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Abstract

The digital transformation of Cultural Heritage is increasingly shifting from documentation-oriented practices toward immersive,
learner-centered educational experiences. In this context, Virtual Reality (VR) represents a powerful medium for enhancing access-
ibility, engagement, and knowledge acquisition. This paper presents the development of an immersive VR educational experience
focused on Roman architecture, using the old theatre of Palmyra (Syria) as a case study. The project aims to transform high-quality
digital reconstructions of endangered and partially destroyed heritage into an interactive learning environment, preserving collective
memory while fostering cultural awareness. The methodological framework builds upon existing photogrammetric reconstructions
of Palmyra, generated through spherical photogrammetry, which are optimized for real-time visualization and integrated into a VR
ecosystem developed in Unity. A five-level architecture, based on comprising infrastructure, platform, content, interaction, and ap-
plication, guides the design process, ensuring both technical performance and pedagogical effectiveness. The virtual environment
incorporates semantic enrichment, interactive navigation, contextual information panels, and guided thematic paths to promote ex-
periential and active learning. The study highlights how immersive VR applications can bridge digital reconstruction and education,
shifting users from passive observers to active participants. The proposed approach demonstrates the potential of VR-based cultural
experiences as inclusive and sustainable tools for heritage education, as an added value that complements traditional, non-immersive
teaching methods. Future work will focus on evaluating learning outcomes and user experience through an experimental framework
involving students, comparing virtual and real-world educational activities.

1. Introduction formed experiences. Such environments allow learners to ex-
plore cultural spaces under guided frameworks that support re-
flection, contextual understanding, and knowledge construc-
tion. At the same time, immersive VR experiences serve as
powerful tools for raising awareness about the preservation and
enhancement of CH, particularly for sites and artifacts that are
endangered, inaccessible, or at risk due to environmental, so-
cial, or political factors (Hajirasouli et al., 2021). By fostering
emotional engagement and experiential understanding, VR can
promote cultural sensitivity and long-term awareness of herit-
age conservation issues.

Consequently, VR-based CH applications represent not only in-
struments for documentation and preservation, but also plat-
forms for meaningful educational innovation aligned with the
United Nations 2030 Agenda, particularly Goals 4 (Quality
Education) and 10 (Reduced Inequalities). This study investig-
ates how digital reconstruction can evolve into immersive edu-
cational environments by emphasizing User Experience Design
(UXD) as a key factor in the effectiveness, engagement, and
sustainability of VR systems for CH education. Through the
lens of immersive guided learning, the research explores how
UX-driven design choices can enhance learning outcomes, ac-
cessibility, and user satisfaction within immersive educational
contexts.

The digital transformation of Cultural Heritage (CH) has pro-
gressively expanded from documentation and visualization to-
ward experiential, learner-centered forms of engagement. In
recent years, immersive technologies such as Virtual Reality
(VR), along with Augmented Reality (AR) and Mixed Real-
ity (XR), have enabled new educational paradigms that place
users at the center of cultural experiences. Rather than pass-
ively observing heritage artifacts or sites, learners can now in-
teract with reconstructed environments, exploring cultural nar-
ratives through participation and embodied experience (Silva
and Teixeira, 2021); (Innocente et al., 2023). This shift sup-
ports deeper cognitive and emotional involvement, reinforcing
learning through exploration, discovery, and contextual immer-
sion.

The widespread adoption of digital heritage solutions during
and after the COVID-19 pandemic further underscored the im-
portance of accessibility, inclusion, and remote learning in both
education and cultural dissemination (Lu et al., 2022). As
physical access to museums and heritage sites became lim-
ited, virtual tours emerged as viable and sustainable altern-
atives (Nespeca et al., 2023), capable of democratizing cul-
tural knowledge beyond geographical and socio-economic con-
straints. Beyond functioning as substitutes for on-site visits,
VR-based CH experiences increasingly contribute to alternative
forms of didactic learning, supporting structured educational

2. Related Works

pathways that extend traditional classroom practices.

