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Abstract

Immersive technologies are increasingly acknowledged as powerful tools in sustainability
education, capable of fostering deeper engagement and emotional resonance. This study
investigates the potential of 360◦ VR storytelling to enhance learning through embodied
knowledge, attitudinal change, and emotional awareness. Conducted within the EMO-
TIONAL project, the research explores a first-person narrative told from the perspective of
a ceramic object rooted in Italian cultural heritage, designed to facilitate meaningful, affective
learning. The present study addresses the following research questions: RQ1 Can 360◦ VR
story-living narrations effectively promote embodied learning and semantic and attitudinal
shifts in the context of sustainability education? RQ2 What added insights can be gained
from integrating subjective assessments with physiological measures? To this end, a hybrid
assessment framework was developed and validated, combining subjective self-report
tools (including attitudinal scales, semantic differential analysis, and engagement metrics)
with objective physiological measures, specifically Electrodermal Activity (EDA). Sixty par-
ticipants, including students and entrepreneurs, experienced the immersive narrative, and
a subset underwent physiological tracking to evaluate the effectiveness of the experience.
The findings show that immersive storytelling can enhance emotional and cognitive engage-
ment, producing shifts in semantic interpretation, self-perceived knowledge, and attitudes
toward material culture. A convergence of high emotional engagement, embodied learn-
ing, and technology acceptance was observed, although individual differences emerged
based on prior experience and disciplinary background. EDA data offered complementary
insights, identifying specific moments of heightened arousal during the narrative. The
study demonstrates that emotionally driven immersive narratives (supported by integrated
assessment methods) can make abstract sustainability values more tangible and person-
ally resonant, thereby fostering more reflective and relational approaches to sustainable
consumption and production.

Keywords: immersive storytelling design; immersive learning; virtual reality; sustainability
education; embodied knowledge; Electrodermal Activity; hybrid assessment framework

1. Introduction
In recent years, immersive technologies have emerged as transformative tools in

educational contexts. These technologies enable the creation of interactive, multisensory
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learning environments that enhance learner engagement, motivation, and knowledge
retention. Furthermore, communication design plays a critical role in shaping immersive
content, ensuring clarity, accessibility, and meaningful interaction by integrating cognitive,
emotional, and narrative dimensions. This evolving landscape presents new opportunities
to reconceptualize learning as a multisensory, embodied, and transformative process.
Specifically, sustainability education is increasingly framed as the cultivation of knowledge,
skills, and values across cognitive, socio-emotional, and behavioral dimensions. Such
an approach is crucial both to enable individuals to translate awareness into meaningful
action and to engage with environmental and social challenges in a more conscious and
participatory manner.

1.1. Immersive Realities for Engaging Learning Environments and the Guidance of Design in
Virtual Reality (VR) Education

Immersive technologies, particularly Virtual Reality (VR), have rapidly gained promi-
nence as transformative tools in the design of interactive and engaging educational envi-
ronments. Their capacity to simulate complex, dynamic, and responsive contexts where
multisensory cues evolve into embodied forms of interaction, ultimately shaping trans-
formative immersive experiences [1,2]. Furthermore, VR facilitates the construction of
experiential, narrative-driven learning systems in which learners become active agents
in co-constructing meaning [3,4]. This paradigm shift aligns with emerging educational
models that value participation, personalization, and adaptability principles closely tied
to the broader framework of sustainable education [5]. From a design perspective, VR
enables the multimodal integration of spatial storytelling, allowing for tailored communi-
cation strategies that respond to diverse cognitive and emotional profiles [6,7]. From this
perspective, several empirical studies have examined the efficacy of VR-based learning
across disciplines: ref. [8] found that medical students using a VR anatomy module demon-
strated significantly higher engagement and spatial understanding than those in traditional
settings; ref. [9] explored the use of VR to improve empathy and communication skills in
healthcare training; similarly, ref. [10] reported the potential usage of VR as an educational
tool to enhance manufacturing sustainability within Industry 4.0; and in language learning,
ref. [11] showed how immersive VR environments enhance linguistic immersion and inter-
cultural competence by placing learners in simulated real-world scenarios. Furthermore,
studies conducted by [12] demonstrated that immersive design can lead to more equitable
educational outcomes by supporting learners with different abilities and learning styles. In
this context, communication design assumes a central role in shaping the semantics, struc-
ture, and interactivity of immersive content, ensuring clarity, engagement, and accessibility
across various educational contexts [13]. In these examples, the role of communication
design is pivotal not only in structuring information hierarchies and narrative arcs but
also in defining the affective and cognitive pathways through which learners engage with
content in immersive space. Ultimately, when shaped by communication design principles,
VR can operate as a catalyst for collaboration and participatory learning, expanding beyond
individual engagement toward collective knowledge-building. This transformation is central
to the goals of sustainable education, converging to meet the challenges of the 21st century.

The integration of VR into education, when guided by communication design princi-
ples, could offer an even more promising avenue for rethinking learning to fully unlock
educational capacity. In this perspective, emotional design, which prioritizes the affective
connection between users and digital environments, could in fact significantly improve
emotional engagement, memory retention, and overall learning outcomes by creating mean-
ingful and memorable experiences [14] since, by tapping into users’ emotions, designers
can foster a stronger bond with the content, motivating sustained interaction and reflection.
Concurrently, a speculative design approach is particularly powerful in educational con-
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texts aimed at social transformation, as it stimulates critical thinking and invites learners to
participate actively in imagining and co-creating possible worlds [15]. By applying User
Experience (UX) principles—understood as the key elements of the overall quality of users’
interaction in terms of usability, accessibility, engagement, and satisfaction—alignment
between technology and human factors can instead be ensured, maximizing the educational
potential of immersive media [16]. Moreover, strategic design offers a holistic and systemic
approach, integrating multiple perspectives and fostering collaboration among stakehold-
ers to achieve long-term impact [17] by considering ethical implications, cultural contexts,
and sustainability, positioning immersive experiences as platforms for engagement [18].
In this capacity, the role of design acts as a catalyst for transformative learning, capable of
addressing complex societal challenges through participatory and engaging processes.

