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Abstract

Museum-grounded generative-Al guides can extend heritage interpretation from informa-
tion delivery to a participatory encounter that connects what visitors understand, experi-
ence, and intend to protect. Existing research, however, rarely distinguishes whether system
affordances are associated with desirable outcomes, predictively important, or necessary for
those outcomes to reach high levels. Drawing on the stimulus—organism-response frame-
work, this study develops an integrated model of how dialogic, epistemic, social, cultural,
adaptive, and participatory affordances relate to perceived heritage-value enhancement,
flow, stewardship self-efficacy, and pro-heritage stewardship intention. Post-interaction ev-
idence from adults reporting prior Jinghui use was examined through partial least squares
structural equation modeling, artificial neural networks, a matched Basis-KAN predictive
benchmark, and necessary-condition analysis. The findings identify outcome-specific pro-
files: responsive dialog is prominent for perceived value enhancement; visitor agency has
the highest mean ANN importance for flow; epistemic transparency and cultural authentic-
ity are closely ranked for self-efficacy; and perceived value enhancement and flow retain
necessity evidence for stewardship intention. The direct value-enhancement-self-efficacy
path is unsupported. Close coefficient differences do not establish superior design features,
and ANN ranks vary across fitted runs. Comparison of nonlinear importance with held-out
prediction further shows that a flexible representation does not automatically yield stronger
predictive performance. By linking accountable system design to visitors” meaning-making
and stewardship motivation, this study provides an evidence-informed foundation for
designing museum generative Al as public interpretive infrastructure that connects cultural
accountability with informed participation in heritage stewardship.

Keywords: museum-grounded generative Al; cultural heritage; stewardship intention;
PLS-SEM,; artificial neural network; Basis-KAN; necessary condition analysis

1. Introduction

Museums are increasingly using generative artificial intelligence in public-facing inter-
pretation. Compared with fixed-content guides, a museum-grounded generative-Al virtual
guide can support question-driven dialog, adapt explanations to visitors” interests and prior
knowledge, and present heritage content through an embodied interface. These capabilities
may widen access to museum knowledge and enrich visitor experiences, but they also increase
the museum’s responsibility for the accuracy, provenance, and cultural framing of Al-mediated
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interpretations. UNESCO'’s Recommendation on the Ethics of Artificial Intelligence emphasizes
transparency, human oversight, cultural diversity, and the prevention of harm in the develop-
ment and use of Al systems [1]. Research on Al ethics in cultural heritage similarly highlights
the risks of inaccurate interpretation, cultural misrepresentation, marginalization of community
perspectives, and unclear responsibility for Al-generated content [2].

Research on Al and cultural heritage extends well beyond public-facing guides. Re-
views map Al applications across documentation, condition assessment, conservation
planning, and restoration support [3-6]. Reviews of generative museum technology and
Al ethics separately address digital interpretation, data quality, and cultural accountabil-
ity [2,7]. Colace et al. survey machine-learning applications across cultural-heritage protec-
tion and identify challenges in connecting technological development with conservation
needs [3]. Li, Lim, and Li map technological developments in heritage conservation, while
Kutlu identifies damage detection, structural monitoring, and risk assessment as prominent
themes in Al-assisted historical-building research [4,5]. Tan et al. organize architectural
conservation into five connected phases—monitoring, damage identification, environmen-
tal prediction, deterioration risk assessment, and environmental control—showing how
Al supports a conservation workflow [6]. Generative-Al reconstruction research further
shows that credible heritage applications require evidence grading, explicit documen-
tation of reconstruction hypotheses, and disclosure of uncertainty rather than visually
plausible output alone [8]. Within this wider field, research on generative Al and virtual
guides has focused on perceived value and adoption [9,10], virtual-human design and
embodiment [11-13], continuance intention [14], offline cultural participation [15], and
Al-supported co-creation [16]. The present study addresses a narrower but underdevel-
oped problem: how visitors perceive a deployed, museum-grounded guide and how those
perceptions are associated with heritage stewardship intention. This focus complements
conservation and reconstruction research by examining the visitor-facing interpretive and
motivational consequences of Al-mediated heritage encounters.

Heritage stewardship represents a different outcome from technology adoption, satisfac-
tion, or continuance intention. These platform-centered outcomes indicate whether visitors
accept a system, value its use, or intend to use it again. Heritage stewardship is instead
concerned with responsible relationships among people, heritage, places, and communities. It
may involve responsible visitation, accurate communication of heritage knowledge, support
for conservation and public education, and appropriate responses to heritage-related risks.
Conservation-participation research provides context for this broader orientation [17]; the
specific activities listed here define the present study’s stewardship scope. In this study,
pro-heritage stewardship intention (PHSI) refers to visitors’ stated willingness to undertake or
support such actions. It is treated as a near-term motivational outcome rather than evidence of
observed behavior. This outcome is relevant to the cultural sustainability of museums because
the continuity and transmission of heritage depend not only on institutional preservation but
also on informed and sustained public engagement [18]. The central question is therefore
not simply whether a virtual guide is useful or enjoyable, but whether its interpretive and
interactive affordances are associated with visitors” perceived heritage-value enhancement,
experiential involvement, and capability to act.

Two research gaps motivate the present study. First, many existing studies oper-
ationalize virtual-guide qualities through broad constructs such as information quality,
interactivity, anthropomorphism, or system quality. Such constructs may not distinguish
between different forms of interaction and interpretation. For example, a response that
reflects the preceding dialog is not equivalent to a response that is merely fast, while an
explanation that discloses its evidential basis is not equivalent to one that is simply fluent or
persuasive. An affordance-based perspective is useful here because it treats affordances as
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possibilities for action that arise from the relationship between technological arrangements
and users, rather than as isolated technical features [19]. This distinction is particularly
important in museums, where cultural interpretation is closely related to institutional credi-
bility, historical accountability, and the traceability of knowledge [1,2,20]. The present study;
therefore, treats dialogic contingency, source-grounded epistemic transparency, embodied
social presence, perceived cultural authenticity, adaptive narrative personalization, and
participatory agency as distinct perceived affordances.

Second, existing research on museum Al has commonly examined adoption, satisfac-
tion, continuance, or general cultural participation. The psychological appraisals associated
with heritage stewardship intention remain less developed. The present model brings
together perceived heritage-value enhancement, flow experience, and heritage stewardship
self-efficacy. PHV captures visitors’ retrospective perception that the experience deep-
ened their recognition of heritage significance. It does not measure their absolute level of
heritage-value recognition or an objectively observed change. FLOW concerns focused
attention and absorption, while HSSE concerns confidence in feasible, responsible heritage-
supporting action. Examining these appraisals together distinguishes their relationships
with a heritage-centered motivational outcome.

To address these gaps, this study develops an SOR model with 24 theoretically speci-
fied relationships and evaluates it through four complementary analytical lenses. PLS-SEM
estimates conditional associations. Artificial neural networks describe fitted nonlinear
input importance. An additive Basis-KAN model is compared with ridge regression and
boosted stumps under identical repeated folds to test out-of-sample predictive perfor-
mance. Necessary-condition analysis identifies conditions that constrain high outcome
levels. Keeping these roles separate prevents path coefficients, ANN importance, predictive
accuracy, and necessity effects from being treated as interchangeable evidence. The analyses
share one questionnaire dataset and are not independent replications.

The empirical setting is Jinghui, a generative-Al virtual guide deployed at the Capital
Museum in Beijing. The study draws on 519 adults who affirmed prior Jinghui experience at
the questionnaire entry and completed a post-interaction survey. Eligibility therefore rests on
self-reported use rather than session-level verification. The single-museum and single-guide
setting bounds the interpretation to these respondents and this deployment context.

The study addresses five research questions:

RQ1. How are Jinghui’s six perceived affordances associated with perceived heritage-
value enhancement, flow experience, and heritage stewardship self-efficacy?

RQ2. How are perceived heritage-value enhancement, flow experience, and heritage
stewardship self-efficacy associated with visitors’ pro-heritage stewardship intention?

RQ3. Which affordances and organism states have the greatest nonlinear predictive
importance in ten-run artificial neural-network models?

RQ4. Does an additive Basis-KAN model improve out-of-sample prediction relative
to ridge regression and boosted decision stumps under identical repeated folds?

RQ5. Which perceived affordances and organism states exhibit empirical necessity
patterns or bottleneck relationships for higher endogenous outcomes?

Rather than treating museum Al as a single measure of system quality, this study
distinguishes six affordances that visitors can experience during an interaction. It gives
particular attention to source-grounded epistemic transparency, which concerns visitors’
perception of the evidential basis of Al explanation. The analysis also shifts the outcome
from technology acceptance to pro-heritage stewardship intention and separates the roles
of heritage value, flow, and stewardship self-efficacy. Evidence from 519 respondents
reporting use of a deployed guide is examined through structural modeling, out-of-sample
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prediction, and necessary-condition analysis, allowing association, predictive performance,
and bottleneck patterns to be interpreted as different forms of evidence.

2. Literature Review and Hypothesis Development
2.1. Museum-Grounded Generative-Al Virtual Guides

A museum-grounded generative-Al virtual guide is defined in this study as an em-
bodied conversational system that dynamically generates context-sensitive interpretive
responses while anchoring those responses in a museum-curated knowledge base. It dif-
fers from three adjacent forms of digital interpretation: scripted digital characters that
deliver predetermined content, general-purpose conversational agents that operate without
institution-specific heritage grounding, and embodied avatars that present fixed narra-
tion without generative dialog. Three properties therefore characterize the focal system.
Generativity refers to the production of context-dependent responses during interaction;
grounding refers to the use of institutionally curated heritage knowledge to constrain
and support those responses; and embodiment refers to the socially perceptible voice,
appearance, and behavioral cues through which the guide communicates.

Grounding should, however, be distinguished from epistemic transparency. A sys-
tem may technically retrieve information from an authoritative museum knowledge base
without making the evidential status of its responses perceptible to visitors. Conversely,
visitors’ judgments of whether an explanation is well supported depend on how clearly
the system communicates the basis and limits of its heritage claims. This distinction is
especially important in generative-Al interpretation, where fluent responses may otherwise
obscure differences among established knowledge, interpretive inference, and uncertain in-
formation. Research comparing large language models with structured heritage knowledge
likewise suggests that flexible natural-language interaction and domain-specific knowledge
structures are complementary rather than substitutable capabilities [20].

Existing museum research has examined several aspects of this emerging interaction
form, but largely in isolation. Studies of generative Al in digital museums show that
semantic relevance and contextual adaptability can enhance perceived value and adoption,
while perceived risk remains consequential [9]. Research on generative-Al virtual assistants
in immersive museum environments demonstrates the potential of conversational guidance
for visitor engagement while also identifying technical limitations such as latency and
voice clarity [12]. Studies of museum digital humans further connect information richness,
esthetic experience, flow, cultural identity, and media richness with adoption or continuance
intention [10,14]. Experimental evidence comparing interface modalities also suggests that
informational richness and embodiment do not produce identical psychological outcomes:
voice-plus-text interfaces may enhance perceived information quality, whereas embodied
avatars can generate stronger engagement [13]. Taken together, these findings indicate
that museum generative Al cannot be adequately represented by a single continuum of
technological sophistication, system quality, or human likeness.

