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Figure 1: Overview of the proposed Temporal-Event—Geographic mapping method: (A) embodied narrative checkpoints, (B) inter-

pretive data islands, and (C) situated scaled environments.

ABSTRACT

Virtual reality is widely used for cultural heritage, but many sys-
tems prioritize spatial reconstruction over the interpretation of het-
erogeneous historical evidence. We present a generative design
method that classifies heritage data by narrative role—temporal,
event-based, and geographic—and maps these roles to embodied
narrative checkpoints, interpretive data islands, and situated scaled
environments. We instantiate the method in a Silk Road VR pro-
totype and conduct a preliminary study with six participants. Par-
ticipants reported that user-triggered progression clarified historical
sequences, and object-based analogies made event-related informa-
tion more memorable. They also relied on interpretive and orien-
tation cues to connect embodied actions with historical meaning.
These findings suggest that embodied data storytelling is most ef-
fective when interaction is paired with concise interpretive support.

Index Terms: Virtual reality, cultural heritage, data storytelling.

1 INTRODUCTION

Virtual reality (VR) has become an important medium for cultural
heritage, enabling visitors to enter reconstructed sites, inspect ar-
tifacts, and access places that are distant, lost, fragile, or other-
wise inaccessible. Many VR heritage systems focus on spatial re-
construction, artifact presentation, or virtual museum exploration.
These approaches can provide strong presence, visual engagement,
and access to reconstructed heritage environments. However, pre-
vious work also suggests that immersive cultural heritage systems
still face challenges in interpretation, authenticity, and the commu-
nication of historical context [2]. This is important because cultural
heritage is often supported by heterogeneous forms of evidence, in-
cluding dates, routes, events, biographies, object circulation, envi-
ronmental conditions, quantitative records, and uncertain interpre-
tations [12]. Therefore, designing VR heritage experiences requires
more than reconstructing places or displaying artifacts. It also re-
quires methods to transform heritage evidence into interpretable
narrative experiences.

This evidential nature of cultural heritage connects VR heritage
design with data-driven storytelling. Narrative visualization has de-
veloped mature techniques for communicating evidence on screens,
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such as timelines, maps, charts, annotations, and guided story struc-
tures [11, 1]. Immersive analytics suggests that VR can support
spatial engagement, bodily interaction, and presence in data inter-
pretation [3]. However, turning all heritage data into 3D objects
may reduce data legibility and make exact relationships harder to
understand. This tension is especially important for non-expert au-
diences, who may benefit from immersive experience but still need
clear explanations, comparisons, and narrative guidance.

To address this challenge, we propose a generative method that
classifies cultural heritage evidence by its narrative role rather than
its media format. The method distinguishes temporal, event-based,
and geographic evidence and maps them to corresponding embod-
ied narrative forms, as summarized in Fig. 1. We instantiate the
method in a standalone Silk Road VR prototype and conduct a pre-
liminary study with six participants to examine interpretation, in-
teraction, navigation, and embodied understanding.

This work makes three contributions. First, it offers an evidence-
based data storytelling perspective for designing VR experiences of
cultural heritage beyond reconstruction-centered presentation. Sec-
ond, it proposes a design method as a generative framework to
translate heterogeneous heritage evidence into narrative VR inter-
actions. Third, it provides a prototype-based case study and pre-
liminary user feedback that illustrate how embodied interaction can
support cultural heritage interpretation when paired with clear nar-
rative structure.

2 RELATED WORK
2.1 Cultural Heritage in Virtual Reality

VR has been widely used in cultural heritage to support virtual mu-
seums, historical reconstruction, artifact presentation, and access
to distant or inaccessible sites. However, cultural heritage VR still
faces an important interpretive challenge. Rahaman and Tan ar-
gued that many digital heritage projects are overly focused on visual
products or technical processes, while paying insufficient attention
to interpretation and end-user understanding [10]. Windhager et
al. further showed that cultural heritage collections form complex
information spaces involving heterogeneous data, such as objects,
temporal structures, spatial relations, and cultural contexts [12].
Recent research has increasingly moved beyond reconstruction
toward embodied and contextual storytelling. Yu et al. em-
ployed narrative analysis and contextual storytelling to commu-
nicate the historical context surrounding intangible cultural her-
itage in VR [14]. From a broader design perspective, Polydorou
synthesized three immersive productions into a methodology that
emphasizes active participation, multisensory engagement, frag-



mented narratives, and the use of technology to expand narrative
space [9]. These studies demonstrate a shift from presenting her-
itage objects toward involving audiences in situated processes of
interpretation and meaning-making. However, they primarily pro-
vide case-specific designs or principles for structuring an immersive
experience as a whole. They offer limited guidance on how het-
erogeneous evidence within the same heritage narrative should be
differentiated and translated into distinct representational and inter-
action forms. Our work addresses this gap by classifying heritage
evidence according to its narrative role rather than its media type.