1.2. Immersive Realities for Engaging Learning Environments and the Guidance of Design in
VR Education

Immersive experiences can be particularly impactful when implemented within
a critical pedagogical framework for sustainability action, as they enable a reconfiguration
of human–material relationships by allowing multiple perspectives, situated learning, and
transfer [19]. As argued by [20], transformative sustainability learning in fact requires not
only cognitive but also emotional and experiential dimensions, what they term the “head,
hands, and heart” model, by balancing cognitive, psychomotor, and affective domains. As
such, immersive practices such as VR and participatory experience could enable learners to
develop a sense of attachment to more-than-human ecologies [21]. Immersive processes
within the educational context cultivate a visceral sensitivity to ecological entanglements,
prompting critical engagement with extractivist paradigms [22]. In this context, the choice
of which technology to adopt is determined less by its degree of technical sophistication
and more by its communicative effectiveness. From this perspective, 360-degree videos
play a fundamental role, particularly because of their ease of use for the end user. This
form of immersive experiences consists of recordings produced with specialized cameras
that capture the entire environment in a spherical format. When experienced through
a VR headset, they allow viewers to engage in an immersive experience based on three
degrees of freedom (3DoF): specifically, the ability to rotate the head to look up and down
(pitch), left and right (yaw), and to tilt sideways (roll). In this way, users can visually explore
the surrounding space in all directions, although without physically moving within the
scene, as is possible in six degrees of freedom (6DoF) systems. For this reason, 360-degree
videos are regarded as a more accessible form of VR, which, while not enabling full inter-
action with the environment, still allows immersion in a virtual panorama and provides
a more engaging experience compared to traditional video. This relational approach is
evident in works like Anthropocene by Nicholas de Pencier, which challenge viewers to
confront the material consequences of human impact through immersive, multisensory
media [23]. As part of the Anthropocene Education Program, the project includes 360◦ VR
films, AR experiences, interactive photography, and scientific research to evoke a visceral
understanding of the Anthropocene. A striking example is Anthropocene VR—Dandora,
a 3D documentary set in Kenya’s largest landfill, which immerses viewers in the harsh
realities of waste economies and environmental degradation often invisible to those in
higher-income contexts. This case study reconfigures perception by framing the object of
learning not as passive matter but as an active agent within a collective planetary narra-
tive [24]. The immersive exhibition Pollution Pods where visitors pass through domes
simulating the air quality of different cities creates a bodily awareness of environmental
injustice and prompts reflection on global interdependence [25]. Similarly, Fragments
of Extinction, conceived by eco-acoustic researcher and composer David Monacchi, is
a portable eco-acoustic theater installation that delivers an immersive audiovisual experi-
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ence. The project investigates and presents the soundscapes of equatorial primary forests,
recorded by Monacchi during multiple field expeditions across diverse global locations.
The installation, also known as Sonosfera, serves as a technological amphitheater that
facilitates a multisensory engagement with ecosystems and offers an immersive listening
experience of these natural acoustic environments. Its core objective is to raise awareness
and promote education on sustainability, environmental stewardship, and the ecological
transition by immersing audiences in the intricate and vulnerable sound heritage of our
planet [26]. In all these cases, immersive learning reshapes education, situating learners
not outside of ecological systems but deeply embedded within them, by evoking a sense of
ethical attunement, ecological intimacy, and active stewardship. Immersive pedagogies
thus function as affective technologies that “make visible” the invisible processes and
sustainability values behind material transformation, encouraging learners to adopt more
sustainable behaviors through a reorientation of perspective, where sustainability is not
taught but felt and somehow lived [27]. Moreover, this immersive approach is not only
transformative at the individual level but also resonates with broader epistemological shifts
in sustainability education, a shift that emphasizes learning with the world, rather than
merely about it [28]. Concurrently, immersive experiences contribute to dismantling the
Cartesian dualisms that have historically shaped Western educational paradigms, such as
the separation between mind and body, subject and object, and human and nature [29].
By situating learning within multisensory contexts where matter is perceived as vibrant
and agentic [22], immersive pedagogies foster an ecological literacy that is profoundly em-
bodied and relational. Crucially, this immersive-material pedagogy promotes a temporal
shift: it invites learners to think in longer timescales, recognizing that sustainability is
not a fixed goal but an ongoing negotiation across generations, species, and systems [30].
Through this approach, learners develop a form of critical design consciousness that aligns
with principles of post-anthropocentric thinking [31], emphasizing the need to move be-
yond human-centered approaches. This mindset recognizes design’s entanglement within
complex global ecological and social crises, advocating for practices that respond to biodi-
versity loss, climate change, and species extinction by fostering relational and multispecies
awareness. Immersive learning, in this way, cultivates novel ecologies of attention that
engage learners deeply, allowing them to experience the urgency and potential of sustain-
ability in ways that are tangible, meaningful, and lasting.