In this context, VR enables immersive guided learning, where
users are not merely visitors, but active learners engaged
through narrative-driven, interactive, and pedagogically in-

Recent studies in immersive education have increasingly ex-
amined the comparative role of real, virtual, and mixed en-
vironments in supporting learning processes. (Mitrakas and
Tsihouridis, 2025) provide a structured analysis of inquiry-
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based learning across real, virtual, and mixed reality settings,
demonstrating that the simultaneous and bidirectional interac-
tion between physical and digital elements can significantly en-
hance motivation, conceptual understanding, and learning out-
comes. Their findings underline how mixed and immersive
environments are most effective when learning activities are
guided through structured tasks, worksheets, and pedagogical
scaffolding, rather than relying solely on free exploration. Al-
though this work is situated within science education, it offers
important methodological insights for CH contexts, particularly
regarding the value of guided interaction and the complement-
ary role of real and virtual experiences.

Similarly, (Richter et al., 2025) explore immersive XR applic-
ations for paleontology education, emphasizing the role of 3D
digitization, virtual museums, and customizable XR environ-
ments in enabling experiential learning where direct access to
real artifacts is limited. Their work highlights how immersive
VR and XR applications can support observation, exploration,
and engagement with complex cultural and scientific objects,
while also addressing challenges related to usability, perform-
ance, and accessibility. However, learning is largely framed
as exploratory and experience-driven, with limited emphasis
on explicit instructional guidance or narrative-driven learning
structures, leaving open questions regarding how immersive en-
vironments can systematically support knowledge construction
beyond engagement and visualization.

Building upon these educational foundations, previous research
has widely investigated the use of VR, XR, and virtual exper-
iences for the visualization, preservation, and dissemination of
CH. Comprehensive surveys, such as (Bekele et al., 2018);
(Quattrini et al., 2020), outline how immersive technologies
enhance realism, spatial understanding, and accessibility, pos-
itioning VR as a transformative medium for cultural heritage
communication. A systematic review examines how Digital
Transformation Technologies (DTTs) are reshaping museum
exhibitions by enhancing design engagement, accessibility, and
data-driven visitor experience management (Li et al., 2024).
It highlights the current gap in linking specific technologies
to concrete application scenarios, particularly the educational
one the current paper deals with. More recent contributions
emphasize the emergence of XR ecosystems and metaverse-
oriented frameworks that integrate immersive technologies into
CH education, highlighting standards, architectures, and tech-
nological strategies aimed at enhancing user engagement and
experiential quality (Anwar et al., 2025); (Frontini et al.,
2026). Similarly, virtual museums and Unity-based applic-
ations demonstrate how immersive environments can balance
cultural authenticity with interactive exploration (Hu and Xie,
2025), while XR-based documentation practices are increas-
ingly adopted to safeguard endangered or lost heritage and pro-
mote open-access dissemination (Di Stefano et al., 2022).
Alongside technological development, several studies address
the educational potential of immersive CH environments. XR
experiences have been shown to foster active learning, emo-
tional engagement, and exploratory behaviors in art and herit-
age education (Dafiotis et al., 2025); (Puggioni et al., 2021).
In parallel, recent research highlights the growing importance
of UXD and evaluation frameworks in assessing immersive ap-
plications. (Liu et al., 2025) demonstrate that learning effective-
ness in CH VR is strongly influenced by the alignment between
interaction design, User Experience (UX), and learning object-
ives, while XR-driven evaluation frameworks seek to measure
perceptual realism, engagement, and human-centered interac-
tion (Stacchio et al., 2024). Nevertheless, in many of these
works, learning outcomes remain implicit or secondary to us-

ability and engagement metrics.

Despite this extensive body of literature, a significant gap per-
sists in the systematic integration of immersive guided learn-
ing within virtual CH experiences. Although prior studies fre-
quently compare learning in real, virtual and mixed environ-
ments or emphasize free exploration and visual fidelity, they
rarely articulate how immersive virtual experiences can be in-
tentionally designed as pedagogically structured experiences
that support reflection, contextual understanding, and progress-
ive knowledge construction. In particular, the educational role
of guidance, through narrative, instructional cues, or learning-
oriented interaction design, remains underexplored within CH
VR experiences.