Accordingly, this study conceptualizes the museum-grounded generative-Al virtual
guide through six visitor-perceived affordance dimensions. Here, affordances are understood
relationally as possibilities for interaction and meaning-making that emerge between tech-
nological capabilities, visitor perceptions, and the situated museum context, rather than as
technical features alone [19]. This distinction is important because affordance research has
cautioned against treating system features, user outcomes, and affordances as interchangeable
concepts. Dialogic contingency captures whether responses remain semantically connected to
the evolving conversation. Source-grounded epistemic transparency concerns whether visitors
can understand the evidential basis and epistemic status of heritage explanations. Embodied
social presence represents the experienced possibility of socially situated interaction with the
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guide. Perceived cultural authenticity reflects whether the interpretation supports culturally
coherent and context-sensitive sense-making. Adaptive narrative personalization captures the
perceived adjustment of explanatory depth, emphasis, examples, and information pacing to
the individual visitor. Participatory agency concerns the visitor’s perceived ability to influence
the direction and depth of heritage exploration.

These six dimensions are conceptually distinct but potentially complementary. Impor-
tantly, they are operationalized as visitor-perceived affordances rather than backend technical
specifications. Institutional knowledge grounding, for example, is a system property, whereas
source-grounded epistemic transparency concerns whether the evidential basis of the system’s
claims becomes intelligible to the visitor. Similarly, adaptive algorithms are technical mecha-
nisms, whereas adaptive narrative personalization concerns whether visitors experience the
interpretation as responsive to their knowledge, interests, and interaction patterns. This distinc-
tion enables the study to examine how different perceived qualities of a museum-grounded
generative-Al guide are associated with different psychological processes, rather than attributing
visitor outcomes to “Al” as an undifferentiated technological stimulus.

Jinghui is the Capital Museum’s Al digital guide within its high-precision smart-guidance
platform. The developer reports that the platform entered trial operation in February 2024 and
connects 18 on-site touchscreens with smartphone access. Jinghui operates in the intelligent
question-and-answer module, combining a customized Al large model with a museum-
specific knowledge base to answer natural-language questions about collections, exhibitions,
and visitor services [21]. A first-hand developer interview describes the knowledge resources
as collection data, exhibition materials, research findings, museum and heritage knowledge,
and public-service information, and identifies natural-language processing and personalized
interaction as system capabilities [22]. The surrounding platform also supports visit planning,
exhibition and collection exploration, resource discovery, and visitor services [21]. Figure 1
organizes these publicly documented components by access channel, knowledge resource,
interaction capability, and service scope.

Jinghui museum-grounded functional architecture

Museum-specific knowledge, natural-language interaction and visitor-facing interpretation

- MUSEUM-SPECIFIC KNOWLEDGE RESOURCES -

Collection data ’ e (

Visitor access and inquiries ‘

On-site touchscreen access
Smartphone access
Natural-language questions
Collection inquiries
Exhibition inquiries

Visitor-service inquiries

p =

> Collection explanations L

Exhibition Research ( Museum 1 Heritage | Public-service
materials findings knowledge knowledge | information

Collections + exhibitions + research + museum knowledge + visitor services

museum knowledge

JINGHUI AI INTERACTION AND INTERPRETATION
[

/

e Customized Al model + museum-specific knowledge ...
e ~ v R S Surrounding platform services 1
Visit planning
Natural- Collection and M ific Per lized Al digi ji
. P aon gital service bt et
| inquiry language exhibition knowled :imse interaction ide contcx‘ Exhibition exploration [
processing it knowledge i in i ' i i visitor-oriented gu'
visitor inquiry museum resources domain information éxplanatinn customn:dz:Id Al Collection exploration
b Intelligent Q&A
~===» natural-l dialogue and p lized interaction <« |
/ Resource discovery
J mghm visitor responses
K Collection explanations + exhibition information + visitor-service guidance Visitor services
.L ---------------- Visitor-facing museum interpretati j..-- %
> FUNCTIONAL SERVICE SCOPE <

> ( Public-service answers } “

‘ Exhibition information } <SS { Museum visit guidance

Figure 1. Jinghui’s publicly documented functional architecture within the Capital Museum smart-
guidance platform. The central field represents the Al question-and-answer guide; the right-hand
column identifies services of the surrounding platform, and the lower band summarizes the visitor-
facing service scope. Arrows organize functional relationships [21,22].
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The public sources document knowledge grounding and functional access, not the
presence of visitor-visible citations or uncertainty notices in each survey encounter. SGET
therefore measures respondents’ perception of evidential intelligibility; neither backend
grounding nor an affirmative prior-use response independently verifies exposure to such
interface elements. The figure is a functional synthesis, not a reconstruction of session
screens or undisclosed retrieval parameters.

2.2. Theoretical Architecture

The stimulus—organism-response (SOR) framework provides the overarching ar-
chitecture for this study. SOR proposes that environmental stimuli influence internal
cognitive and affective states, which subsequently shape approach- or avoidance-
oriented responses [23]. In the present context, the six visitor-perceived affordance
dimensions of the generative-Al virtual guide constitute the stimuli; perceived heritage-
value enhancement (PHV), flow experience (FLOW), and heritage stewardship self-
efficacy (HSSE) constitute the organism states; and pro-heritage stewardship intention
(PHSI) constitutes the response. This structure shifts evaluation away from whether vis-
itors merely accept or continue using the technology toward how technology-mediated
interpretation is associated with heritage-centered motivational outcomes.

SOR specifies the general sequence from environmental perception to internal psy-
chological state and behavioral response, but it does not require different stimuli to affect
organism states in identical ways or with equivalent strength. The present study, there-
fore, adopts a differentiated multi-mechanism structure. Each perceived affordance has
a psychologically proximal mechanism through which its influence is expected to be par-
ticularly salient, while cross-mechanism effects are also theoretically plausible because
cognitive evaluation, experiential absorption, and perceived capability are interrelated
during museum interpretation. In this sense, the model does not treat the six affordances as
interchangeable indicators of a single “Al quality” construct. Rather, it examines whether
each affordance contributes differently to PHV, FLOW, and HSSE while allowing these
psychological effects to overlap.

Three complementary mechanisms provide the organizing logic for these relation-
ships. First, an epistemic—cultural mechanism is expected to be particularly salient for
source-grounded epistemic transparency and perceived cultural authenticity. Heritage
interpretation depends not only on whether information is fluent or engaging but also
on whether visitors regard it as evidentially credible and culturally coherent. Perceived
authenticity has long been treated as a visitor-level evaluative construct in cultural heritage
research, with implications for engagement and behavioral responses rather than merely as
an objective property of a site or artifact [24]. Empirical work in heritage tourism likewise
shows that authenticity and engagement are closely connected in visitors” evaluation of
heritage experiences. SGET and PCA are therefore expected to exert their strongest concep-
tual influence on PHV, while their effects may also extend to FLOW and HSSE by reducing
interpretive uncertainty, sustaining coherent engagement, and providing a more reliable
basis for heritage-related judgment.

Second, a dialogic—experiential mechanism is expected to be particularly salient
for dialogic contingency, embodied social presence, and adaptive narrative personal-
ization. These affordances concern the continuity, social quality, and personal fit of
interaction. Self-determination theory suggests that competence support, personal rel-
evance, and appropriately structured interaction can sustain intrinsic involvement [25].
In a museum setting, coherent dialog, socially legible companionship, and person-
ally adapted interpretation can therefore support concentration and absorption. At
the same time, these affordances may also affect PHV and HSSE because responsive
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and personalized interpretation can deepen meaning construction, clarify culturally
significant information, and provide visitors with more accessible pathways for under-
standing what responsible heritage engagement entails.

Third, a participatory—agentic mechanism is expected to be particularly salient for
participatory agency. Social cognitive theory emphasizes that efficacy beliefs are shaped
partly through mastery experiences, perceived control, feedback, and opportunities to
exercise agency [26]. When visitors can influence the direction and depth of heritage
exploration rather than passively receive fixed information, they may experience themselves
as more capable participants. Participatory agency is therefore theoretically closest to HSSE,
but its influence need not be confined to efficacy. Active choice and control may also
strengthen PHV by encouraging deeper meaning construction and FLOW by increasing
autonomy, involvement, and perceived effectance.

The distinction among these mechanisms is therefore one of theoretical proximity
rather than exclusivity. SGET and PCA are expected to relate most directly to epistemic
and cultural evaluation; DC, ESP, and ANP to experiential absorption; and PA to per-
ceived capability. Nevertheless, all six affordances are hypothesized to affect all three
organism states because museum experiences unfold through intertwined processes of
interpretation, immersion, and action appraisal. Sections 2.3-2.8 develop these primary
and cross-mechanism relationships in detail.

The three organism states are connected through theoretically proposed associations.
PHYV captures the perceived enhancement of visitors’ recognition of historical, cultural,
social, and intergenerational significance during the reported experience. FLOW represents
focused absorption. HSSE reflects confidence in feasible, responsible heritage-supporting
action. The model proposes PHV-FLOW, PHV-HSSE, and FLOW-HSSE relationships,
together with a direct association from each state to PHSI. These relationships are developed
in Section 2.9.

PHSI is conceptualized as a visitor-level motivational outcome rather than as observed
stewardship behavior or a direct measure of cultural sustainability. Nevertheless, it is theo-
retically relevant to cultural sustainability because the safeguarding, continued interpreta-
tion, and intergenerational transmission of cultural heritage depend partly on informed
and responsible public participation. Cultural sustainability research has similarly treated
heritage, cultural continuity, participation, and transmission as central components of the
relationship between culture and sustainable development [27]. The present framework,
therefore, connects museum-grounded generative-Al interpretation to cultural sustainabil-
ity through a visitor-level motivational pathway, rather than treating sustainability as an
automatic consequence of technology adoption.

Figure 2 summarizes the proposed model. Each of the six perceived affordances
is hypothesized to relate positively to PHV, FLOW, and HSSE, yielding 18 stimulus-
to-organism paths. PHV is related to FLOW and HSSE, FLOW to HSSE, and all three
states to PHSI. The model contains 24 directional relationships. Hla-Hé6c identify the
affordance-to-state paths; H7-H12 identify the three state-to-state and three state-to-
intention paths.
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24 theoreltically specified paths: 18 affordance-to-state, 3 state-to-state, and 3 state-to-intention relations

Figure 2. Proposed SOR model linking perceived affordances of a museum-grounded generative-Al
virtual guide to pro-heritage stewardship intention.

2.3. Dialogic Contingency

Dialogic contingency refers to the extent to which a guide’s responses meaningfully
depend on a visitor’s preceding and earlier conversational turns. It is narrower than generic
interactivity or response speed because contingency requires semantic continuity across
exchanges rather than merely rapid or bidirectional communication. A contingent guide
recognizes the direction of an inquiry, retains relevant information from prior turns, and
adjusts subsequent responses as the conversation develops. Communication research
identifies such message interdependence as a defining feature of contingency and shows
that interaction history can strengthen perceived dialog and user engagement [28]. Con-
versational contingency is also distinct from response latency: a reply may be rapid yet
insufficiently related to what the user has previously said [29]. More recent human-AlI
research further indicates that contextual responsiveness is associated with stronger social
connection and deeper cognitive and emotional engagement [30].

Among its psychological consequences, dialogic contingency is expected to relate
most directly to flow experience. Contextually relevant responses reduce the need to repeat
questions, repair misunderstandings, or redirect attention away from the interpretive
task, thereby preserving interactional continuity. Prior experimental research has shown
that perceived contingency plays an important role in translating message interactivity
into stronger user engagement [28]. Although engagement and flow are conceptually
distinct, both depend on sustained involvement; therefore, a dialog that remains responsive
to a visitor’s evolving inquiry should reduce interactional disruption and facilitate the
concentration and absorption central to flow.