1.3. The Value of Integrating Subjective and Objective Assessment Techniques in Evaluating
Functional Impact

As immersive technologies, particularly VR and AR (Augmented Reality), gain trac-
tion in educational and storytelling contexts, the question of how to assess their impact
becomes increasingly significant. Existing approaches have laid a solid foundation for
understanding User Experience and have contributed valuable tools and insights into how
engagement, learning, and emotional resonance can be studied. Building on this rich body
of work, we seek to explore how assessment practices might continue to evolve in response
to the specific characteristics of immersive, embodied experiences. Within this evolving
landscape, two complementary strands of assessment have proven particularly relevant:
subjective methods, which capture self-reported, conscious reflections, and objective tech-
niques, which detect involuntary, physiological responses. Recent work highlights the
importance of combining them: this integrated approach allows for a more comprehensive
understanding of how immersive experiences affect users across multiple levels, cogni-
tively, emotionally, and physically. Subjective assessment tools, such as questionnaires and
structured interviews, are essential for accessing participants’ interpretations, attitudes,
and evaluations of the experience. These methods offer insight into how users make sense
of the immersive content, how their views may have shifted, and how they perceive the
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relevance or impact of what they encountered. Particularly in the context of VR/AR for
learning, they help surface transformations in attitude, perspective, and knowledge, as
well as the user’s receptiveness to technology. In parallel, objective measures, including
physiological indicators such as Electrodermal Activity (EDA), heart rate variability, and
facial expression analysis, provide a window into users’ unconscious responses. These
signals offer continuous, real-time data about emotional arousal, attentional focus, and
embodied presence, facets of engagement that may not be consciously accessible or easily
verbalized. Physiological parameters are especially meaningful in immersive educational
contexts, where maintaining affective attunement and cognitive focus can deeply influence
learning outcomes. Yet, while physiological data can be rich in granularity, they are often
ambiguous when considered in isolation. This is where subjective methods play a critical
interpretive role. By collecting users’ own narratives and reflections, subjective tools help
contextualize and explain the meaning behind physiological fluctuations, highlighting, for
instance, whether a spike in arousal reflects excitement, discomfort, or confusion. In this
sense, subjective assessments do not only measure explicit responses; they also serve to
make implicit signals more legible, anchoring physiological data in personal and cognitive
meaning. Together, these two dimensions enable a holistic assessment framework capable
of addressing the layered nature of immersive experiences. They allow us to trace not
only what learners consciously think and feel but also what their bodies register in the
moment of encounter, offering insight into how immersive storytelling engages both the
mind and the body. This is particularly important for VR/AR experiences designed to
foster perspective-taking, embodied knowledge, and emotional understanding, learning
outcomes that are often lived as much as they are understood. The framework proposed
here aligns with and extends this integrative tradition. Drawing from established meth-
ods while adapting them to the specificities of immersive formats, it combines reflective
self-reporting with physiological tracking to capture a richer, more nuanced picture of
engagement and transformation.

2. Materials and Methods
This chapter details the methodological structure of the assessment method we pro-

pose with this contribution, developed to evaluate empathic immersive storytelling in
VR/AR learning environments through an application of a specific case study project. In
line with the project’s objectives and current best practices in immersive experience assess-
ment, we first explain how the key analytical dimensions were identified, then outline the
design of a dual-path protocol combining subjective (conscious) and objective (unconscious)
data collection methods. The method was specifically structured to address two research
questions: RQ1, whether 360◦ VR story-living narrations can effectively promote embodied
learning and semantic and attitudinal shifts in the context of sustainability education; and
RQ2, what added insights can be gained from integrating subjective assessments with
physiological measures. Each component is described with the level of granularity required
to support reproducibility and potential adaptation in similar research contexts. In ad-
dition to the structure of the method itself, this chapter also reports on its application in
two testing phases: a preliminary internal validation, aimed at proof-testing the coherence
and usability of the designed tools, and the subsequent user study conducted with selected
participants, from which evaluative data were collected and analyzed.

2.1. The EMOTIONAL Project: The Rationale Behind the Design Concept

Based on this vision, designing immersive experiences that center on the emotional
and narrative potential of “things” should be fundamental. In this transformation, in fact,
the object acquires value not only as a product but as a presence within the domestic space:
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it is no longer a silent absence but a participant in the environment, ready for dialogue.
This aligns with Bennett’s notion of “agentic matter” [22], which emphasizes that objects
themselves can exert influence and affect human perception and behavior. Ref. [22] argues
in fact for the vitality of matter, warning that depicting matter as inherently inanimate
may hinder the development of more ecologically sound and materially sustainable modes
of production and consumption. Italy, in this regard, offers a particularly rich cultural
heritage: the tale of Pinocchio, in which a piece of wood becomes a living child, metaphori-
cally suggests that objects can come to life, an idea deeply embedded in the Italian design
tradition. As [32] notes, in fact, Italian design has historically contributed a distinct human-
istic sensibility to the European design landscape, an ability to endow objects with a soul,
an autonomous life that transcends mere functionalism. Italian design has been shown to
foster complex, symbolic relationships between users and objects, resembling the bonds typ-
ically associated with domesticated animals, whose presence in living spaces is often shaped
more by emotional tradition than by practical necessity. This animistic tradition is not new;
in fact, it is deeply rooted in the material culture of ancient Rome and Pompei, where furni-
ture and household items often featured animal limbs, tails, and heads, gesturing toward
a perceived inner vitality. Such a worldview, largely absent in other design traditions,
stems from the influence of Mediterranean religions with animistic and pantheistic beliefs,
in which objects were thought to possess a soul and the world was imbued with divine
presence. Finally, as [33] reflects, when objects are invested with emotions, ideas, and
symbols by individuals, societies, and history, they become things in a philosophical sense.
They transcend their status as mere commodities or markers of social status and become
part of a more-than-human emotional bond that goes beyond their function. This is rel-
evant from an environmental perspective, as it extends the lifecycle of objects, fostering
sustainable production and consumption, intended, in this context, as the reduction in
waste and the encouragement to keep objects in use as long as possible. In this specific case
study project, the ceramic object becomes the narrator of its own transformation, from raw
matter to valued design artifact, offering new modes of communicating sustainability. By
animating the material and allowing it to express its own becoming, the project has been
designed both to cultivate an affective bond between object and user and to offer a deeper
understanding of the artisanal processes characteristic of the Italian ceramic tradition. In
doing so, it transforms everyday products into emotionally resonant presences and makes
visible the complexity, care, and cultural heritage embedded in their making.