The present work addresses this gap by framing the virtual ex-
perience not merely as a visualization or access tool, but as
an immersive guided learning environment for CH. Moving
beyond a purely comparative analysis between real-world and
VR-based learning, the proposed approach integrates UXD and
pedagogical intent to actively engage users as learners rather
than passive visitors. By embedding guidance, narrative struc-
ture, and reflective interaction into the immersive experience,
this contribution extends current research by demonstrating
how VR-based experiences can support deeper experiential un-
derstanding, foster cultural awareness, and promote long-term
sensitivity toward CH conservation and valorization.

3. Materials and Methods

This activity is developed within the EU project XR Culture -
eXplore Reuse 3D cultural heritage within the Data Space (ht-
tps://xrculture.eu/), which defines multiple use cases addressing
different application domains. Among these, XR for Education
is the specific scenario discussed in this work, serving as a test-
bed to investigate how immersive guided environments can sup-
port educational learning and enhance user engagement in CH
contexts.

This research project follows a structured methodological ap-
proach, schematically represented through a workflow illus-
trated in Fig. 1.

The educational experience is intended for students and pro-
fessionals in the field of CH, within a structured educational
context. The main objective is to test and compare XR tools
for immersive education with traditional non-immersive teach-
ing methods, in order to evaluate their effectiveness in terms of
learning outcomes and user acceptance.

Our goal is to compare learning outcomes, considering both
qualitative feedback and quantitative results. Specifically, this
scenario will involve a frontal lecture complemented by an im-
mersive XR experience, allowing students to directly engage
with digital CH assets. This will be followed by an online sur-
vey to gather comprehensive data on their learning vitrual ex-
perience. In this scenario, VR is not intended to replace tradi-
tional teaching methods, but to act as a complementary tool,
enriching the educational experience with immersive guided
learning.

3.1 Asset optimization of selected 3D CH asset

The first step of the research is to develop a 3D model, designed
to enhance knowledge of Roman architecture. By digitally re-
constructing its monuments and space, particularly the Roman
Theatre.

The Roman Theatre of Palmyra, in Syria, has been chosen as
the selected case study for the educational experiment. The
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Figure 1. Methodological workflow.

choice of this monument is motivated by its architectural rel-
evance as a representative example of Roman architecture and
by its historical significance as tangible evidence of the pres-
ence and influence of the Roman Empire in the Middle East.
The didactic experiment specifically aims to foster an under-
standing of this architectural typology, its spatial organization,
and its role within the urban and cultural context of old Roman
city of Palmyra. The project offers also users the opportunity
to engage with CH that has been partially damaged or lost as a
consequence of the Syrian civil war. In this way, the 3D recos-
ntruction ensures continued access to collective memory while
raising awareness of the importance of CH preservation.

The methodological framework builds upon the digital legacy
of previous 3D reconstruction initiatives devoted to the doc-
umentation of endangered Syrian architectural heritage. The
primary source data originate from the extensive work carried
out by Professor Gabriele Fangi (12020), who employed spher-
ical photogrammetry to document (Fig. 2) and digitally recon-
struct the architectural remains of Palmyra and other other at-
risk Syrian archaeological and historical sites, which have been
included in the UNESCO List of World Heritage in Danger
since 2013 (https://whc.unesco.org/en/danger-list/). As repor-
ted in (Fangi et al., 2022), this approach enabled the production
of accurate and metrically reliable 3D models even under con-
ditions of limited physical accessibility, establishing a robust
foundation for digital preservation practices.

o, 4> g

Figure 2. Spherical panorama of the Roman Theatre of Palmyra
(Syria), created by Professor Fangi (2011).

The available dataset, described in (Forte et al., 2025), consists
exclusively of a source file in .blend format, namely a native file
of Blender software (Fig. 3). Consequently, the initial phases
of the workflow are carried out directly within this environ-
ment. Starting from this file, the first step involves cleaning the
model by removing all elements not required for immersive ex-
perience, such as pre-existing lights, cameras, and animations,
which are not functional for integration into the game engine.
Subsequently, the model undergoes a process of mesh simpli-
fication and reduction (retopology), aimed at significantly de-
creasing the polygon count, from a high-poly (31,271,731 faces
- 3,0 GB) to a low-poly model (653,783 faces - 66 MB), while

preserving a geometric quality suitable for the architectural in-
terpretation of the monument. Polygon reduction is therefore
performed by seeking the best possible compromise between
model lightness and the preservation of relevant architectural
details.