Dialogic contingency may also influence perceived heritage-value enhancement and
heritage stewardship self-efficacy through related cross-mechanism processes. Museum
experience is inherently interpretive and relational, with meaning emerging through inter-
actions among visitors, heritage objects, interpretive resources, and place [31]. By linking
explanations to visitors” questions and prior understanding, contingent dialog can make
the historical and cultural significance of heritage more personally intelligible, thereby
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strengthening perceived heritage-value enhancement. At the same time, context-specific
clarification and feedback can reduce uncertainty about how heritage information should
be understood, communicated, or acted upon. Consistent with social cognitive theory [26],
such task-relevant guidance can strengthen visitors’ confidence in making responsible
heritage-related judgments and undertaking feasible stewardship actions. Accordingly:

H1a. Dialogic contingency is positively associated with perceived heritage-value enhancement.
H1b. Dialogic contingency is positively associated with flow experience.

H1c. Dialogic contingency is positively associated with heritage stewardship self-efficacy.

2.4. Source-Grounded Epistemic Transparency

Source-grounded epistemic transparency refers to the extent to which visitors can
perceive the evidential basis, epistemic status, and limits of the heritage claims commu-
nicated by a generative-Al guide. It differs from general information quality. An answer
may be fluent, relevant, and apparently accurate while providing little indication of what
evidence supports it or whether a claim represents established knowledge, interpretation,
or uncertainty. Research on human-Al interaction shows that meaningful transparency can
reduce uncertainty and strengthen trust by providing users with explanatory knowledge
about Al-generated judgments [32]. However, transparency is not uniformly beneficial:
its effects depend on the accessibility, informativeness, and interpretability of what is dis-
closed [33,34]. This distinction is particularly important in heritage interpretation, where
unsupported synthesis may distort chronology, provenance, cultural meaning, or contested
interpretations. The integration of large language models with structured heritage knowl-
edge therefore provides an important basis for traceable and institutionally constrained
interpretation [20].

The most direct psychological consequence of SGET is expected to be perceived
heritage-value enhancement. Heritage value is not communicated solely through the
quantity or attractiveness of information but also through visitors” ability to understand
why an interpretation is credible and how it relates to established heritage knowledge.
Empirical research on heritage interpretation shows that interpretive information and prin-
ciples significantly shape tourists’ perceptions of heritage value, with visitors responding
particularly to the substance and cultural meaning conveyed through interpretation [35].
When visitors can recognize that important claims are supported by museum or scholarly
knowledge and can distinguish relatively established information from interpretive or un-
certain content, they have a firmer epistemic basis for evaluating the historical, cultural, and
social significance of the heritage. SGET should therefore strengthen PHV by connecting
interpretive meaning with perceived evidential legitimacy.

SGET may also affect flow experience and heritage stewardship self-efficacy through
cross-mechanism processes. Transparency can reduce epistemic uncertainty and the need
for visitors to repeatedly question or externally verify the credibility of an Al-generated
explanation, thereby lowering interactional friction and helping sustain attention. This
does not imply that greater disclosure necessarily produces greater flow; explanations are
beneficial only when they are meaningful and usable [32-34]. The hypothesis therefore
concerns perceived epistemic transparency rather than the volume of disclosed information.
In addition, access to intelligible evidential grounding can provide visitors with a more
reliable basis for judging, communicating, and responding to heritage-related information.
Consistent with social cognitive theory [26], reducing uncertainty about what is credible
and how it can be justified should strengthen confidence in making responsible heritage-
related judgments and undertaking feasible stewardship actions. Accordingly:
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H2a. Source-grounded epistemic transparency is positively associated with perceived heritage-value
enhancement.

H2b. Source-grounded epistemic transparency is positively associated with flow experience.

H2c. Source-grounded epistemic transparency is positively associated with heritage stewardship

self-efficacy.

2.5. Embodied Social Presence

Embodied social presence refers to the extent to which visitors experience the virtual
guide as a socially present companion rather than as a disembodied information channel.
It is related to, but distinct from, anthropomorphism and visual realism. Humanlike
appearance may encourage users to attribute intentions, agency, and social qualities to a
nonhuman system, but social presence ultimately depends on whether voice, appearance,
gesture, and behavior are experienced as coherent social cues rather than on realism
alone [36]. Research on algorithmic human likeness likewise shows that perceptions of
humanlike agency can shape social presence and downstream social influence [37]. In
virtual museum settings, embodied Al avatars have also been found to generate higher
engagement than voice-only or voice-plus-text interfaces even when informational content
is held constant [13]. At the same time, highly realistic faces with abnormal features
can produce uncanniness, indicating that embodiment should be understood in terms of
perceived social presence rather than rendering fidelity [38].

Among the three organism states, ESP is expected to relate most directly to flow
experience. A socially present guide can provide a stable interpersonal and attentional
anchor, making the interaction feel continuous and accompanied rather than fragmented
or purely transactional. Recent research on Al tour guides offers direct empirical support
for this relationship: dimensions of automated social presence, including social affability,
empathy, responsiveness, communication versatility, and competence, significantly enhance
tourists’ flow experience [39]. In a museum context, the perception of being accompanied
by a responsive guide should therefore help sustain attention and involvement, facilitating
the absorption characteristic of flow.

ESP may also influence perceived heritage-value enhancement and heritage steward-
ship self-efficacy through cross-mechanism effects. Socially situated interpretation can
make heritage information feel less like an abstract database output and more like a mean-
ingful interpersonal explanation, thereby increasing the salience and experiential value
of cultural content. Tourism research similarly indicates that social presence can support
participation-related outcomes [40]. In addition, socially framed guidance may make expla-
nations and normative cues more salient and easier to interpret. From a social cognitive
perspective [26], such socially legible guidance can reduce uncertainty about appropri-
ate heritage-related judgments and, in turn, support visitors’ confidence in undertaking
feasible stewardship actions. Accordingly:

H3a. Embodied social presence is positively associated with perceived heritage-value enhancement.
H3b. Embodied social presence is positively associated with flow experience.

H3c. Embodied social presence is positively associated with heritage stewardship self-efficacy.

2.6. Perceived Cultural Authenticity

Perceived cultural authenticity (PCA) refers to visitors” judgment that the guide’s
representations and interpretations are culturally appropriate, contextually faithful, and
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respectful of the meanings and traditions associated with the heritage. It is a visitor-level
perception rather than an expert determination of historical truth or evidential accuracy.
This distinction also separates PCA from source-grounded epistemic transparency: SGET
concerns whether visitors can understand the evidential basis and epistemic status of
a claim, whereas PCA concerns whether the resulting interpretation is experienced as
culturally coherent and faithful to its heritage context. Cultural heritage research has
long treated authenticity as a perceptual and evaluative construct rather than solely as
an objective property of an artifact or site [24]. Empirical research further shows that
perceived authenticity shapes visitor engagement and subsequent responses in heritage
settings [41,42].

Among the three organism states, PCA is expected to have its most direct relationship
with perceived heritage-value enhancement. Authentic interpretation situates objects,
practices, and narratives within historically and culturally meaningful contexts, enabling
visitors to recognize why the heritage matters beyond its immediate visual or technological
presentation. Studies across European and Asian heritage contexts show that authenticity
is closely connected with visitors’ evaluation and engagement [24,41]. In virtual heritage
environments, authenticity has likewise been shown to shape cognitive and affective
responses, indicating that mediated representation does not eliminate visitors’ concern
with cultural and historical credibility [42]. Thus, when a generative-Al guide is perceived
as faithfully representing cultural meanings and traditions, visitors should be better able to
recognize the historical, cultural, social, and intergenerational significance of the heritage.

PCA may also strengthen flow experience and heritage stewardship self-efficacy
through cross-mechanism processes. Authenticity can support experiential absorption by
reducing representational incongruity and allowing visitors to engage with a culturally
coherent interpretive environment. Importantly, prior tourism research provides direct
evidence that authenticity can enhance flow through perceived value and involvement [43],
while heritage research links authenticity with stronger visitor engagement [41]. Cultural
authenticity may also provide a more credible normative frame for understanding appro-
priate ways of interpreting, communicating, and interacting with heritage. Consistent with
social cognitive theory [26], clearer and culturally grounded guidance can reduce uncer-
tainty about appropriate conduct and strengthen visitors” confidence in making responsible
heritage-related judgments and undertaking feasible stewardship actions. PCA is therefore
treated as a visitor-perceived judgment of cultural authenticity rather than as a substitute
for expert authentication or curatorial validation. Accordingly:

H4a. Perceived cultural authenticity is positively associated with perceived heritage-value enhancement.
H4b. Perceived cultural authenticity is positively associated with flow experience.

H4c. Perceived cultural authenticity is positively associated with heritage stewardship self-efficacy.

2.7. Adaptive Narrative Personalization

Adaptive narrative personalization (ANP) refers to visitors’ perception that the guide
adjusts the depth, thematic emphasis, examples, and pace or amount of heritage interpreta-
tion to their prior knowledge, expressed interests, and ongoing interaction. It differs from
dialogic contingency and participatory agency. Dialogic contingency concerns whether
the system remains semantically responsive to the evolving conversation, whereas ANP
concerns whether the content and form of interpretation are adapted to the individual
visitor. Participatory agency, by contrast, concerns the visitor’s perceived control over what
to explore. Cultural-heritage personalization research has long emphasized the adaptation
of content selection, presentation, and interaction to visitors’ preferences, background
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knowledge, and context, while retaining curatorial control over the underlying interpretive
resources [44,45]. In conversational Al, longitudinal evidence likewise shows that personal-
ization can alter perceptions of dialog quality, information relevance, credibility, trust, and
privacy risk across repeated interactions [46].

Among the three organism states, ANP is expected to relate most directly to flow expe-
rience. Personalized interpretation can reduce mismatch between the amount or complexity
of information provided and the visitor’s available knowledge and attention. Research on
adaptive digital guidance shows that dynamically tailored instructions can reduce cogni-
tive load and improve learning outcomes relative to static guidance [47]. Flow research
similarly emphasizes that compelling interactive experiences depend on an appropriate
relationship among users’ skills, perceived control, challenge, and focused attention [48]. In
a museum context, adapting explanatory depth, examples, and information pacing to the
visitor should therefore reduce overload or under-stimulation and help sustain attention
and absorption during the encounter.

ANP may also strengthen perceived heritage-value enhancement and heritage steward-
ship self-efficacy through cross-mechanism processes. When heritage significance is explained
through examples and levels of detail that are relevant to a visitor’s prior knowledge and
expressed interests, otherwise unfamiliar historical or cultural meanings may become more
personally intelligible, strengthening perceived heritage-value enhancement. Personaliza-
tion research in cultural heritage specifically argues that adaptive systems can recombine a
common body of curated content into experiences that are meaningful to different visitors
without relinquishing professional control over interpretation [44,45]. At the same time, adap-
tive explanation can make heritage-related guidance more comprehensible and realistically
actionable by matching the amount and complexity of information to the visitor. Consistent
with social cognitive theory [26], guidance that is appropriately matched to an individual’s
level of understanding can strengthen perceived capability by making responsible judgments
and feasible stewardship actions appear more manageable. Accordingly:

H5a. Adaptive narrative personalization is positively associated with perceived heritage-value
enhancement.

H5b. Adaptive narrative personalization is positively associated with flow experience.