2.2. The EMOTIONAL Case Study Project

The methodological approach has been tested within the framework of the EMO-
TIONAL project. The project is primarily aimed at training designers and entrepreneurs to
develop a deeper understanding of sustainability through emotionally-driven immersive
storytelling. As part of Italy’s National Recovery and Resilience Plan (NRRP), under the
PE11-MICS (Made in Italy Circolare e Sostenibile) program, the initiative (Experience Made
in Italy: Immersive Storytelling Design for Contemporary Values and Sustainability) seeks
to equip professionals with innovative communication and design tools that enhance the
cultural and symbolic value of products and services. By placing immersive storytelling at
the core of its methodology, the project encourages a shift in perspective: materials are no
longer seen as inert but as carriers of identity, history, and meaning. Through the narrative
of production processes, particularly within the ceramic sector, participants learn the tangi-
ble and intangible values of a sustainable Made in Italy label. The work developed within
EMOTIONAL reflects a vision of a sustainable Made in Italy label that extends far beyond
technical excellence. It in fact draws attention to a broader conception of sustainability, one
that includes symbolic, emotional, and cultural dimensions. In this experience, concepts
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such as affective materiality, material storytelling, and animistic design come into play.
Specifically, the immersive EMOTIONAL experience has been conceived to narrate the
story of ceramic manufacturing through the perspective of the material itself. Instead of
a conventional documentary approach, the visitor is guided by the inner voice of the
ceramic object as it undergoes its transformation. From the raw clay to its shaping, firing,
glazing, and finishing, every stage is revealed as a personal and intimate journey, an emo-
tional metamorphosis that culminates in the unveiling of its true identity: a contemporary
design lamp. The choice of first-person storytelling creates a bond between the audience
and the object, allowing the manufacturing process to be experienced not as a sequence
of technical steps but as a living, sensorial narrative. The 360◦ sound design envelops
the listener in the atmosphere of the workshop (such as echoes of tools, the crackle of
the kiln, the rhythmic gestures of craftsmanship), while the immersive video surrounds
the viewer with textures, details, and gestures that are often overlooked. The audience is
invited to feel the transformation rather than simply witness it. In doing so, the project
both deepens users’ affective connection with objects and promotes more responsible prac-
tices, such as extending the lifespan of products, valuing repair over replacement, and
cultivating an ethics of care toward material culture. This integration of animistic design
with Bennett’s theory thus provides a conceptual bridge between immersive storytelling
and the operationalization of sustainability values, while the Pinocchio analogy further
reinforces the idea that objects can acquire a “living presence”, and that recognizing this
vitality encourages users to attribute greater care and durability to them, extending their
lifespans rather than treating them as disposable commodities. This sense of affection and
symbolic attachment contributes to a reconfiguration of the object’s perceived value and
role within domestic life. As a result, the aim of the immersive storytelling is to encourage
reflection on the value of objects, making them less likely to be discarded and more likely
to be preserved, repaired, or repurposed, thus contributing to the extension of their life
cycle, by promoting responsible innovation and fostering more conscious production and
consumption practices, while reinforcing the distinctive identity of Made in Italy as not
only a marker of quality and craftsmanship but also as a bearer of cultural depth and
environmental awareness.

2.3. Identification of Analytical Elements for Empathic Immersive Storytelling

Given the emergent nature of emotionally immersive storytelling, particularly in
educational contexts, the development of a structured analytical framework to assess its
effectiveness is essential. In alignment with the aims of the EMOTIONAL case study, a set
of evaluative dimensions has been specifically identified to guide the validation of design
outcomes, with the intention of supporting both replication and further development in
related research. The framework is intended to capture indicators that reflect the impact of
immersive experiences in fostering empathy, encouraging perspective-taking, and stim-
ulating reflective engagement with socially and environmentally relevant themes. The
dimensions, described below, were defined based on the existing literature and contextual
adaptation to immersive educational storytelling:

• Embodied Knowledge: this dimension refers to the participant’s holistic experiential
integration of the content, encompassing cognitive understanding, a felt sense of pres-
ence, and emotional engagement with the narrative in the learning process. It builds
on the concept of the human being as a “biological embodiment” [34], underscoring
the importance of lived and sensory engagement;

• Attitudinal Shift: this dimension assesses shifts in participants’ values or viewpoints
in relation to the topics addressed in the narrative, especially regarding sustainability,
cultural awareness, and ethical sensitivity. Drawing on communication theories [35],
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the focus is on how immersive storytelling can act as a catalyst for behavioral intention,
attitude transformation, or increased relevance attribution;

• Semantic Differential: a semantic differential technique is employed to gather par-
ticipants’ subjective assessments of key experiential elements, capturing the conno-
tative meanings they associate with specific themes or symbols. This allows for the
quantification of nuanced perceptual and emotional responses in a structured and
comparative format;

• Technological Usability and Physical Response: this dimension includes measurements
of cybersickness symptoms and user acceptance of the immersive medium, considering
that interactions with technology can evoke a range of affective responses, both positive
and adverse, linked to users’ values, expectations, and comfort levels [36];

• Cognitive and Emotional Engagement: this evaluates the degree of mental focus
and affective investment during the experience. Given the increasing challenges of
capturing sustained attention in digital environments, this dimension helps deter-
mine the narrative’s capacity to maintain user interest and provoke intellectual or
emotional activation [37].

Together, these analytical dimensions offer a comprehensive foundation for assessing
the design functionality of immersive narratives aimed at education, awareness-raising,
and the stimulation of empathic reflection. The framework is intended not only as a tool
for validation within this specific study but also as a contribution to the broader discourse
on evaluating the pedagogical and transformative potentials of immersive media.