Once the geometric simplification is completed, attention shifts
to the reconstruction of materials and textures, a necessary step
since the materials originally present in the file are not compat-
ible with the standards required by a real-time rendering engine.
For this phase, BlenderKit is used, a free and open-source add-
on integrated into Blender that provides an online library of as-
sets and PBR (Physically Based Rendering) materials. Through
BlenderKit, the final materials are created based both on avail-
able library resources and on original photographs of the site,
with the aim of maintaining high visual coherence and an ad-
equate level of visual fidelity.

After completing the geometric optimization and material
definition phases, the model is exported in .fbx format, pre-
serving the subdivision into the original sub-objects rather than
merging the entire structure into a single mesh. This ap-
proach allows the preservation of a modular model structure,
in which architectural elements, such as the scenae frons with
its columns and capitals, as well as portions of the cavea, are
managed as distinct objects, thereby facilitating subsequent in-
teraction and implementation phases.

Figure 3. 3D model of the Roman Theatre of Palmyra shown in
Blender environment prior to optimization.

3.2 Storyboard definition

The design of the educational experience is grounded in the
development of a structured storyboard, which represents the
foundational framework for both the immersive and the non-
immersive teaching modalities. The storyboard serves as a
guiding tool to define the didactic content, narrative structure,
and logical progression of the lesson, ensuring coherence and
comparability between the two instructional approaches.

Didactic contents are defined ad hoc through close collabora-
tion with high-school lecturers and art history experts, with the
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aim of identifying key concepts, architectural elements, and in-
terpretative themes that are pedagogically relevant and appro-
priate for both teaching formats (Fig. 4). This shared content
framework ensures that the immersive and non-immersive les-
sons follow the same conceptual and narrative thread, differing
only in the mode of presentation and interaction.

TOPIC - SCENE VIEW - SPACE ‘ LEARNING GOAL
Overview 360° top view of the theatre what a Roman theatre is, origins
Case Study Roman Theatre of Palmyra historical & geographic context

Architecture exploded 3D elements identify structural and architectural parts

Construction materials and stone blocks building techniques

Function orchestra - cavea social and cultural role

Figure 4. Didactic contents and narrative basic structure of the
storyboard for the Roman theatre lesson.

3.3 Immersive Guided Learning Experience

3.3.1 Technical aspects and hardware infrastructure.
The development of the educational VR modules relies on a
standardized XR stack to ensure high performance, broad hard-
ware compatibility, and ease of deployment in a classroom set-
ting. Specifically, the adopted stack combines the use of stan-
dalone VR technologies, selected to enable practical and imme-
diate use in educational environments, with an OpenXR frame-
work that allows the application to be decoupled from specific
hardware platforms if needed, and a real-time development en-
gine that brings the entire context together into a single pipeline
capable of supporting both the technical and educational re-
quirements of the experience.

A standalone VR hardware solution is adopted to support edu-
cational and training activities in virtual environments. The
use of standalone VR headsets eliminates the need for external
devices such as dedicated PCs, reducing logistical complex-
ity and facilitating deployment, distribution, and management
of the experience in classroom and learning settings. Among
the currently available standalone VR headsets, Meta Quest
3 is selected as it is considered suitable for the development
of prolonged immersive virtual experiences, thanks to a good
visual resolution and an autonomy compatible with educational
sessions of medium duration. However, the use of a stan-
dalone platform entails certain limitations, particularly in terms
of computational power and performance, which are strongly
influenced by the complexity of the 3D models employed. For
this reason, mesh simplification and 3D asset optimization oper-
ations are fundamental to ensure the stability of the experience
and user comfort. The choice of the Meta Quest 3 standalone
hardware is also influenced by the development environment,
which can currently be considered dominant for the develop-
ment of VR applications.