H5c. Adaptive narrative personalization is positively associated with heritage stewardship self-efficacy.

2.8. Participatory Agency

Participatory agency (PA) refers to visitors’ perceived capacity to meaningfully influ-
ence the direction and depth of their heritage exploration through their own choices. It
extends beyond the mere availability of multiple options because agency requires visitors to
perceive that their decisions have meaningful consequences for how the experience unfolds.
PA is also distinct from adaptive narrative personalization: ANP concerns system-driven
adaptation of interpretive content to the visitor, whereas PA concerns visitor-driven control
over what to explore and how far to pursue it. Recent museum research conceptualizes
visitor agency as multifaceted, encompassing the physical environment, social engagement,
choice and autonomy, and relevance and empowerment, while emphasizing that agency
should not be equated with unrestricted open-endedness [49]. Structured opportunities
for meaningful choice may therefore support agency more effectively than either rigidly
prescribed routes or undirected freedom.

Among the three organism states, PA is expected to relate most directly to heritage
stewardship self-efficacy. Social cognitive theory identifies mastery experiences and per-
ceived control as important foundations of efficacy beliefs [26]. When visitors can actively
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determine what to investigate, pursue questions in greater depth, and observe that their
choices meaningfully shape the interpretive experience, they move from passive reception
toward active heritage-related judgment. Museum agency research similarly conceptual-
izes meaningful participation in terms of autonomy, relevance, and empowerment [49].
More direct heritage evidence comes from a quasi-experimental field study of community
archeological participation, in which participants showed increased self-efficacy following
active engagement with local heritage [50]. Although such participation is more intensive
than interacting with a virtual guide, it supports the broader proposition that exercising
agency in heritage-related activities can strengthen perceived capability.

PA may also strengthen perceived heritage-value enhancement and flow experience
through cross-mechanism processes. Active choice encourages visitors to allocate attention
according to their interests, compare interpretive possibilities, and construct personally mean-
ingful connections with heritage content. Museum research on experience co-creation shows
that visitors’ active participation and interaction contribute to more intensive and meaningful
experience-value formation [51]. At the experiential level, autonomy and perceived control
can sustain intrinsic involvement by allowing visitors to regulate the pace and direction of
exploration. Evidence from tourism settings, including a field study in an experiential mu-
seum, shows that autonomy facilitates immersion, while recent research in virtual museums
similarly identifies autonomy as an important driver of presence [52,53]. Accordingly:

Hé6a. Participatory agency is positively associated with perceived heritage-value enhancement.
Heéb. Participatory agency is positively associated with flow experience.

Héc. Participatory agency is positively associated with heritage stewardship self-efficacy.

2.9. Perceived Heritage-Value Enhancement, Flow Experience, Heritage Stewardship Self-Efficacy,
and Pro-Heritage Stewardship Intention

Perceived heritage-value enhancement (PHV) denotes visitors’ retrospective appraisal
that the guide experience deepened their recognition of heritage significance. The four
items ask about enhanced recognition of historical significance, cultural /social /spiritual
meaning, contemporary and community relevance, and intergenerational importance. A
knowledgeable visitor can report substantial heritage value but little additional enhance-
ment; the scale therefore concerns perceived contribution of the experience, not an absolute
value-recognition level. Interpretive value and flow are related in tourism research [54],
and heritage interpretation has been linked to environmentally responsible responses [55].
A reported enhancement of meaningful understanding may also accompany confidence
in making heritage-related judgments, as anticipated by social cognitive theory [26]. We
therefore propose positive associations of PHV with FLOW, HSSE, and PHSI, without
treating the post-interaction report as an observed pre-post change. Accordingly:

H7. Perceived heritage-value enhancement is positively associated with flow experience.

HS8. Perceived heritage-value enhancement is positively associated with heritage stewardship

self-efficacy.
H9. Perceived heritage-value enhancement is positively associated with pro-heritage stewardship intention.

Flow experience (FLOW) refers to a state of focused attention, deep absorption,
temporal distortion, and immersion during interaction with the virtual guide. Sus-
tained absorption can create repeated opportunities to explore, understand, and suc-
cessfully navigate heritage information, which may in turn strengthen visitors” per-
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ceptions of their own capability. Longitudinal evidence further indicates that flow can
predict subsequent self-efficacy at several measurement occasions, supporting the pos-
sibility that absorbing experiences contribute to later capability beliefs [56]. Although
reciprocal dynamics between flow and self-efficacy have also been reported, the present
model focuses on the FLOW-to-HSSE direction because HSSE is conceptualized here as
an action-capability appraisal emerging from the heritage interpretive encounter. Flow
may also carry motivational involvement into stewardship intention. Nature-based
tourism research has found positive associations between flow and environmentally
responsible behavior [54], although other evidence indicates that flow may influence
pro-environmental intention indirectly through environmental attitudes rather than
always exerting a direct effect [57]. These findings suggest that the behavioral impli-
cations of flow may vary across contexts and may operate either directly or through
additional psychological processes. In the present study, however, flow occurs within
a heritage-centered interpretive encounter in which sustained involvement remains
connected to heritage meaning and responsibility. A positive relationship with PHSI is
therefore expected. Accordingly:

H10. Flow experience is positively associated with heritage stewardship self-efficacy.
H11. Flow experience is positively associated with pro-heritage stewardship intention.

Heritage stewardship self-efficacy concerns visitors’ confidence that they can undertake
feasible heritage-supporting actions. Social cognitive theory connects efficacy beliefs with
the initiation and persistence of action [26]. Within the present encounter, understanding
an appropriate response and believing oneself capable of carrying it out provide a basis for
intending to act. HSSE is therefore expected to be positively associated with PHSI. Accordingly:

H12. Heritage stewardship self-efficacy is positively associated with pro-heritage stewardship intention.

3. Materials and Methods
3.1. Research Design and Study Workflow

This cross-sectional study examined self-reported post-interaction perceptions of
Jinghui and their associations with heritage stewardship intention. It included no
alternative-guide or control condition and estimated no experimentally manipulated treat-
ment effect. The design cannot establish temporal ordering among these appraisals or the
superiority of Jinghui over another guide.

The study followed a three-step workflow (Figure 3). Step 1 developed the 24-path SOR
model, adapted the bilingual instrument, and assembled the screened survey dataset. Step
2 applied four complementary analyses: PLS-SEM estimated conditional associations, ANN
described fitted nonlinear input importance, Basis-KAN compared held-out prediction with
matched benchmarks, and NCA examined ceiling effects and bottlenecks. Step 3 interpreted
the results with checks on measurement quality, multiplicity, predictive validation, and
data provenance.
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Figure 3. Integrated research workflow linking model development, bilingual measurement, field
sampling, PLS-SEM, ANN, Basis-KAN benchmarking, NCA, and evidence synthesis. The synthesis panel
distinguishes association, input importance, prediction, and Holm-supported response-stage necessity.

3.2. Measurement Instrument

A structured questionnaire was administered in Chinese to measure visitors’ post-
interaction perceptions of Jinghui and their pro-heritage stewardship intention. The ques-
tionnaire consisted of three sections. The first section provided the study introduction and
completion instructions, including the research purpose, the academic use of the data, assur-
ances of anonymity and confidentiality, the estimated completion time, and a statement that
there were no right or wrong answers. The second section measured the ten constructs in the
research model: six perceived affordances of Jinghui, perceived heritage-value enhancement,
flow experience, heritage stewardship self-efficacy, and pro-heritage stewardship intention.
Each construct was measured with four items, resulting in 40 measurement items in total. All
measurement items were assessed using a seven-point Likert scale ranging from 1 = strongly
disagree to 7 = strongly agree. The third section collected demographic information, including
gender, age, education, occupation, and income. The constructs were specified reflectively:
each set of items represents manifestations of a common visitor appraisal or psychological
state, so the items are expected to covary. Reliability and convergent and discriminant validity
were evaluated to assess this specification.

Items were contextualized or developed for the present museum-guide setting with
reference to relevant literature. Table 1 identifies the development status and source basis
for each item. DC was contextualized from contingency research [28-30]; SGET items were
developed using transparency and explainability research [32-34]; ESP was contextualized
from social-presence research [37,39]; PCA from authenticity research [24,41,42]; and ANP
from personalization and adaptive-interpretation research [44—47]. PA items were developed
from visitor-agency research [49]. PHV was adapted to a perceived-enhancement formulation
using heritage-interpretation research [35,41,42], and FLOW was contextualized from flow
research [48,54]. HSSE was developed following domain-specific efficacy principles [26,58].
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PHSI items were developed for responsible heritage-supporting intentions, informed by
conservation-participation and pro-social intention research [17,59]. These references identify
measurement or conceptual foundations; the study-specific wording is not presented as an
unchanged, previously validated scale.

Table 1. Measurement items, development status, and source basis. Contextual adaptations use

study-specific wording; study-developed items are informed by the cited conceptual literature.

Construct Code Item Development and Source
Dialogic contingency DC1 ;F:kee%ulde s replies directly addressed the questions I had just Contextual adaptation [28-30]
The guide’s follow-up replies reflected relevant information .
b2 from earlier parts of our conversation. Contextual adaptation [26-30]
The guide changed its responses appropriately when I .
DC3 reﬁnid or redir;gcted my cﬁwstionsl.op P Y Contextual adaptation [25-30]
DC4 :)}(Lehca(r)lrggrsatlon remained coherent across successive Contextual adaptation [28-30]
‘Sourc'e—grounded SGET1 Th('e guide made the evidential basis of important heritage Study-developed [32-34]
epistemic transparency claims clear.
SGET2 I could tell wh1Fh information in the guide’s explanations Study-developed [32-34]
was grounded in museum or scholarly sources.
The guide made clear when information was uncertain,
SGET3 interpretive, or not fully established. Study-developed [32-34]
SGET4 Ie)f;i;l: ;ngse‘,};:z well supported the guide’s heritage Study-developed [32-34]
Embodied social ESP1 I felt as .though a goaally present guide was accompanying Contextual adaptation [37,39]
presence me during the visit.
ESP2 E}ifgﬁ;ﬁg;ﬁsﬁ;ﬁ;ﬁeﬁ?lal partner than a simple Contextual adaptation [37,39]
Bpy The guide's voico appestance, and behavior crealed 8 56NSC  Cpyexqual adaptation (377
ESP4 i e e, ocialpresence while Contextual adaptation [37,39]
Perceived cultural The guide’s interpretations felt faithful to the historical and . )
authenticity PCAL cultural context of the heritage. Contextual adaptation [24,41,42]
PCA2 }e};szﬁﬁggg;;g;gﬁ;gnd presentation used by the guide o ual adaptation [24,41,42]
The guide represented the meanings and traditions . )
PCA3 associated with the heritage in a respectful way. Contextual adaptation [24,41,42]
PCA4 Overall, the guide’s interpretation felt culturally authentic. Contextual adaptation [24,41,42]
Adaptive narrative ANPI The depth of explanation adapted to my level of prior Contextual adaptation [44-47]
personalization knowledge.
ANP2 :")t\;rg;lslscel: emphasized topics that matched the interests I Contextual adaptation [44-47]
The examples and comparisons used by the guide were TN
ANP3 tailored to help me understand the heritage. Contextual adaptation [44-47]
The pace and amount of information were adapted to the . »
ANP4 way I interacted with the guide. Contextual adaptation [44—47]
Participatory agency PA1 Ig;::[lecll. ((::lligtc}lle which heritage topics or objects to explore in Study-developed [49]
PA2 Lf(()):;ci) I(:11ec1c1e when to explore a topic further and when to Study-developed [49]
PA3 le\il()lg ecﬁ;l]c;s meaningfully influenced the direction of the Study-developed [49]
PAL I felt that I had meaningful control over how the experience Study-developed [49]