2.4. Conscious Responses

In alignment with the evaluative dimensions outlined in the previous chapter, we
developed a subjective assessment framework informed by existing validated tools and
adapted to the specific aims of the EMOTIONAL case study. The selection and design of
these instruments were guided by two priorities: ensuring the relevance of each item to the
dimensions under investigation and maintaining a high level of participant engagement to
promote response accuracy while minimizing cognitive fatigue.

To meet these criteria, the framework integrates methods drawn from the state-of-the-
art literature in affective computing, User Experience evaluation, and immersive learning,
combined and restructured with particular attention to clarity of administration and narra-
tive continuity. In particular, to evaluate shifts in attitude and perception, several key items
are presented both before and after the immersive experience, enabling direct comparison
and detection of change over time.

2.4.1. Format and Delivery

To enhance usability and participant engagement, the questionnaire was delivered in
the form of an analog deck of cards, from which respondents physically draw and answer
one question at a time. This format introduces a light gamification element, which has been
shown to increase motivation, perceived autonomy, and attention in self-report tasks [38].
The physical format also ensures a clean and focused interface, allowing participants to
concentrate on a single item at a time without the distraction of digital interfaces.

Four response formats were used throughout the assessment:

• Verbally annotated 5-point Likert scales, ranging from 1 (“not at all”) to 5 (“extremely”);
• Visual Self-Assessment Manikin (SAM) scales;
• Yes/No multiple-choice questions;
• Sorting tasks, involving the ordering of nine items from 1 to 8 (with one item pre-labeled).

All questions were originally written in Italian, reflecting the cultural and linguistic
context of the target population. For reporting and international dissemination, English
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translations are provided here with utmost attention to semantic fidelity. The development
and review of the questionnaires were conducted in collaboration with Dr. Francesca
Borgnis, psychologist and researcher with a PhD in the application of a 360◦ video in
neurorehabilitation, ensuring scientific rigor and methodological alignment.

2.4.2. Embodied Knowledge

Drawing on the existing literature that highlights the potential of a 360◦ video for
facilitating experiential and procedural learning [39], embodied knowledge was assessed
through a dual approach: (1) self-evaluation of confidence in the domain of Made in Italy
ceramic manufacturing and (2) a recall task involving the sequential reordering of the nine
stages presented in the video. These items were included in both pre- and post-questionnaires
to enable comparative analysis. The confidence question was phrased as

• Pre: “How confident do you feel with the manufacture of Made in Italy ceramics?”;
• Post: “Now that you have lived this experience, how confident do you feel with the

manufacture of Made in Italy ceramics?”.

The reordering task was intended to test narrative coherence and procedural retention,
as indicators of the story-living approach’s capacity to convey practical knowledge.

2.4.3. Attitudinal Shift

To assess attitudinal change in relation to object value and attachment, we employed
two adapted items from a validated psychometric tool on object attachment [40]. Both items
explore the willingness to part with the protagonist’s object of the narrative (a ceramic
lamp), from whose first-person perspective the story is experienced:

• “Imagine you received the lamp from the story. How comfortable would you be giving
it away as a gift?”;

• “Imagine you received the lamp from the story. How comfortable would you be
discarding it?”.

The distinction between gift and disposal enables us to detect nuances in affective
disposition and symbolic attachment.

2.4.4. Semantic Differential

To investigate semantic shifts in the way participants interpret key concepts such as
Made in Italy and ceramic craftsmanship, we employed a semantic differential method [41,42].
Before and after the experience, participants were asked to select three keywords from
a list of ten in response to two prompts:

• “With which three keywords would you describe Made in Italy?”;
• “With which three keywords would you describe the manufacture of Made in

Italy ceramics?”.

In the post-experience version, both questions were preceded by the prompt: “Now
that you have lived this experience. . .”. The keyword pool was internally categorized as
either emotional or technological in tone (unbeknownst to participants), enabling us to
observe any affective or cognitive reframing following the immersive exposure.

2.4.5. Cybersickness and Technological Acceptance

To monitor cybersickness, we combined a general familiarity question in the pre-
test, “Have you ever used a headset for Virtual Reality?”, with three SAM-rated items
in the post-test measuring discomfort, nausea, and headache. These items were selected
after reviewing several established scales, including the Simulator Sickness Questionnaire
(SSQ) [43], MISC Scale [44], and more recent instruments like VRSQ [45] and CSQ-VR [46].
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The reduced item set was selected to ensure brevity while preserving diagnostic validity,
considering the non-interactive and low-motion nature of the content.

2.4.6. Technological Acceptance Was Assessed via a Single Item Derived from Models Such
as TAM [47] and UTAUT [48]

• “How pleasant has wearing the headset been?”.

This streamlined format was chosen to reduce cognitive load while capturing immedi-
ate user sentiment toward the technology.

2.4.7. Attention and Engagement

Attention and engagement were assessed through one item, adapted from the Suit-
ability Evaluation Questionnaire [49]:

• “How captivated have you felt by the experience?”.

This item was intended to provide a concise yet meaningful indicator of participants’
cognitive and emotional absorption during the experience, allowing its integration into
a broader multi-dimensional evaluation framework.

2.4.8. Data Extraction

To allow for meaningful comparison across participants, responses from the subjec-
tive assessment were transformed into numeric scores: pre-existing experience of Head
Mounted Displays (HMDs) for VR, answered with yes/no, was turned into 1/0 and used
to compute the percentage of subjects with past experience; technology acceptance was
calculated by subtracting the average of the three 5-point Likert-scale questions on cyber-
sickness symptoms from the self-reported pleasantness of the experience, also rated on
a 5-point Likert scale. This difference captures net acceptance, isolating positive appraisal
from physical discomfort. Attention and engagement were directly derived from a single
5-point Likert scale item. Embodied learning was computed as the difference between
post-experience and pre-experience self-reported knowledge, both measured on a 5-point
Likert scale, reflecting perceived learning gain. Error count in the post-experience sort-
ing task was inversely related to content retention, with lower scores indicating better
recall. The semantic differential score was calculated as the difference between pre- and
post-experience scores of the theme’s emotional connotation. Finally, attitude shift was
quantified as the difference between a positive attitude score and a negative attitude score,
both measured using 5-point Likert scale items.

