies the mechanisms shaping visitor loyalty but also highlights innovative pathways—
namely the integration of embodied experience, cultural identity, and deep learning
methods—for advancing heritage conservation research. These contributions position
the study within the frontier of heritage-tourism scholarship, offering both theoretical
novelty and practical value.
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