unfolded.
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Table 1. Cont.
Construct Code Item Development and Source
P.ercelved The experience deepened my recognition of the heritage’s Enhancement adaptation
heritage-value PHV1 B S )
historical significance. [35,41,42]
enhancement
The experience deepened my understanding of the heritage’s ~ Enhancement adaptation
PHV2 . - S
cultural, social, or spiritual significance. [35,41,42]
PHV3 The experience helped me recognize the relevance of this Enhancement adaptation
heritage to contemporary society and communities. [35,41,42]
The experience strengthened my recognition of the heritage’s ~ Enhancement adaptation
PHV4 e .
significance for future generations. [35,41,42]
Flow experience FLOW1 My attention remained fully focused during the interaction. =~ Contextual adaptation [48,54]
FLOW2 I became deeply absorbed in exploring the heritage content. =~ Contextual adaptation [48,54]
FLOW3 Igfleir;eporarlly lost track of time while interacting with the Contextual adaptation [48,54]
FLOW4 I felt ful.ly immersed in the experience throughout the Contextual adaptation [48,54]
interaction.
Heritage Stewardship I am confident that I can recognize situations or behaviors -
Self-Efficacy HSSEL that may threaten cultural heritage. Study-developed [26,58]
I am confident that I can make responsible choices when
HSSE2 interacting with cultural heritage. Study-developed [26,58]
HSSE3 Iam cpnﬁdent that I can take feasible actions that contribute Study-developed [26,58]
to heritage safeguarding.
I am confident that I can respond appropriately when I :
HSSE4 become aware of a heritage-related risk. Study-developed [26,58]
Pro-heritage I intend to behave responsibly when visiting or interacting :
stewardship intention PHSIL with cultural heritage. Study-developed [17,59]
PHSI2 Iintend to communicate he.n.tage 1r.1formatlon responsibly Study-developed [17,59]
and avoid spreading unverified claims.
PHSI3 I 1qtepF1 to support herltagg safeguard.mg or public-education Study-developed [17,59]
activities when opportunities are available.
PHSI4 If I become aware of a threat to heritage, I intend to respond Study-developed [17,59]

through an appropriate channel.

Where English-language source items were used, they were translated into Chinese
and back-translated following established procedures for cross-cultural research [60]. The
translated questionnaire was reviewed by six experts, including design professors and doctoral
researchers, who assessed the conceptual relevance, clarity, and contextual appropriateness
of the items. This procedure followed established recommendations for expert review and
preliminary scale development [61]. Their feedback was used to refine the item wording
and improve the applicability of the instrument to the museum and generative-Al context.
A preliminary pilot test was then conducted with 25 respondents to evaluate the clarity,
readability, and administration feasibility of the questionnaire. The pilot respondents were
excluded from the main survey and the final analytical sample. All final measurement items
were positively worded, and no reverse-coded items were included.

3.3. Participants and Data Collection

The study targeted adults reporting prior Jinghui use. Recruitment used Xiaohongshu
and WeChat invitations and on-site invitations at the Capital Museum from 15 May to 15
June 2026. At questionnaire entry, respondents were asked whether they had experienced
Jinghui; affirmative self-report formed the use-eligibility criterion. Respondents then
evaluated their reported experience and provided consent after receiving information
about the study purpose, voluntary participation, anonymity, and academic use. Use
eligibility was based on self-report rather than session-record verification.
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The survey yielded 532 questionnaires. Thirteen questionnaires were excluded during
screening because of duplicate submissions (1 = 6), incomplete responses (1 = 2), failure to meet
participant eligibility criteria (n = 3), and clearly patterned responding indicative of inattentive
completion (1 = 2). The final analytical sample comprised 519 cases, corresponding to a retention
rate of 97.6%. All retained cases contained complete responses to the 40 measurement items and
the corresponding ten construct means; no item-level missing-data imputation was required.
Table 2 summarizes the demographic characteristics of the final sample.

Table 2. Demographic characteristics of the respondents.

Variable Category Frequency (n) Percentage (%)
Gender Male 247 47.59
Female 272 52.41
Age 18-29 years 298 57.42
3040 years 165 31.79
>41 years 56 10.79
Education High school or below 49 9.44
Associate degree 119 22.93
Bachelor’s degree 257 49.52
Master’s degree or above 94 18.11
Occupation Student 64 12.33
Government or public-institution employee 138 26.59
Company employee 183 35.26
Freelancer or self-employed 108 20.81
Other 26 5.01
Monthly income or living expenses (RMB) <3000 54 10.40
3001-6000 149 28.71
6001-9000 168 3237
9001-12,000 103 19.85
>12,001 45 8.67
Total 519 100.00

3.4. Data Analysis

PLS-SEM used reflective Mode A blocks, path inner weighting, and standardized
item data in a reproducible Python 3.13.5/NumPy 2.2.6 implementation of the iterative
PLS algorithm [62]. All outer weights began at +1; normalized scores and weights were
updated until the largest absolute weight change was below 10~7, with a maximum of 3000
iterations. The full model comprised 24 paths. Participant-level bootstrap resampling used
5000 draws and seed 20261016; item standardization and the complete weight-estimation
algorithm were repeated within every draw. Signs were oriented to the positively keyed
indicators. We report bootstrap standard errors, 95% percentile intervals, two-sided normal-
approximation p-values from coefficient/standard-error ratios, and Holm-adjusted p-values
across all 24 tests. The latter are not empirical bootstrap tail probabilities. A matched 23-
path model omitting only PHV — HSSE provides a specification-sensitivity comparison
on the same data. Measurement assessment includes standardized and raw alpha, rho_A,
composite reliability, AVE, loadings, construct correlations, and HTMT with bootstrap
intervals. SRMR is calculated from the observed and model-implied item correlations.
Paired bootstrap coefficient contrasts assess uncertainty in close rankings. The separate
5000-resample HTMT procedure retains seed 20261010 from the submitted analysis. The
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equations test direct associations; formal indirect effects and sequential mediation were
not tested.

All substantive variables came from one post-interaction questionnaire. Procedural
separation of predictor and outcome blocks, construct-specific wording, and anonymous
participation reduced evaluation apprehension and demand cues. The first unrotated
component accounted for 17.7% of item variance, and full-collinearity VIFs based on
arithmetic-mean scores ranged from 1.10 to 1.48.

ANN analysis used four outcome-specific feed-forward networks: the six affordances
predicted PHYV; the six affordances plus PHV predicted FLOW; the six affordances plus PHV
and FLOW predicted HSSE; and PHV, FLOW, and HSSE predicted PHSI. Each network
had one sigmoid hidden layer with four, four, four, or two nodes, respectively, and a linear
output. Ten repeated holdouts used seeds 2026-2035. Each split assigned 363 cases to
development and 156 to testing; within development, 291 cases optimized the weights
and 72 supplied validation for early stopping. Input z-scores and target min-max scaling
were fitted exclusively on the optimization subset. Adam used a learning rate of 0.001,
batches of 32, an L2 weight penalty of 0.0001, and a maximum of 500 epochs. Training
stopped after 30 epochs without a validation-MSE improvement of at least 0.0000001,
and the best validation weights were restored. Testing data were used only for final
evaluation. RMSE was calculated on the optimization-derived target scale. After restoring
the best validation weights, training RMSE was evaluated on all 363 development cases,
including the 72 validation cases. The constant baseline predicted the outcome mean of
these same 363 development cases and was evaluated on the 156 test cases, alongside
testing R?. Input importance was the absolute signed sum of input-hidden—output weight
products, normalized to sum to one within each run, averaged across runs, and then
expressed relative to the largest mean importance within each outcome [63,64]. Predictors
and outcomes were arithmetic means of their four original-scale items, not PLS-weighted
scores. Per-run importance ranks, their observed ranges, and first-place counts summarize
split-and-training variability; they do not estimate population rank uncertainty.

The additive Basis-KAN implementation was compared with ridge regression and
boosted stumps using three repeats of five-fold cross-validation (seed 2026). Identical
folds and predictor sets were used for all three models within each outcome. PHV used
the six affordances; FLOW used the six affordances plus PHV; HSSE used the six af-
fordances plus PHV and FLOW; and PHSI used all six affordances and three organism
states. The Basis-KAN implementation summed fitted univariate expansions, with five
triangular piecewise-linear basis functions per predictor, knots spanning the training-fold
range, and a ridge penalty of 1. It was a restricted additive basis model, without learned
cross-predictor interactions or a multilayer KAN architecture. Predictor scaling and basis
construction were fitted within the training folds. Ridge used alpha = 1; boosted stumps
used 100 depth-one learners and a learning rate of 0.05. These settings were held fixed
across folds. The cleaned analytical data and analysis outputs are consolidated in Re-
viewer_Data_and_Analysis_Package.xlsx; the bilingual questionnaire and comprehensive
reproducibility archive are supplied separately.

Necessary-condition analysis used the four-item arithmetic means on the original
questionnaire scale, with CE-FDH and CR-FDH ceiling procedures [65,66]. The six affor-
dances were examined as conditions for PHV, FLOW, and HSSE, and the three organism
states as conditions for PHSI, giving 21 relationships per ceiling procedure. CE-FDH uses
the upper-left free-disposal frontier at unique coordinate pairs; CR-FDH fits an unweighted
regression through those unique frontier vertices. The empirical scope is the product
of the observed condition and outcome ranges. Each relationship used 10,000 outcome
permutations, seed 20261016, and p = (1 + number of permuted effects at least as large
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as the observed effect)/(10,001). Holm adjustment was applied separately to each 21-test
ceiling family. CR-FDH bottlenecks are expressed as percentages of the observed ranges.
Raw score ranges, frontier coordinates, ceiling equations, and scatterplots accompany the
numerical results. No fuzzy-set calibration was used.

4. Results
4.1. Measurement Model Assessment

Table 3 reports measurement estimates recomputed from the same 519-case item
dataset as the structural model. Standardized alpha ranged from 0.781 to 0.943, rho_A
from 0.800 to 0.948, composite reliability from 0.861 to 0.959, and AVE from 0.611 to
0.854. Loadings ranged from 0.601 to 0.941. HSSE1 had the lowest loading (0.601); the
four-item HSSE block nevertheless had composite reliability of 0.861 and AVE of 0.611.
Maximum HTMT was 0.447, and the largest upper 95% percentile-bootstrap bound was
0.523. Each square root of AVE exceeded the corresponding absolute between-construct
score correlations. Complete loadings, weights, correlations, and bootstrap results are
supplied in the supplementary workbook and analysis archive. HSSE’s comparatively
weak loading and reliability indicate a need to refine action-specific coverage, including
confidence in identifying risks, choosing an appropriate response, and carrying it out with
museum support.

Table 3. Measurement-model assessment.