2.5. Electrodermal Activity for Unconscious Responses

Electrodermal Activity (EDA) is a widely used psychophysiological measure that
reflects changes in the electrical properties of the skin due to sweat gland activity, which
is directly influenced by the sympathetic branch of the autonomic nervous system. These
changes are interpreted as indicators of emotional arousal and cognitive engagement,
which offer precious insights into Quality of Experience, even acknowledging that this type
of data does not offer information about the positive or negative valence of the emotional
activation. EDA is typically decomposed into tonic components, representing baseline
arousal, and phasic components, which reflect short-term responses to stimuli [50]. This
makes EDA particularly suitable for evaluating moment-by-moment engagement during
360-degree VR learning experiences, where immersive content can elicit varying levels of
attentional and emotional responses across different narrative phases. Its non-intrusive and
continuous nature allows researchers to track fluctuations in user involvement in real-time,
complementing self-reports and behavioral measures [51]. While multiple physiological
signals (e.g., heart rate variability, respiration, EEG, pupillometry, or EMG) can contribute
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valuable insights into Quality of Experience (QoE) in immersive VR, in this first work,
we chose to focus on EDA in coherence with our lightweight approach. We sought to
minimize the intrusiveness and complexity of the setup, benefiting both participants and
experimental reliability. In fact, a workflow requiring synchronization, calibration, and
monitoring of multiple devices could have compromised the smooth running of the study
and, by extension, the quality and consistency of the results. We maintain that EDA
provided a robust and non-invasive indicator of sympathetic arousal that aligned well with
our inquiry on emotional engagement and immersion. Nevertheless, we look forward to
enriching our assessment framework in the future by incorporating multiple physiological
signals to capture a wider spectrum of physiological responses.

2.5.1. Equipment and Setup

The Analog Devices EVAL-AD5940BIOZ evaluation board was predisposed to acquire
EDA data. It is important to note that it measures electrical skin resistance, implying that
lower signal values indicate higher arousal, as increased sympathetic nervous system ac-
tivation reduces skin resistance by increasing sweat gland activity. The device was con-
nected to an ASUS ZenBook Pro 15 laptop. The board was integrated with SensorPal 2.5.3,
the official data acquisition software provided by Analog Devices (Analog Devices, Inc.,
Wilmington, DE, USA), which enabled real-time signal visualization and export. The
data were output as raw numerical data sheets in .csv format for subsequent analysis. To
ensure accurate signal acquisition, we used disposable Ag/AgCl electrodes, which were
applied to the palmar surface of the index and middle fingers, following the standard
four-electrode measurement configuration. This electrode placement is commonly adopted
in psychophysiological research due to its stability and signal fidelity. The electrodes were
applied immediately after participants completed the onboarding questionnaire and before
wearing the VR headset.

2.5.2. Signal Processing and Feature Extraction

The entire process consists of three phases exemplified in Figure 1: data collection and
processing; slope analysis; and spike analysis. The equations used in this context can be
found at the end of this document, in Appendix A.

Data collection and processing. To minimize participant burden and avoid priming
or influencing emotional states prior to the session, no baseline recording was collected
beforehand. As a result, inter-subjective differences in resting skin resistance were antici-
pated, and the analysis pipeline was designed accordingly to accommodate this variability.
All EDA data were therefore normalized post hoc, enabling meaningful intra- and inter-
subjective comparisons of both tonic and phasic arousal trends throughout the experience.
The raw Electrodermal Activity (EDA) signal was collected at a temporal resolution of 250 ms
(i.e., four samples per second) and exported as an Excel file. To reduce signal noise and
enhance interpretability, the EDA data were smoothed by computing the average value
per second. This resulted in a down-sampled but cleaner dataset that allowed relevant
information to emerge more clearly on a noisy background. The 12-min immersive VR
experience was divided into 14 distinct phases. The starting and ending times of each
phase were used to calculate the mean slope of the smoothed EDA signal by phase for
each participant. This provided an indicator of which events triggered tonic changes in
physiological arousal.

Slope analysis. To enable meaningful comparisons across participants, the slope
values were normalized to account for inter-individual variability: each subject’s slope
values were transformed into z-scores, using their own mean and standard deviation across
the 14 phases. To classify the magnitude of the slopes into discrete categories, binning was
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applied using Scott’s rule [52]. This produced a set of equally spaced intervals that covered
the range of normalized slope values. Finally, the resulting bins were grouped into five
ordinal tiers centered around the mean (z = 0) and labeled as follows: −2, −1, 0, +1, and +2.
For interpretability purposes, we inverted the valence of the tier scale when mapping slope
z-scores into categorical levels in the slope analysis. In our signal configuration, lower
slopes reflect greater arousal. Thus, we assigned the lowest slope values to the highest tier
(+2), indicating intense engagement or emotional activation. Higher slopes (indicating low
arousal or disengagement) were assigned to lower tiers (e.g., −2). This approach ensured
consistency in interpreting both phasic and tonic EDA dynamics, aligning the direction of
the metrics with arousal magnitude across the dataset.

Spikes analysis. In parallel, we extracted phasic EDA activations (“spikes”) by first
converting the smoothed EDA signal to z-scores, computed within each subject. This
normalization step allowed us to identify punctual, subject-relative deviations in EDA that
could reflect moments of heightened emotional reactivity. Then, a detection threshold was
applied to identify significant downward deflections in the z-score. This was consistent
with our setup in which EDA was recorded via skin resistance, meaning that lower values
indicated higher arousal. Following the rationale of nonnegative convolution, we adapted this
to a nonpositive detection model by setting thresholds for negative deviations in the z-score.
In a few cases, we manually adjusted the threshold set to z < −3 to account for inter-subjective
variability in baseline reactivity. This ensured meaningful spike detection without excessive
false positives or omissions. To avoid counting redundant activations, we merged and treated
any spikes occurring within 1.5 s of one another as a single response event.