For the final implementation of the VR experience, it is neces-
sary to adopt a development environment capable of coherently
integrating all the components of the project, including data, 3D
models, design choices, and interactive content. For this pur-
pose, a game engine is used as the central tool for assembling
and managing the entire experience. Specifically, Unity is se-
lected, as it is one of the most widely used game engines world-
wide and is extensively adopted for the development of VR ap-
plications, particularly in research contexts and independent de-
velopment (Carrozzino et al., 2025).

Within Unity, the previously optimized 3D model is imported
and validated in relation to the adopted rendering system. To
ensure stability and adequate performance on standalone hard-
ware, the Universal Render Pipeline (URP) is used, as it is con-
sidered particularly suitable for the development of real-time

VR experiences. Once the correct functioning of the model
within the rendering engine is verified, the educational visrtual
experience is built around it, following the design choices de-
scribed in the dedicated section.

The management of navigation, interactions, and user behavior
is handled through scripts developed in the Csharp program-
ming language, together with the components provided by the
game engine, which allow control over user movement, the ac-
tivation of educational stations, and the logic governing the pro-
gression of the experience.

Finally, the adopted development environment allows for nat-
ural integration with the OpenXR standard enabling the applic-
ation to remain compatible with different hardware platforms
and supporting the replicability and portability of the VR ex-
perience.

3.3.2 Scene-based Structure. From a design perspective,
the storyboard allows the VR experience to be planned in
a controlled manner, managing the sequence of scenes, the
overall duration, and the user’s cognitive load. In particular, it
defines a limited total duration of approximately 15 minutes, in
order to avoid excessive information density and to ensure an
adequate level of comfort for users who may not be accustomed
to immersive technologies or prolonged use of VR headsets.
The experience is subdivided into distinct scenes and differenti-
ated exploratory phases, each dedicated to specific educational
objectives and content units. In this context, a scene is intended
as an autonomous logical unit, designed to perform a specific
function within the overall flow of the experience and to
support the controlled progression of educational content,
similarly to how scenes in video games correspond to different
levels.

The experience is structured into three main macro-scenes,
arranged in sequence, each characterized by different elements.
Specifically, an initial tutorial scene, an introductory scene, and
a scene dedicated to the guided experience are provided. This
subdivision allows the user to be progressively accompanied
from the familiarization phase with the environment and
interactions, to the contextualization of the content, and finally
to the guided exploration of the architectural and historical
elements under study.

The functions and educational objectives associated with each
scene are following outlined, highlighting their role within the
overall structure of the virtual experience.

The virtual experience starts with the Tutorial Scene, as
an initial phase of orientation and familiarization of the user
with the immersive environment. This scene represents the first
contact with the virtual environment and aims to accompany
the user in the transition toward the virtual guided experience,
reducing possible initial difficulties related to the use of the
VR headset and interactions. Subsequently, the tutorial scene
progressively introduces the main commands and interaction
mechanisms, explaining how to move within the virtual
environment and how to interact with the elements present in
the scene. The tutorial is supported by introductory panels,
visual content, and short explanatory videos that clearly and
progressively illustrate how to use the commands. The narrat-
ive content is presented through multiple modalities, verbal,
visual, and audio, in order to enhance accessibility and ensure
an inclusive virtual experience. In particular, the integration
of written text with visual elements allows users with hearing
impairments to fully access the content, while audio support
further enriches comprehension for a wider audience (Fig. 5).
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Figure 5. The Tutorial Scene, showing the introductory panels
and visual guidance provided to the user.

Once the Tutorial Scene is completed, the experience moves to
the Introductory Scene characterized by a top-view perspective
of an old Roman theatre, in this case placed in the archaeolo-
gical area of Palmyra (Fig. 6). The user is positioned above the
CH asset, offering an overall view of the architectural complex
and an initial understanding of the theatre’s spatial organiza-
tion. After a few seconds from entering the scene, an intro-
ductory audio is triggered, accompanied by a summary textual
panel, which provides an initial introduction and sets the con-
text of the experience, in order to prepare the user for the guided
path. During the introductory scene, the user’s movement is in-
tentionally limited: the user cannot move within the space but
can freely orient their gaze to observe the surrounding environ-
ment. At the end of the introduction, the user can interact with
the panels present in the scene to proceed to the next phase of
the virtual guided experience.