2.2 Embodied Data Storytelling

Recent work in immersive analytics and immersive data story-
telling [8] extends data stories into spatial environments. Immersive
visual data stories use presence and embodied engagement while
retaining the communicative goals of data storytelling [3], while
data physicalization and visceralization translate abstract quantities
into object-like forms, bodily scale, and spatial experience [4, 5].
Recent systems further demonstrate these possibilities. TimeTables
supports embodied exploration of spatio-temporal data [15], Spaces
to Think shows how immersive workspaces enable spatial strategies
during sensemaking [7], and 3DStoryline organizes temporal, spa-
tial, and narrative relationships within VR [13].

These studies indicate that immersive space and embodied in-
teraction can make complex information more concrete and sup-
port spatial organization. However, existing work mainly focuses
on analytical datasets, individual visualization structures, or gen-
eral learning environments. It provides limited guidance on how
heterogeneous cultural heritage evidence should be mapped to dif-
ferentiated but coherent narrative forms. Our method addresses this
gap by classifying evidence according to its narrative role and in-
tegrating embodied representation with interpretive and orientation
support.

3 DESIGN METHOD

We classify heritage evidence according to its narrative function.
Evidence may primarily organize historical sequence, contextual-
ize a bounded event or theme, or communicate spatial relationships.
These roles imply different representational and interaction require-
ments in VR, leading to the three mappings shown in Fig. 1.

3.1 Embodied Narrative Checkpoints

Temporal data include biographies, historical stages, dynastic
changes, war processes, journeys, and other materials that depend
on sequence, progression, and causality. In screen-based data sto-
rytelling, such data are often represented through timelines, ani-
mated maps, or scrollytelling structures. In VR, however, passive
playback may reduce users’ sense of agency, while unrestricted
exploration may interrupt the intended historical sequence. Prior
work on narrative visualization suggests that effective data stories
often balance author-driven sequencing with reader-driven interac-
tion [11, 6].

To balance authorial control and user agency, we map temporal
data into embodied narrative checkpoints. A narrative checkpoint
refers to a key moment in the temporal sequence that users actively
trigger through a simple and low-cost interaction. Its purpose is not
to introduce complex gameplay, but to allow users to participate in
the pacing of the story. Each checkpoint can advance the temporal
sequence, activate narration, change visual states, or reveal new ev-
idence. In this way, the design preserves the authorial structure of
historical progression while giving users a sense of actively mov-
ing the story forward. The main design principle is that temporal
data should not merely be displayed as a static timeline; it should
become an embodied rhythm of user-triggered progression.

3.2 Interpretive Data Islands

Event-based data concerns historical events or cultural themes that
involve multiple forms of evidence, including people, objects, lo-
cations, quantities, causes, and consequences. Their primary nar-
rative function is to communicate contextual relationships within a
bounded topic. To organize such materials in VR, we propose the
concept of interpretive data islands.

An interpretive data island is a spatially bounded unit that as-
sembles related evidence around a specific event or theme. It can
include models, object analogies, physicalized data representations,
visualizations, captions, and narration. This approach builds on
data physicalization, which suggests that data can become more ac-
cessible when represented through object-like or spatial forms [4].
By allowing users to approach, inspect, compare, and listen within
a focused space, the data island structure helps connect visual rich-
ness with interpretive purpose.

The main risk is that object-rich scenes may become visually
attractive but interpretively weak. An effective data island must
therefore make the relationships among objects, quantities, and his-
torical meaning explicit.

3.3 Situated Scaled Environments

Geographic data include routes, cities, mountains, coordinates, dis-
tance, elevation, terrain barriers, and spatial relationships. Such
data are often represented through 2D maps, but cultural heritage
stories may require users to understand how geography shapes
movement, exchange, risk, and encounter. Immersive analytics sug-
gests that spatial environments can support data understanding by
allowing users to engage with data through bodily movement and
spatial perception [3]. We therefore map geographic data into situ-
ated scaled environments.