Figure 1. Signal Processing and Feature Extraction. The flow chart reports the phases of signal
processing executed to extract meaningful insights from the EDA data.

2.6. Rough Experiment Structure

The assessment process was carefully designed to capture user responses both before
and after the immersive experience, enabling a direct comparison between baseline attitudes
and post-exposure perceptions. The assessment unfolds across five main phases:
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1. Onboarding: in this phase, participants are welcomed. They are informed about
the following phases and are asked to provide written consent for photographic
documentation and preference about physiological measurement;

2. Pre-experience questionnaire subjective discrete annotation, designed to explore partic-
ipants’ prior knowledge and attitudes toward the content addressed in the immersive
narrative, as well as their familiarity with immersive technologies such as HMDs;

3. Immersive experience objective continuous annotation, during which no verbal in-
teraction is required, allowing for uninterrupted affective and cognitive engagement
with the 360◦ video;

4. Post-experience questionnaire subjective discrete annotation, aimed at capturing
changes in perception, emotional resonance, cognitive engagement, and physiological
comfort, as well as subjective evaluation of the technology used;

5. Offboarding, after the immersive experience and the questionnaires, participants are
finally thanked for their involvement and dismissed.

2.7. Sampling Design

A key component in testing the effectiveness of the proposed assessment framework
was the purposeful and methodologically grounded selection of participants. Given the
nature of the study, focused on immersive VR/AR learning experiences, it was essential
not only to secure an adequate sample size to ensure statistical robustness but also to
account for factors that could influence how users perceive and respond to the immersive
content. The selection strategy was guided by international standards, specifically the
ITU-T P.919 (10/2020) Recommendations: Subjective test methodologies for 360◦ video on
head-mounted displays [53], which indicate that a minimum of 28 participants is required
to achieve sufficient statistical power for perceptual studies involving immersive media.
Although the current study was conceived as a pilot, our objective extended beyond tech-
nical validation: we aimed to generate rich, interpretable insights into users’ subjective
and physiological responses to the content, anticipating a range of individual factors, such
as cultural familiarity or prior exposure to immersive environments, that might shape
perception and engagement. To this end, we adopted a purposeful sampling strategy [54],
selecting a total of 60 participants and organizing them into four homogeneous subgroups
of 15 participants each, based on shared sociodemographic and experiential characteristics.
This structure follows a similarity logic, which aims to reduce within-group variability,
a factor shown to significantly increase the statistical power of experimental designs [55].
The composition of the subgroups was carefully controlled to enable more focused, in-
ternally consistent observations, while also allowing for comparative analysis across the
broader sample. In parallel, for the objective component of the assessment, centered on
physiological indicators such as Electrodermal Activity, we conducted data collection with
a subset of 26 participants. This decision was informed by recent evidence on statistical
power analysis in psychophysiological research, which indicates that a sample size of 26 is
sufficient to detect medium effects with a statistical power of 0.8 [56]. This level of power is
generally accepted as the standard threshold in experimental research, balancing practical
feasibility with the need for reliable inference. We determined this subset size by balancing
ensuring sufficient statistical reliability for physiological signal analysis with maintaining
a smooth, non-intrusive testing workflow. Even if findings highlight that the use of the
sensor had no downsides, we were concerned about possible implications for the Quality
of Experience. Therefore, we opted for a representative subsample large enough to provide
reliable physiological insights and to ensure the most fluid experience possible for the
majority of subjects. By aligning our sampling design with established methodological
frameworks and statistical criteria, we sought to ensure that both subjective and objec-
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tive components of our assessment could yield meaningful, generalizable findings. The
integration of purposeful selection with power-driven sampling for physiological analysis
positions the framework as both empirically robust and sensitive to the complexities of
human experience in immersive educational environments.

2.8. First Internal Validation

Following the definition of the assessment framework in its theoretical and structural
aspects, a preliminary internal validation was conducted to identify potential areas for
refinement and to gain practical familiarity with the full implementation of the protocol
prior to testing with external participants. This initial trial also served to evaluate the
overall usability of the procedure and the effectiveness of the designed tools in guiding
participants through the three phases of the assessment. The internal sample consisted of
five individuals, three faculty members and two research associates, who each completed
the full testing sequence. This allowed for a preliminary appraisal of the framework’s
internal consistency and its operational feasibility from both the participant and facilitator
perspectives. The validation sessions took place at the Virtual Theater of the EDME
Laboratory at Politecnico di Milano, an acoustically isolated environment specifically
designed for immersive media experiences. The setting complies with recommendations
from the ITU-T P.919 (10/2020) guidelines, ensuring minimal environmental interference
during content delivery and data acquisition. While initial results confirmed the general
validity of the framework and its potential to capture the targeted analytical dimensions,
several practical issues were identified that informed adjustments for the subsequent
pilot test. Notably, the use of a swivel chair (SwC), although recommended for immersive
viewing, proved incompatible with EDA data collection due to cable constraints. As a result,
physiological recordings were conducted using a stationary chair (StC) to ensure signal
stability. Additional considerations emerged concerning the usability and suitability of
the HMDs. Firstly, we noticed that participants who were unfamiliar with VR interfaces
found the process of initiating video playback unintuitive. To address this, the moderator
assumed responsibility for launching the video via the headset joystick, followed by
verbal confirmation with the participant. Secondly, we ensured the devices we planned
to use would provide adequate and comparable performances; therefore, the 360 video
was played on both the Oculus Meta Quest 3 and the Pico 4. Despite the presence of
minor differences in visual rendering and processing capacity, these variations are largely
negligible in the context of our study. The task involved the passive viewing of a 360◦