Figure 6. An overview of the Introductory Scene, showing the
top-view perspective of the Roman Theatre of Palmyra.

Finally, the experience enters the Guided Station-Based Scene
(Fig. 7), which represents the central part of the entire educa-
tional virtual experience. It is within this scene that the main
educational activities take place, organized in the form of se-
quential stations, as a micro-lesson dedicated to a specific topic
related to the knowledge of the Roman Theatre.

The stations are designed to be experienced in a predefined and
sequential order, in order to ensure a controlled progression of
the content. The user begins the educational path from the ex-
terior of the theatre and is guided toward the first station through
visual indicators highlighting the area of interest to be reached.
Entering the area of interest automatically triggers the start of
the lesson, while the end of the "learning pill” is signaled to the
user through a dedicated message, inviting them to proceed to
the next station. To avoid interruptions or situations of stalling
during the experience, a fallback mechanism has been intro-
duced: if the user does not reach the next area of interest within

Figure 7. Interior perspective of the Theatre of Palmyra from a
Guided Station-Based Scene.

a predefined time interval, a warning message is displayed no-
tifying the imminent automatic teleportation to the next station.
This solution ensures the continuity of the educational experi-
ence, preventing the user from getting lost in the space or the
educational experience from being interrupted.

This operational scheme is repeated for each station until the
completion of the entire guided immersive educational experi-
ence. At the end the user receives a notification indicating the
conclusion of the educational virtual experience. However, the
experience is not immediately terminated, allowing the user, if
desired, to remain within the virtual environment and freely ex-
plore it even after the lessons have ended, until the VR headset
is removed.

3.3.3 Guided Learning Stations. The educational immers-
ive guided experience is structured into four learning stations,
designed as sequential micro-lessons and based on the previ-
ously defined storyboard, which establishes the educational
contents explained throughout the experience.

The user begins the virtual experience outside the theatre, a
design choice intended to reinforce the notion of a guided
learning experience, progressively accompanying the user from
the exterior toward the interior of the architectural spaces. At
the start of the scene, the user is notified of the need to reach the
first station, thus initiating the educational virtual experience in
accordance with the planned narrative.

Station no. 1 — Historical and geographical context:

The first station is dedicated to a general introduction to the ar-
chaeological site of Palmyra. In this phase, the user receives an
initial micro-lesson illustrating the historical and geographical
context. In addition to the introductory audio and a summary
textual panel, a geographical map is displayed, showing the
localization of old city of Palmyra and highlighting its role
within the Roman Empire in the Middle East, thus providing an
initial historical background of the archaeological site (Fig. 8).

Station no. 2 — Structural analysis of the theater:

The second station is located inside the theater, placing the
user in the middle of the orchestra, after crossing the threshold
of the building throughout a gallery as the main entrance of
the old theater. The micro-lesson focuses on the structural
analysis of the Roman Theater of Palmyra, with particular
attention to its main architectural components (Fig. 9). During
the explanation, architectural elements are visually highlighted
using distinct colors, enabling users to easily connect the verbal
description with each element. At the same time, a summary
panel offers brief descriptions of the analyzed elements, using
the same color coding to reinforce understanding and memory.
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Figure 8. Excerpt of Station no. 1 from the VR experience
focused on the historical background and geographical context
of old city of Palmyra.

Figure 10. Excerpt of Station no. 3 from the VR experience
where a capital is isolated from the structure and presented to the
user to support close-range analysis and material comparison.

Figure 9. Excerpt of Station no. 2 from the VR experience
showing the visual highlighting of selected structural elements
of the Roman Theatre of Palmyra.

Station no. 3 — Architectural details analysis:

The third station is positioned near the stage (scenae frons) of
the Roman Theatre and introduces a more in-depth level of ana-
lysis focused on architectural details. In this phase, a capital of
the a column, belonging to the structure of the scenae frons, is
isolated from the context and brought in front of the user, as-
suming an appearance similar to a hologram, in order to facilit-
ate close observation (Fig. 10). The user can analyze the capital
at close range and modify the visualization mode, switching
from a stylized representation to a more realistic visualization
of the original material. Also in this station, the micro-lesson
is supported by audio and a summary panel, which synthesizes
the main information related to the observed detail.