Construct Standardized o rho_A/rho_C AVE Loading Range
DC 0.943 0.946/0.959 0.854 0.901-0.941
SGET 0.921 0.948/0.943 0.807 0.841-0.927
ESP 0.906 0.909/0.934 0.780 0.850-0.906
PCA 0.931 0.933/0.951 0.830 0.894-0.928
ANP 0.899 0.901/0.930 0.767 0.850-0.900
PA 0.892 0.895/0.925 0.755 0.832-0.902
PHV 0.886 0.898/0.921 0.745 0.800-0.904
FLOW 0.857 0.860/0.903 0.699 0.808-0.871
HSSE 0.781 0.800/0.861 0.611 0.601-0.852
PHSI 0.883 0.889/0.919 0.740 0.834-0.884

4.2. Structural Model Results

Table 4 and Figure 4 report the complete 24-path model. The algorithm converged in
six iterations; estimated-model SRMR was 0.039. Twenty-three coefficients were positive
and met nominal p < 0.05, but only 19 of the 24 tests retained significance after Holm
adjustment. PHV — HSSE was near zero and unsupported (f = —0.010, 95% CI —0.101 to
0.077, p = 0.823). ANP — HSSE, PA — HSSE, PHV — FLOW, and FLOW — HSSE were
positive at the nominal level but did not retain Holm significance. Thus, the data do not
support every proposed positive relationship.

For PHYV, fitted coefficients were DC 0.236, ANP 0.208, SGET 0.206, PCA 0.186, ESP
0.178, and PA 0.123. DC had the largest point estimate, while the close leading values
identify several jointly relevant candidates rather than a demonstrated superiority of one
feature. For FLOW, DC and PA had coefficients of 0.240 and 0.226, followed by SGET 0.194,
ESP 0.187, PCA 0.155, ANP 0.138, and PHV 0.108. The paired PA-minus-DC difference was
—0.014 (95% bootstrap CI —0.120 to 0.095), providing no evidence that their conditional
associations differ.
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Table 4. Structural-model results.

H Path B 95% CI t P Holm p

Hla DC — PHV 0.236 0.165, 0.309 6.435 <0.001 <0.001
DC —

Hib FLOW 0.240 0.166,0.314 6.382 <0.001 <0.001

Hilc DC — HSSE  0.139 0.047,0.229 3.001 0.003 0.019

H2a e 0.206 0.131, 0.285 5.208 <0.001 <0.001
PHV
SGET —

H2b FLOW 0.194 0.115,0.271 4.891 <0.001 <0.001
SGET —

H2c HSSE 0.192 0.112,0.271 4.709 <0.001 <0.001

H3a ESP — PHV  0.178 0.103, 0.253 4.716 <0.001 <0.001
ESP —

H3b FLOW 0.187 0.112,0.262 4.885 <0.001 <0.001
ESP —

H3c HSSE 0.127 0.043, 0.206 3.043 0.002 0.019

H4a PCA = 0.186 0.114, 0.255 5.111 <0.001 <0.001
PHV
PCA —

H4b FLOW 0.155 0.080, 0.229 4.128 <0.001 <0.001
PCA —

H4c HSSE 0.191 0.111,0.274 4.578 <0.001 <0.001

Hba ANP — 0.208 0.140, 0.280 5.806 <0.001 <0.001
PHV
ANP —

H5b FLOW 0.138 0.060, 0.214 3.499 <0.001 0.004
ANP —

H5c¢ HSSE 0.098 0.014,0.184 2.265 0.023 0.070

Hé6a PA — PHV 0.123 0.041, 0.200 3.039 0.002 0.019
PA —

Heéb FLOW 0.226 0.148, 0.309 5.380 <0.001 <0.001

Heéc PA — HSSE 0.083 0.007,0.163 2.112 0.035 0.070
PHV —

H7 FLOW 0.108 0.023,0.189 2.547 0.011 0.054
PHV — —0.101,

HS8 HSSE —0.010 0.077 —0.224 0.823 0.823
PHV —

H9 PHSI 0.267 0.192,0.343 6.958 <0.001 <0.001
FLOW —

H10 HSSE 0.116 0.023, 0.208 2.441 0.015 0.059

Hi11 FLOW — 0.249 0.173,0.324 6.410 <0.001 <0.001
PHSI
HSSE —

H12 PHSI 0.215 0.135,0.293 5.302 <0.001 <0.001

Note: = standardized coefficient. Intervals are 95% participant-bootstrap percentiles from 5000
complete PLS refits. p-values use two-sided normal approximations with bootstrap standard errors;
Holm p-values adjust the full family of 24 path tests. A positive hypothesis is supported only when
its direction and the stated significance criterion are both met.

In the HSSE equation, SGET and PCA had closely matched coefficients of 0.192 and
0.191. DC, ESP, FLOW, ANP, and PA had coefficients of 0.139, 0.127, 0.116, 0.098, and
0.083; PHV had 3 = —0.010. The paired PCA-minus-SGET contrast was —0.001 (95% CI
—0.110 to 0.111). Epistemic transparency and cultural authenticity are therefore jointly
relevant correlates of capability; their relative superiority is not established. PHV, FLOW,
and HSSE were positively associated with PHSI (3 = 0.267, 0.249, and 0.215), all retaining
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Holm significance. Paired intervals for differences among these response-stage coefficients
included zero, so their numerical ordering does not establish a population hierarchy.

Explained variance was 21.7% for PHYV, 27.6% for FLOW, 17.0% for HSSE, and 27.3%
for PHSI. A matched reduced specification omitting PHV — HSSE had corresponding
R? values of 0.217, 0.276, 0.170, and 0.273, and its HSSE — PHSI coefficient was 0.215.
Full-model HSSE — PHSI was also 0.215. The response-stage interpretation was therefore
stable under inclusion or exclusion of the unsupported PHV — HSSE relationship. Between
72.4% and 83.0% of organism-state variance and 72.7% of intention variance remained
unexplained. The results identify candidates for service evaluation rather than accurate
individual-level stewardship predictions.

a PLS-SEM path estimates b Explained variance

DC -> PHV

DC -> FLOW

DC -> HSSE

SGET -> PHV

SGET -> FLOW

SGET -> HSSE

ESP >
ESP ->
ESP -
PCA ->
PCA ->

PCA ->

ANP

ANP

ANP -

PHV

FLOW

> HSSE

PHV
FLOW

HSSE

> PHV
> FLOW
> HSSE

PA -> PHV

PA -> FLOW

PA -> HSSE

PHV -
PHV -

PHV -

> FLOW
> HSSE

> PHSI

FLOW -> HSSE

FLOW -> PHSI

HSSE -> PHSI

PHV

FLOW

o HSSE

Il 0170

PHSI

0.273

0.1

- R-squared

0.0 0.1 0.2 0.3 04

Standardized coefficient (95% percentile-bootstrap interval)

Figure 4. Complete 24-path PLS-SEM estimates and explained variance. Points show standardized
coefficients and lines show 95% percentile intervals from 5000 participant bootstrap samples. Dark
green identifies Holm p < 0.05, sage identifies nominal p < 0.05 only, and the coral cross marks the
unsupported PHV — HSSE hypothesis.

4.3. Artificial Neural-Network Analysis

Table 5 summarizes ANN performance across ten repeated holdouts. Mean train-
ing/testing RMSE was 0.169/0.171 for PHYV, 0.171/0.181 for FLOW, 0.172/0.182 for
HSSE, and 0.148/0.156 for PHSI. Testing RMSE was lower on average than the constant
development-mean baseline for each outcome; corresponding baseline errors were 0.184,
0.207,0.189, and 0.176. Mean testing R? was 0.118, 0.225, 0.066, and 0.208. HSSE had the
weakest held-out performance. Its ANN includes PHV and FLOW alongside the six affor-
dances. Small average training—testing gaps do not remove the substantial split variation,
particularly for PHV.
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Table 5. Ten-run artificial neural-network performance.

Outcome Inputs Training RMSE Testing RMSE Baseline RMSE Testing R? Top Input
PHV 6 0.169 £ 0.016 0.171 £ 0.013 0.184 £ 0.016 0.118 £ 0.106 DC
FLOW 7 0.171 £ 0.011 0.181 £+ 0.011 0.207 £+ 0.015 0.225 £ 0.069 PA

HSSE 8 0.172 £ 0.004 0.182 £ 0.008 0.189 £ 0.011 0.066 £ 0.071 SGET
PHSI 3 0.148 £ 0.013 0.156 £ 0.018 0.176 £+ 0.019 0.208 £ 0.058 PHV

Note: Mean + SD across ten repeated holdouts. RMSE is on the optimization-derived min—-max
target scale. Training RMSE is evaluated on all 363 development cases (291 optimization + 72
validation) after restoring the best validation weights. The baseline predicts the mean outcome of all
363 development cases and is evaluated on the 156 test cases. Testing R? is dimensionless.

The fitted mean-importance profiles differ by outcome (Figure 5). For PHV, DC was
100%, ESP 89.4%, ANP 89.3%, SGET 80.9%, PCA 63.4%, and PA 37.8%. For FLOW, PA was
100%, DC 91.1%, ESP 83.9%, SGET 74.2%, PCA 64.3%, ANP 58.9%, and PHV 54.3%. For the
eight-input HSSE model, SGET was 100%, PCA 98.3%, FLOW 81.0%, DC 74.9%, PA 47.6%,
ESP 46.7%, ANP 43.3%, and PHV 29.5%. SGET and PCA are closely ranked in this fitted
capability model and are treated as jointly relevant inputs.

ANN input-importance landscape

Fitted mean importance; darker outlines identify the highest mean within each outcome

° Output: PHV
e o S oc
100.0

° Output: HSSE
First in 4/10 runs
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PHV
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Figure 5. ANN mean normalized connection-weight importance across ten repeated holdouts. Each
outcome is normalized to 100% for its largest mean input importance. Panel subtitles report how
often that input ranked first; the supplementary rank table gives all per-run ranks and observed rank
ranges. These summaries represent split-and-training variability within the same 519 cases.

For PHSI, the mean normalized importances were PHV 100%, FLOW 95.9%, and HSSE
88.1%. All three occupied each of the first three positions across individual runs. PHV
ranked first in five runs, FLOW in three, and HSSE in two. The mean ordering describes
these networks, not a statistically established difference between the underlying constructs.
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Importance is normalized within each outcome; it is neither a share of explained variance
nor an effect size comparable across outcomes.

PLS-SEM and ANN give conditional descriptions of the same sample. DC has the
largest fitted mean or coefficient for PHV, but ranked first in only six of ten ANN runs. For
FLOW, PA has the largest mean ANN importance and DC the largest structural coefficient;
each ranked first in three ANN runs. For HSSE, SGET and PCA have near-identical
structural coefficients and mean ANN importances, and ranked first in four and three
runs. These results nominate responsive dialog, visitor agency, epistemic transparency, and
cultural authenticity for subsequent comparative testing. Agreement between analyses of
the same questionnaire is not independent validation or evidence that altering a feature
changes an outcome.

4.4. Basis-KAN Model Comparison

Figure 6 compares the additive Basis-KAN implementation with ridge regression
and boosted stumps under the same three-repeat, five-fold partitions. Each outcome and
model was evaluated on 15 held-out folds. Ridge had the highest mean held-out R? for
every outcome: 0.164 + 0.054 for PHV, 0.237 + 0.084 for FLOW, 0.125 4 0.052 for HSSE,
and 0.238 £ 0.068 for PHSI. The corresponding Basis-KAN values were 0.122 4 0.055,
0.175 + 0.087, 0.085 + 0.078, and 0.199 + 0.084. Basis-KAN’s mean R? was therefore lower
by 0.042, 0.062, 0.040, and 0.039, respectively. These comparisons establish the ordering of
mean performance under the evaluated specifications; fold-level SD describes dispersion
and is not a confidence interval for a model difference.

Held-out predictive benchmark landscape

o Predictive accuracy (held-out R?)