A situated scaled environment is an abstracted and scaled repre-
sentation of a heritage geography that users can enter and explore.
Within this environment, key places can be marked by culturally
recognizable landmarks, while routes and terrain provide spatial
structure. To prevent disorientation, a real-time mini-map can serve
as an orientation anchor, showing the user’s current position, vis-
ited areas, and route direction. For data such as elevation, embod-
ied actions such as climbing, moving upward, or comparing ver-
tical forms can make height differences experientially meaningful,
aligning with prior work on VR’s potential to visceralize scale and
physical quantity [5].

The main risk is that users may experience the environment as a
landscape without understanding its geographic structure. Situated
scaled environments should therefore connect first-person explo-
ration with an overview of routes, locations, and relative scale.

4 USER STUDY

To examine how the proposed method works in practice, we im-
plemented a VR prototype and conducted a preliminary user study.
The goal of the study was to gather early feedback on whether the
method can support interpretable, embodied, and narratively coher-
ent cultural heritage data experiences in VR. The study also aimed
to identify design issues related to interaction, onboarding, naviga-
tion, motion comfort, and the relationship between embodied expe-
rience and data interpretation.

4.1 Prototype

We developed a VR prototype (Fig. 2) for Quest headsets using
the Silk Road as a case study. The case was selected because
it combines temporal development, event-centered evidence, trade
objects, routes, landmarks, terrain, and quantitative geographic in-
formation. The prototype was implemented in Unity and supports
teleportation, object manipulation, controller-based interaction, and
climbing. It consists of an introductory scene and three content



Figure 2: The screenshots of the Silk Road VR prototype implement-
ing the three components of the proposed method: temporal pro-
gression, event-based interpretation, and geographic exploration.

components corresponding to the proposed design methods. The in-
troductory scene helps users become familiar with basic controller
operations and provides access to the three main components.

The temporal component presents historical development and
related narrative paths through interactive maps, staged narration,
and user-triggered checkpoints. While preserving the chronologi-
cal order of historical events, this component allows users to ac-
tively advance the narrative, with scene content changing in re-
sponse to different times. The event component organizes trade-,
transportation-, and epidemic-related content into interpretive data
units. These units combine object models, physicalized data analo-
gies, visualized quantities, and narration to explain specific histori-
cal themes. Users can interact with objects within each unit, while
voice-over narration and text panels provide contextual explanation.
The geographic component transforms routes, cities, mountains,
and elevation data into a scaled environment. Users can identify
the relative locations and elevation differences of key cities through
landmark models, use a mini-map for orientation, and experience
the elevation differences among three major mountain ranges along
the Silk Road through climbing.

4.2 Participants and Procedure

We recruited six participants (four females and two males), aged be-
tween 22 and 33 years. Participants had diverse educational back-
grounds, and four had prior experience using VR headsets. None of
the participants had professional expertise in Silk Road history.
Each session followed four steps. First, participants received a

brief introduction to the study purpose and basic VR controls. Sec-
ond, they entered the introductory scene, where they could become
familiar with the interaction mechanism and select different content
components. Third, participants experienced the temporal, event-
based, and geographic components of the prototype. They were en-
couraged to explore the scenes naturally while paying attention to
the historical narratives, data representations, and interaction mech-
anisms. Finally, after the VR experience, participants completed a
semi-structured interview based on their experience and reflections.

The interview collected both background information and re-
flective feedback. It asked participants to evaluate their under-
standing of the Silk Road’s history, geographic information, and
trade dynamics after the experience. Additional questions focused
on perceived interactivity, ease of navigation, confusing moments,
changes in understanding, the most engaging parts of the experi-
ence, and suggestions for improvement. This combination of ques-
tions was intended to assess not only general user experience, but
also whether the prototype helped users connect interaction with
heritage data interpretation.

4.3 Results

Overall, participants responded positively to the prototype. They
reported that the combination of scenes, narration, and interac-
tion helped them develop a more concrete understanding of the
Silk Road’s historical events, trade activities, and geographic in-
formation. These comments suggest that the proposed method can
support cultural heritage data storytelling when each interaction is
clearly connected to a narrative or data function. However, the re-
sults also show that immersion and interaction alone are insuffi-
cient; users need explicit guidance to understand what each action,
object, or spatial representation means.

For the temporal component, participants found that interactive
maps and user-triggered progression helped organize the histori-
cal sequence. This dimension provided a clear narrative struc-
ture, enabling users to actively progress through different historical
stages rather than relying solely on passive playback. Meanwhile,
the checkpoint-based presentation also helped users understand the
temporal span between stages more intuitively. As one participant
explained, “triggering the next stage by myself made me pay more
attention to the order of events.” Another participant commented
that the changing maps and narration, “It helped connect the differ-
ent stages of the person’s life, and the timeline format allowed me to
see the duration of each key stage clearly.” This supports the design
goal of balancing author-guided sequencing with user participation.