Station no. 4 — Role of the theatre and conclusion:

The final station is located in correspondence with the cavea
(Fig. 11) and represents the concluding phase of the educational
guided virtual experience. In this station, a final micro-lesson is
proposed on the role of the Roman Theatre of Palmyra within
the old city and its civil and social functions.

The lesson concludes with an overall synthesis of the addressed
contents, accompanied by audio, informational panels, and am-
bient sounds recalling a theatrical atmosphere, contributing to
reinforce engagement and to close the experience in a coherent
and immersive manner.

3.3.4 User Experience Strategy. The design of the exper-
ience is guided by a user-centered approach, with the aim of
accompanying the user along the educational virtual experience
in a clear and progressive manner, while avoiding any percep-
tion of forced or rigid interaction. The adopted strategy seeks to
achieve a balance between freedom of exploration and control
of the educational flow, in order to ensure both user comfort and

Figure 11. Excerpt of Station no. 4 from the VR experience with
a view from the cavea of the Roman Theatre of Palmyra.

the continuity of the learning experience.

Movement within the virtual environment is therefore free, al-
lowing the user to explore the space in a natural way. How-
ever, this freedom is embedded within a guided path, structured
through sequential stations that define the order in which the
contents are presented. If the user does not reach the next sta-
tion within a predefined time interval, the system automatically
intervenes through a teleportation mechanism, preventing inter-
ruptions or deadlock situations. In this way, the user remains
free to move within the space, while the educational path main-
tains a controlled progression.

Orientation and progression management is handled through
visual markers placed in the environment, designed to be clearly
visible even from a distance. To reduce cognitive load and avoid
confusion, only the marker associated with the currently active
station is displayed, while the others remain inactive until the
current “learning pill” is completed. This choice allows the user
to focus attention on a single objective at a time.

Another strategical aspect of the UXD concerns the progressive
distribution of information. Educational content is not presen-
ted simultaneously, but is instead divided into successive phases
that accompany the user throughout the experience. The exper-
ience alternates moments of more passive engagement, based
on listening and guided observation, with moments of active
interaction and exploration, supporting sustained attention and
reducing the risk of cognitive overload.

Finally, educational information is always anchored to the space
and to the architectural elements of the virtual environment,
avoiding abstract menus or interfaces detached from the con-
text. This approach strengthens the connection between content
and place, supporting a form of situated learning that leverages
the immersive potential of VR to enhance understanding and
content retention.
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The instructional design will be developed in close collabor-
ation with secondary school teachers from both lower and up-
per secondary education levels, whose involvement will support
curricular alignment and pedagogical coherence. Their contri-
bution will be essential in validating the learning objectives, ad-
apting the content to the students’ cognitive levels, and guiding
the overall educational structure of the activities.

4. Preliminary Results

The preliminary results of this study derive from an alpha test-
ing phase conducted within a comparative evaluation frame-
work aimed at exploring the potential impact of immersive
VR learning in relation to traditional, non-immersive teaching
methods. Rather than drawing definitive conclusions, this ini-
tial phase was designed to identify early trends and to verify
the feasibility of systematically comparing learning outcomes,
usability, and user acceptance across different instructional ap-
proaches. During the alpha test, the system demonstrated its
capability to support an effective data collection workflow, act-
ing as a bridge between the immersive learning experience and
online survey tools used to gather user feedback. Question-
naire responses were automatically consolidated into standard-
ized textual and tabular formats, such as spreadsheets and form
exports, enabling structured, replicable, and scalable data hand-
ling. This preliminary dataset represents the foundation for sub-
sequent analyses and refinements in later testing phases.