PHV

FLOW

HSSE

@ Rigge

° Held-out RMSE

FLOW

027 HSSE

PHSI

PHSI

° Outcome-specific model ranking

Figure 6. Matched repeated-cross-validation performance of ridge regression, additive Basis-KAN,
and boosted stumps. Points and intervals show mean + SD across 15 held-out folds; ranking uses
held-out RZ. RMSE is in original 1-7 arithmetic-mean questionnaire-score units. SD describes fold
dispersion, not a confidence interval for a between-model difference.

The error metrics gave the same practical conclusion. Mean RMSE for ridge versus
Basis-KAN was 0.530 versus 0.543 for PHYV, 0.456 versus 0.474 for FLOW, 0.394 versus 0.402
for HSSE, and 0.491 versus 0.503 for PHSI. Boosted stumps yielded mean R? values of 0.092,
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0.163, 0.080, and 0.218. Basis-KAN exceeded boosted stumps for PHV, FLOW, and HSSE,
but boosted stumps ranked above Basis-KAN for PHSI. The flexible additive basis model
thus occupied an intermediate position for the organism states and the lowest position
for the response. The results support ridge as the strongest tested benchmark for mean
predictive accuracy in this dataset.

The benchmark evaluates the predictive value of a specific additive basis represen-
tation. Five piecewise-linear functions per predictor allow each input to have a flexible
univariate relationship with the outcome, but the fitted model does not include cross-
predictor interaction terms. Its lower held-out performance shows that this additional
univariate flexibility did not improve prediction over the ridge specification. ANN impor-
tance addresses a separate question about input relevance. Its RMSE values are not directly
comparable with the benchmark because the analyses use different validation schemes,
outcome scales, and, for PHSI, predictor sets. The absence of a Basis-KAN gain, therefore,
does not contradict the outcome-specific ANN rankings.

4.5. Necessary-Condition Analysis and Bottlenecks

Figure 7 distinguishes ceiling effect sizes from observed-range bottlenecks. At nominal
p < 0.05, CR-FDH identified eight relationships. No individual affordance met this criterion
for PHV. For FLOW, ANP had d = 0.145 (p = 0.015) and PA d = 0.132 (p = 0.011). For HSSE,
the nominal relationships were DC d = 0.092 (p = 0.016), SGET d = 0.130 (p = 0.044), PCA
d =0.059 (p = 0.016), and PA d = 0.074 (p = 0.006). For PHSI, PHV had d = 0.225 and FLOW
d = 0.154 (both p = 0.00010); HSSE had d = 0.112 (p = 0.071) and did not meet the nominal
criterion. The supplied numerical outputs and scatterplots use the same arithmetic-mean
item scores.

CE-FDH identified the same eight nominally significant relationships. Its effects were
0.162 and 0.139 for ANP and PA in the FLOW equation; 0.117, 0.194, 0.078, and 0.089 for
DC, SGET, PCA, and PA in the HSSE equation; and 0.264 and 0.182 for PHV and FLOW
in the PHSI equation. Agreement between the two ceiling procedures preserves the main
descriptive ordering, including the largest necessity effect for PHV in relation to PHSI. Both
procedures use the same observations, so their agreement is a sensitivity check on ceiling
specification rather than an independent replication.

Holm adjustment across the 21 tests in each ceiling family retained only PHV and
FLOW for PHSI, with adjusted p = 0.0021 for both relationships under CE-FDH and CR-
FDH. The other six nominal relationships did not retain familywise significance and remain
exploratory. Permutation p-values use a declared seed and a finite-permutation correction
with a lower bound of 1/10,001.

The CR-FDH bottlenecks describe minimum condition levels along the estimated
ceilings. At the 70% PHSI target, the levels were 36.7% for PHV and 18.3% for FLOW; at
90%, they rose to 55.4% and 58.6%; and at 100%, to 64.7% and 78.8%. FLOW’s estimated
requirement increased more steeply toward the upper end of PHSI, while PHV had the
larger overall necessity effect. These metrics capture different features of the ceiling: effect
size summarizes the excluded region, whereas a bottleneck identifies a condition level at a
particular outcome target. HSSE's estimated levels of 49.5% at the 90% target and 73.7% at
100% are descriptive.

The exploratory FLOW and HSSE bottlenecks are retained in the supplement, includ-
ing the observed score ranges and six ceiling scatterplots. For the two Holm-retained
response-stage relations, Figure 8 plots all 519 observations and both ceiling procedures.
PHYV ranged from 3.75 to 7, FLOW from 4.25 to 7, and PHSI from 3.5 to 7. The 70%, 90%,
and 100% PHSI targets correspond to raw mean scores of 5.95, 6.65, and 7.00. A 90% target
required estimated CR-FDH PHV and FLOW levels of 55.4% and 58.6% of their observed
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ranges. These percentages are positions in a sample-specific score range, not percentages of
visitors or universal questionnaire cut-points.

Necessity effects and observed-range bottlenecks

Nominal signals and Holm-supported constraints are shown separately

a | CR-CE effect-size agreement Condition — outcome | status
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b | CR-FDH condition levels across outcome targets
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Percentages use observed score ranges; NN = no estimated bottleneck at that target.

Figure 7. CR-FDH and CE-FDH necessity effects and CR-FDH bottlenecks. Letters identify eight
relationships with nominal p < 0.05. Dark outlines mark PHV and FLOW for PHSI, which remain
significant after Holm adjustment. Bottleneck percentages use observed condition and outcome
ranges; NN indicates no estimated bottleneck at the target.

NCA ceilings for the two Holm-retained relationships
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Figure 8. Observed-range NCA scatterplots for PHV — PHSI and FLOW — PHSI, the two rela-
tionships retained after Holm adjustment. All 519 respondents are represented; point area encodes
repeated score pairs. Solid lines identify CE-FDH and CR-FDH ceilings. Dotted guides locate the
90% PHSI target and its CR-FDH condition level. PHV measures perceived experience-related
enhancement of value recognition.
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The necessity interpretation follows the item content. PHV bottlenecks concern re-
ported experience-related enhancement of heritage-value recognition, not an absolute level
of heritage value. They do not imply that a knowledgeable visitor who reports little ad-
ditional enhancement lacks stewardship motivation. PHV and FLOW retained empirical
ceiling constraints within this sample, while HSSE was positively associated with inten-
tion without meeting the necessity criterion. Conditional association, fitted importance,
held-out accuracy, and ceiling constraints remain distinct forms of evidence.

5. Discussion

5.1. Main Findings and Interpretation
5.1.1. Extending the S-O-R Framework from Product Evaluation to Stewardship Intention

The complete model provides a differentiated rather than uniformly supported account
of post-interaction appraisals. Nineteen of the 24 relationships retained Holm significance,
four additional positive paths met only the nominal criterion, and PHV — HSSE was
unsupported. The strongest response-stage evidence combines positive associations of
PHYV, FLOW, and HSSE with intention and sample-specific necessity evidence for PHV
and FLOW. This distinguishes complementary motivational appraisals without validating
every theoretical connection.

Compared with earlier SOR research on GenAl-enabled museum cultural and creative
products [67], the present study examines a different encounter and outcome. The earlier
work centered on product novelty, originality, cultural congruence, and purchase intention;
here, visitors evaluated guide affordances after interacting with a deployed system, and the
outcome was stewardship intention. This extends the use of SOR from product appraisal to
museum interpretation. The cross-sectional design supports associations among constructs,
not a temporal or causal sequence.

5.1.2. Differentiated Roles of Museum-Guide Affordances

DC has the largest point estimate and mean ANN importance for PHV, while ESP
and ANP occupy closely spaced subsequent ANN positions. SGET ranks fourth in the
PHV ANN model and is positively associated with PHV in PLS-SEM; these results do
not identify it as the dominant PHV input. The profile is consistent with responsive,
socially legible, and adaptive interpretation accompanying perceived enhancement of
heritage-value recognition. PCA is also positively associated with PHV. Visitor-perceived
authenticity remains distinct from independently assessed historical accuracy.

For FLOW, DC and PA are jointly relevant candidates. Their point estimates and fitted
ANN ordering differ, but the paired coefficient-difference interval includes zero and each
ranks first in three of ten ANN runs. ANP and PA have nominal NCA constraints that
do not survive multiplicity adjustment. These results justify evaluating conversational
continuity and meaningful visitor control together, rather than declaring one the superior
design intervention.

For HSSE, SGET and PCA have closely matched structural coefficients and ANN
mean importances. Their paired coefficient contrast gives no evidence of a difference.
Both are candidates for capability-oriented design, while FLOW and responsive dialog
also remain relevant fitted inputs. PHV’s unsupported direct coefficient indicates that
perceiving enhanced heritage understanding does not, by itself, establish confidence in
feasible action after the other predictors are considered.

5.1.3. From Visitor Experience to Stewardship Intention

PHYV, FLOW, and HSSE are positively associated with PHSI, with coefficients of 0.267,
0.249, and 0.215. The mean ANN ordering is the same, but per-run ranks vary and paired
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coefficient differences include zero. PHV and FLOW retain necessity evidence under both
ceilings and Holm adjustment; HSSE does not. The evidence therefore distinguishes the
presence of a positive capability-intention association from an individual necessity constraint,
rather than demonstrating that capability is less valuable as an intervention target.

This result is consistent with social cognitive theory, which emphasizes perceived
capability as an important basis for action [26,58]. Related heritage-tourism work examines
pro-social compliance with health guidelines through norms and anticipated emotions [59];
that context supplies conceptual comparison, not validation of a conservation-stewardship
scale. A broader meta-analysis of tourism and hospitality research similarly shows that
sustainable behavioral intentions are associated with multiple psychological antecedents,
although their relative importance varies across contexts [68]. The present study adds a
capability-based perspective by examining whether visitors believe that they can identify
heritage-related risks and take feasible action.

PA is positively associated with the organism states at the nominal level and has the
largest mean ANN importance for FLOW; its HSSE path does not retain Holm significance.
Its nominal necessity effects also remain exploratory. Meaningful visitor choice is therefore
a testable candidate for absorption-oriented design, rather than an established causal
priority. Subsequent interface studies can compare choices that alter interpretive depth,
direction, or evidence while recording visitors’ actual use.

5.1.4. How the Complementary Analyses Refine the Findings

ANN and Basis-KAN address different predictive questions. ANN ranks relative input
importance, whereas the additive Basis-KAN benchmark tests held-out accuracy against ridge
and boosted stumps. Agreement between PLS-SEM and ANN on the same questionnaire does
not independently validate a design priority. Ridge achieved a higher mean held-out R? than
the evaluated Basis-KAN implementation for every outcome. Thus, distinct importance profiles
do not establish that a flexible basis model improves predictive accuracy.

Under identical repeated folds, ridge regression achieved the highest mean held-out
R-squared for PHV (0.164), FLOW (0.237), HSSE (0.125), and PHSI (0.238), compared with
Basis-KAN values of 0.122, 0.175, 0.085, and 0.199. The ten-run ANN rankings remain
informative about relative input relevance, but the Basis-KAN comparison favors the
simpler linear benchmark for prediction in this sample.

NCA further distinguishes robust response-stage constraints from exploratory
affordance-stage patterns. PHV and FLOW retained necessity evidence for PHSI under both
ceilings and multiplicity adjustment. ANP and PA for FLOW, and several affordances for
HSSE, met only the nominal significance criterion. These ceilings describe sample-specific
restrictions on high outcomes.