For the event component, participants found the thematic spaces
and object analogies memorable. The use of models and physical-
ized data objects helped connect abstract information with recog-
nizable forms. This was especially useful for quantities or histori-
cal relationships that might otherwise remain distant from everyday
experience. For example, one participant commented on the object-
based comparison: “The corresponding number of cola bottle mod-
els in the scene helped me clearly understand just how much water a
camel can drink at once.” At the same time, participants also needed
stronger explanatory anchors to understand why particular objects,
quantities, or scenes were grouped together. One participant ex-
plained, “Some objects were interesting, but I still needed more text
or voice explanation to understand why they were placed together”.
This suggests that interpretive data islands should not only contain
engaging objects, but should also include captions, legends, voice-
over, or prompts that explicitly explain the relationship between the
objects and the historical evidence.

For the geographic component, climbing and moving through
the scaled terrain were among the most engaging parts of the expe-
rience. Participants responded positively to the mountain-climbing
interaction because it transformed elevation data into a bodily com-
parison. One participant stated, “Climbing mountains allowed me



to perceive the height difference much more intuitively than simply
seeing a number, and it left a deep impression on me”. This sup-
ports the idea that VR is particularly suitable for representing data
related to scale, height, distance, and movement. However, partic-
ipants also needed orientation support to understand their position
within the larger route. The mini-map helped users reconnect first-
person exploration with an overview of the Silk Road geography.
As one participant noted, “The mini-map helped me understand
my orientation and location, while the landmark models gave me
a stronger perception of the elevation differences among multiple
cities.” This is consistent with prior work on worlds-in-miniature
techniques, which use scaled overviews to support navigation and
spatial awareness in virtual environments. The result suggests that
geographic data in VR should combine embodied exploration with
orientation aids, rather than relying on immersion alone.

The study also revealed several cross-cutting design issues. First,
interaction should be treated as an interpretive mechanism. Partic-
ipants often remembered actions such as climbing or manipulat-
ing objects, but these actions supported understanding only when
their data meaning was clear. This finding is consistent with prior
work suggesting that interaction in immersive storytelling should
be connected to learning and narrative goals rather than treated as
an isolated feature. Second, embodied data experiences require
explanatory anchors. Mini-maps, captions, scales, narration, and
highlighted values help users translate bodily experience back into
data interpretation.

Finally, participants suggested that future versions could in-
clude more dynamic environmental responses synchronized with
narration. Although the prototype included interactive objects and
data representations, some environmental elements remained rela-
tively static. One participant suggested that “the environment could
change more with the voice-over, so the story feels more alive.” An-
other participant wanted “clearer hints about what to do next and
what changed after an interaction.” These comments point to the
need for more responsive animation, clearer interaction cues, and
stronger coordination between narration and environmental change.

5 DISCUSSION AND CONCLUSION

This work presents a method for embodied data storytelling in cul-
tural heritage VR. The method does not prescribe a fixed set of
scenes or interactions. Instead, it helps designers derive interac-
tion strategies from the narrative role of heritage evidence. Tem-
poral data can be transformed into embodied narrative checkpoints,
event-based data into interpretive data islands, and geographic data
into situated scaled environments. In this way, the method sup-
ports a shift from asking “what content should be shown in VR?”
to “what role does this evidence play in the heritage narrative, and
how should users experience it?”

The Silk Road prototype suggests that this approach can con-
nect narrative structure, spatial experience, and data interpretation.
User feedback indicates that interactive maps helped organize his-
torical progression, object-based analogies made event-related in-
formation more memorable, and climbing-based interaction made
elevation differences easier to perceive. However, the study also
shows that embodiment alone is not sufficient. Users still need ex-
planatory anchors, such as narration, captions, labels, mini-maps,
and highlighted values, to understand what an interaction or spatial
representation means.

This work has several limitations. First, the prototype is based
on a single case study. Although the Silk Road is well suited to the
method because it includes several kinds of evidence, other cultural
heritage topics may require different adaptations. Second, the user
study was preliminary and involved only six participants.

Future research should conduct larger and more systematic eval-
uations. Useful measures may include comprehension tasks, de-
layed recall, spatial orientation, engagement, cognitive load, pres-

ence, and usability. A controlled study could compare the proposed
VR data story with a screen-based data story, a conventional virtual
museum, or a reconstruction-centered VR experience. Such com-
parisons would help clarify whether the benefits come from im-
mersion itself, from explicit narrative-data mapping, or from the
combination of both.
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