From a research perspective, the alpha test primarily produced
exploratory behavioral and evaluative data, which constitute
the first empirical output of the project. The system was con-
figured to collect two complementary categories of user data,
psychometric and pedagogical, allowing for an initial assess-
ment of the educational impact of the VR experience. Learn-
ing effectiveness was preliminarily explored through pre- and
post-lecture knowledge assessments aimed at identifying vari-
ations in knowledge acquisition and conceptual understanding.
Although the limited sample size and scope do not allow for
statistically conclusive claims, early observations suggest that
immersive VR-based learning may foster higher levels of en-
gagement and perceived learning when compared to the control
condition.

At this stage, the main achievement is the development of a
fully operational demo that embodies the proposed approach
and validates its technical and pedagogical feasibility. The
demo integrates the educational stations and “learning pills” de-
veloped and reviewed in collaboration with secondary school
teachers from both lower and upper secondary education levels,
along with interactive functionalities and educational text and
video panels. The system successfully completed an initial
phase of internal technical testing, enabling early user exper-
ience and technology acceptance evaluations through standard-
ized instruments such as the System Usability Scale (SUS) and
the Technology Acceptance Model (TAM). The results provide
preliminary quantitative insights into perceived usability, ease
of use, perceived usefulness, and overall user acceptance, in-
forming future iterations of the system.

Building on the outcomes of the alpha testing phase, the sub-
sequent experimental phase will involve a sample of approx-
imately 50 students and will adopt a comparative experimental
design. Participants will be divided into two groups: a con-
trol group and a test group. The control group will attend a
traditional lecture-based lesson supported by slides and direct
instruction from the teacher, while the test group will engage
in an immersive learning session using the developed VR ap-
plication, experiencing the same educational content within a

guided virtual environment. This phase aims to validate, on a
larger and more representative sample, the preliminary obser-
vations emerging from the alpha test, with particular attention
to learning outcomes, engagement, usability, and acceptance of
immersive VR-based education.

5. Conclusions and Future Works

XR technologies are evolving at a rapid pace; however, the
transfer of knowledge, skills, and design approaches from in-
dustry to education often occur with a significant delay. This
gap risks slowing the preparation of future CH custodians who
should be equipped with advanced tools for conservation, edu-
cation, and public engagement. In this context, the present
work highlights the potential of VR and 3D reconstruction as
effective instruments for the enhancement, preservation, and
dissemination of CH, demonstrating how immersive technolo-
gies, when informed by UXD principles, can transform digital
reconstruction into accessible, inclusive, and engaging educa-
tional experiences.

The proposed methodology places UXD at the core of the
learning process, ensuring that immersive environments are not
merely technologically advanced but also pedagogically mean-
ingful. Through immersive guided learning strategies, users are
supported by structured narratives, contextual information, and
progressive interaction mechanisms that facilitate comprehen-
sion and active engagement. The transfer of project advance-
ments into capacity-building actions aims to support schools,
educational institutions, and CH stakeholders in integrating XR
technologies into curricula. By leveraging the digital library of
3D models and XR resources developed within the XR Culture
project, students are enabled to explore, manipulate, and critic-
ally engage with virtual reconstructions of historical artefacts,
fostering a deeper understanding of digital preservation prac-
tices and of lost or at-risk heritage.

Future developments will focus on the implementation of a di-
dactic experimentation involving students, designed to com-
pare traditional learning activities with immersive VR experi-
ences developed according to immersive guided learning prin-
ciples. The evaluation framework will adopt a mixed-method
approach, combining quantitative and qualitative analyses to
assess both cognitive outcomes and experiential dimensions.
Learning effectiveness will be measured through pre- and post-
intervention knowledge assessments, while usability, engage-
ment, and acceptance will be evaluated using standardized UX
instruments such as SUS and TAM.

Addressing challenges related to data accessibility, technical
constraints of VR hardware, pedagogical integration, and evalu-
ation complexity, this work proposes mitigation strategies based
on data quality assurance, performance optimization, pedago-
gical co-design with educators, human-in-the-loop interaction
models, and strict ethical compliance.

Ultimately, the XR for Education scenario within the EU pro-
ject XR Culture demonstrates how UXD and immersive guided
learning can contribute to the definition of best practices for
XR-based education, offering a scalable and sustainable model
for immersive CH dissemination that fosters inquiry, emotional
engagement, collaboration, and long-term motivation.
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