5.2. Theoretical Contributions

The affordance-based model distinguishes interpretive qualities that a single system-
quality score would combine. Dialogic responsiveness had the largest fitted coefficients
for perceived heritage-value enhancement and flow; epistemic transparency and cultural
authenticity were closely ranked for capability. Paired contrasts do not establish superiority
among the leading coefficients. Visitor agency had the highest mean ANN importance for
flow. These findings refine the psychological content of the SOR framework by differentiat-
ing outcome-specific associations and fitted importance profiles. The unsupported PHV
— HSSE path limits the proposed organism sequence. The necessary-condition results
add robust ceiling constraints at the stewardship-intention stage, while the predictive
benchmark gives no evidence that the evaluated additive basis representation improves
accuracy over ridge.
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The study also extends the focal outcome beyond adoption and continued use. PHSI
captures intended responsible visitation, accurate communication, support for safeguard-
ing, and appropriate responses to risk. PHV, FLOW, and HSSE were each associated with
intention, while PHV and FLOW also retained necessity constraints. The contribution is an
account of stewardship motivation that distinguishes perceived capability from perceived
experience-related enhancement of heritage-value recognition and experiential absorption.
The data support these relationships within the specified model.

Source-grounded epistemic transparency is the study’s most heritage-specific conceptual
addition. In this setting, transparency concerns whether visitors can recognize the museum or
scholarly basis of a heritage claim, distinguish established information from interpretation, and
notice uncertainty. The measure captures visitor perception and does not independently vali-
date factual accuracy or cultural legitimacy. The four analyses separate association, nonlinear
importance, held-out predictive accuracy, and necessary constraints.

5.3. Practical Implications

Museums can use the outcome-specific profiles to formulate comparative interface
tests. Responsive dialog and visitor control are closely ranked candidates for absorption,
while evidential transparency and cultural coherence are closely ranked candidates for per-
ceived capability. PHV, FLOW, and HSSE are each positively associated with stewardship
intention; PHV and FLOW also retain sample-specific ceiling constraints. These results
support evaluating how interpretation makes heritage significance intelligible, sustains
involvement, and connects visitors with feasible actions. They do not establish which single
interface change produces the greatest benefit.

Source-grounded epistemic transparency requires usable evidence at the point of
interpretation. Museums can attach a concise source card to a consequential factual claim,
identify the relevant object or collection record, and offer access to the supporting catalog
entry or scholarly source. Established information, curatorial interpretation, and contested
accounts should be clearly distinguished. When approved sources do not support an
answetr, the guide should identify the gap and direct the visitor to an appropriate museum
resource. Curators should maintain versioned source records and audit whether gener-
ated claims remain linked to their evidence. SGET and PCA have closely matched HSSE
coefficients and ANN mean importances. Evidential transparency and cultural coherence
should therefore be evaluated jointly in capability-oriented interface tests. Perceived trans-
parency and authenticity should be assessed alongside expert checks of factual accuracy
and cultural appropriateness. Altaf’s bibliometric analysis places human oversight and
accountable deployment within the broader development of human-in-the-loop Al [69].
For museum interpretation, we propose retaining curatorial responsibility for approving
sources, reviewing generated claims, and correcting errors.

Conversational design should preserve the visitor’s line of inquiry across turns. DC has
the largest fitted PHV point estimates and is closely ranked with PA for FLOW. The guide
should retain the current object, question, and interpretive context; ask targeted clarification
questions when an inquiry is ambiguous; and repair a misunderstanding without restarting
the encounter. Visitors should also be able to request the reasoning behind an explanation
or compare alternative interpretations. QA can test multi-turn continuity, successful repair,
and consistency between a response and its cited evidence. Because ESP ranked third in
ANN importance for FLOW, voice, text, and embodied cues should remain synchronized
and intelligible. Coherent interaction is a candidate indicated by these sample-specific
results; the evaluation should focus on continuity and comprehension.

Personalization should be directed by consequential visitor choices. PA had the highest
mean importance in the fitted FLOW ANN profile, while ANP and PA showed exploratory
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ceiling constraints for high FLOW. Interfaces can offer topic and depth controls, a clear route
back to the museum’s core explanation, and the option to compare perspectives supported
by approved sources. A visitor’s selection should change the content or direction of explo-
ration, and those changes should remain visible. Adaptation should preserve evidence and
curatorial boundaries across different narrative versions. The exploratory NCA bottlenecks
can guide hypotheses for subsequent interface testing, but the observed percentages do
not provide universal deployment thresholds. Usability tests should establish whether
the choices are understandable, reversible, and effective for visitors with different prior
knowledge and digital skills.

Stewardship prompts should connect heritage meaning to an accessible action. PHV,
FLOW, and HSSE were positively associated with PHSI, while PHV and FLOW retained
sample-specific necessity evidence. PHV here concerns perceived experience-related en-
hancement of value recognition. A subsequent interface test can examine an interpretive se-
quence that explains why an object or practice matters, invites sustained exploration of that
significance, and then offers an appropriate next step. Examples include museum-approved
advice on responsible visitation, a verified resource for sharing heritage information, an
education or volunteer program, or a channel for reporting a specific risk. HSSE's positive
relationship with PHSI supports making the requested action concrete: explain what the
visitor can do, how to do it, and where institutional support is available. These are design
proposals derived from the intention findings; their effects on actual stewardship require
behavioral evaluation.

Evaluation should combine interpretive quality with evidence of use and action.
Museums can audit claim accuracy and source coverage, assess whether visitors understand
and control the guide, and track voluntary uptake of the verified stewardship options.
Follow-up evaluation should distinguish stated intention, opening a resource, enrolling
in an activity, and completing an action. Interaction records should be retained only with
an appropriate purpose, consent, and data minimization. For prediction, ridge is the
first benchmark warranted by the present comparison; added model complexity should
demonstrate an improvement on independent visitors or another museum before adoption.
The modest explained variance and held-out R? values favor evaluation at the service level
rather than treating a model score as an individual visitor’s stewardship propensity.

5.4. Limitations of the Study

The main limitation concerns the research design. The study used cross-sectional self-
reports obtained after reported Jinghui use, and no alternative guide or control condition
was included. The findings, therefore, describe associations among visitors’ perceptions
and intentions, but cannot establish that Jinghui caused changes in those responses or
performed better than another form of guidance. They also do not establish the temporal
ordering implied by the S-O-R framework or provide a formal test of sequential mediation.

The generalizability of the findings is limited by the sampling and research setting.
Participants were recruited through convenience sampling from one museum through
online and on-site channels. The sample was concentrated among visitors aged 18—40
and participants with a bachelor’s degree or above. The findings should therefore not
be assumed to represent all museum visitors, particularly those with different levels of
education, museum experience, digital literacy, or familiarity with generative AL Reported
prior use was not verified against session records, and the data cannot establish individual
exposure duration or timing.

A further limitation concerns the measurement approach. All constructs were mea-
sured through one positively worded self-report questionnaire at one time point. Common
method variance, social desirability, respondents” immediate affect, and a general positive
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evaluation of Jinghui may therefore contribute to the predominantly positive path pattern.
A statistical diagnostic can indicate whether method variance is severe under a particular
model, but it cannot remove this design limitation. Several constructs were adapted for this
context and require replication with independent samples and alternative measurement
sources. Perceived cultural authenticity is a visitor judgment of cultural coherence, not
evidence of historical accuracy or curatorial legitimacy; those properties require indepen-
dent expert and community assessment. PHSI measures stated intention, not observed
stewardship behavior. PHV records retrospective perceived enhancement and does not
establish an objective pre—post change. Future HSSE measurement should use concrete
action scenarios and external task criteria to determine whether the present four items
adequately capture feasible, responsible action in a museum-AlI setting.

Finally, all predictive and necessity findings require independent validation. Ten ANN
runs and repeated Basis-KAN folds characterize variation within one sample. The rank
tables describe split-and-training variability, not population confidence intervals. Paired
PLS coefficient contrasts do not establish superiority among closely ranked inputs. The
benchmark evaluates one fixed additive implementation and differs from ANN in its PHSI
predictor set, validation design, and outcome scaling. NCA bottlenecks depend on the
observed range, ceiling specification, and tie convention; they should not be deployed as
universal intervention thresholds.

5.5. Directions for Future Research

For future prospective studies, we propose a standardized protocol to verify partici-
pants’ use of Jinghui before questionnaire completion. Consenting adults would interact
with the system for at least six minutes, completing four question—answer exchanges in-
volving an exhibit query, a follow-up question, an explanation adjustment, and a request for
sources or clarification of uncertainty. Access route, device, interaction duration, and task
completion would be recorded using anonymous identifiers. Participants would complete
the 40-item questionnaire within ten minutes after interaction, with predefined eligibility,
duplication, completeness, and attention checks. Future research should establish the causal
and behavioral implications of the proposed relationships. Preregistered field experiments
could compare Jinghui with a conventional guide, a less embodied interface, or alternative
levels of source transparency and personalization. Pre- and post-interaction measures
would help clarify temporal changes, while follow-up studies could examine responsible
information sharing, participation in educational or volunteer activities, or reporting of
heritage-related risks. Where appropriate, behavioral measures could be combined with
interaction records collected with participants’ informed consent.

The model should also be replicated across museums, heritage types, visitor groups,
and cultural settings. Future studies could examine whether cultural authenticity, per-
sonalization, social presence, and agency operate differently according to visitors” age,
prior knowledge, digital literacy, language, and the cultural sensitivity of the heritage
being interpreted. Cross-group measurement invariance and independent assessments by
curators or heritage communities would help determine whether the constructs remain
stable beyond the present sample.

Future research should validate the ANN rankings, Basis-KAN performance, and
NCA bottlenecks in independent museums and preregister architectures, data partitions,
hyperparameters, and calibration choices. Cross-site studies can test whether the same
affordances remain structurally important, predictively dominant, and necessary across
heritage types and visitor populations.
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6. Conclusions

This study extends the evaluation of museum-grounded generative-Al guides to
heritage stewardship motivation. Analysis of 519 questionnaires from adults reporting prior
use linked six perceived guide affordances to perceived heritage-value enhancement, flow,
and stewardship self-efficacy, and linked these organism states to stewardship intention.
Dialogic contingency had the largest fitted coefficients for value enhancement and flow,
whereas epistemic transparency and perceived cultural authenticity were closely ranked
for capability. The restored direct value-enhancement-self-efficacy path was unsupported.
The findings identify distinct interpretive and experiential profiles within the proposed
SOR model.

ANN, Basis-KAN, and NCA clarify the analytical roles of these relationships. ANN
mean importance followed the PHV, FLOW, and HSSE ordering for stewardship inten-
tion, with rank variation across runs. The matched benchmark favored ridge in mean
predictive accuracy over the evaluated additive Basis-KAN implementation. NCA retained
constraints for PHV and FLOW in relation to high intention under both ceiling procedures
and multiplicity adjustment, while affordance-level bottlenecks remained exploratory. The
combined evidence separates conditional association, input importance, held-out accuracy,
and sample-specific necessity.

For museum practice, the findings inform tests of traceable heritage claims, sustained
contingent dialog, and consequential visitor control within curatorial boundaries. These
functions connect interpretation to perceived enhancement of meaning, involvement, and
capability associated with stewardship intention. Their implementation should be evalu-
ated through independent checks of interpretive quality and subsequent visitor actions.
The study contributes an integrated evaluation of generative-Al interpretation in which
cultural accountability and visitor experience are linked to stewardship motivation without
equating stated intention with observed protection behavior.
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