narrative video, a use case that does not demand high frame rates, rapid interaction, or
mixed reality features. Both devices easily support smooth playback of 360◦ video content;
in fact, no perceptible performance differences were reported in this phase, and, thus,
participants’ experiences can be considered equivalent regardless of which headset they
used. Nonetheless, the battery limitations of the Oculus device also required attention
during scheduling: each full video playback consumed approximately 10% of the battery,
imposing logistical constraints for extended testing sessions. Logistical challenges were also
observed in relation to the physical administration of the analog card-based questionnaire.
Although this format supported user engagement and clarity, it introduced potential risks
of card misplacement or mixing. To mitigate this, each participant received a pre-bundled
deck secured with elastic bands, and after completion, responses were manually transcribed
into a Microsoft Excel spreadsheet. This internal validation phase also proved valuable in
defining a standardized structure for the .csv file and establishing a consistent procedure for
data transcription, ensuring the resulting dataset would be ready for streamlined analysis.
Based on the insights from this internal validation, it was estimated that each session,
including onboarding, video experience, and data collection, required a 20-min time slot
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per participant. This informed the planning and scheduling of the subsequent pilot testing
phase, ensuring appropriate time management and process optimization.

2.9. Fine-Tuned Experiment Design

Following the pilot test, the insights gained allowed us to refine and formalize the
experimental procedure into a standardized assessment method. This finalized version,
presented below, is structured into clearly defined phases, each accompanied by a detailed
breakdown of the required materials and operational steps to ensure replicability and
consistency across future applications.

2.9.1. Onboarding

Analog Devices EVAL-AD5940BIOZ. The onboarding phase marked the formal ini-
tiation of the participant’s involvement in the assessment procedure. Upon arrival, par-
ticipants were greeted individually and introduced to the context of the study in neutral
and non-directive terms. To avoid priming effects, no specific details about the content
of the video or the purpose of the research were disclosed beyond what was necessary
for informed participation. Participants were then provided with a form asking for photo
release consent, outlining the possibility of being photographed during the session for doc-
umentation purposes and requesting formal authorization and EDA participation consent,
describing the nature and purpose of the physiological monitoring (Electrodermal Activity),
and allowing participants to opt in or decline based on comfort or health considerations. Fol-
lowing consent collection, participants were informed of the sequence of the assessment: the
pre-experience questionnaire, the immersive video, the post-experience questionnaire, and
final offboarding. Those who opted for EDA measurement were prepared for electrode
placement immediately after completing the pre-questionnaire. This phase was designed
to establish an environment of procedural transparency and ensure ethical compliance.

Materials: Photo release and EDA consent forms.

2.9.2. Pre-Experience Questionnaire

(Subjective Discrete Annotation). The second phase of the assessment consists of
a structured pre-experience questionnaire, aimed at collecting baseline data on partici-
pants’ prior knowledge, attitudes, and familiarity with immersive technologies, specifically
HMDs. This step is essential for establishing reference points against which post-experience
changes could be measured. Participants complete the questionnaire individually, using
analog decks of printed cards presented in a bundled format. All responses are manually
collected and later transcribed into a structured .csv format for analysis. The pre-experience
questionnaire serves not only as a diagnostic tool but also as a gentle cognitive warm-up
before participants enter the immersive environment.

Materials: Analog questionnaire decks, printed and bundled with elastic bands to
maintain card order; Pens for participant responses; Transcription of all analog responses
into Microsoft Excel and export as a structured .csv file.

2.9.3. Immersive Experience

(Objective Continuous Annotation). The third phase involves the delivery of the
immersive storytelling experience through a 360◦ video viewed using an HMD. We de-
signed this stage to allow uninterrupted affective and cognitive engagement, with no verbal
interaction or tasks required from participants during the experience, which risks interfer-
ing with immersion and involvement. The EDA measurement of compliant participants
ensures a continuous annotation that allows for the detection of unconscious, real-time
changes in emotional arousal and attentional engagement throughout the narrative experi-
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ence. To ensure consistency and replicability across all sessions, we designed the following
standardized procedure for the immersive experience phase:

1. Preparation of the Environment: We divided the testing area into semi-private stations
using the mentioned sliding curtains, ensuring participant focus and minimizing
external distractions. Each station is equipped with one HMD to view the video and
either an StC or an SwC to sit, depending on whether physiological data collection
was planned;

2. Application of Electrodes (for EDA group only): For participants who consent to EDA
measurement, we apply disposable Ag/AgCl electrodes to the palm surface of both
hands following a standard four-electrode configuration;

3. Wearing and Adjustment of the HMD: The moderator places and adjusts the assigned
HMD (Oculus Quest 3 or Pico 4) to ensure optimal comfort and visibility;

4. Launching of the 360◦ Video: The moderator initiates video playback using the
joystick/controller to avoid potential usability issues for participants unfamiliar with
the interface of the device;

5. Confirmation of Successful Playback: The moderator asks a short verbal confirmation
to the participant (e.g., “Can you confirm the video has started and you see the
first scene clearly?”);

6. Start of EDA Measurement (if applicable): The moderator starts EDA data acquisition
immediately following the confirmation of successful video launch. Measurement
continues throughout the entire duration of the video, with real-time monitoring via
SensorPal and RealTerm;

7. Participant Notification of Video Completion: Upon conclusion of the video, the partici-
pant signals to the moderator that the experience has ended (e.g., by raising a hand);

8. Termination of EDA Recording: The moderator stops physiological data acquisition,
and the recorded session is saved in .csv format for analysis;

9. Removal of HMD: The moderator carefully removes the headset and puts it into
charge until the next turn;

10. Removal of Electrodes (if applicable): The moderator gently detaches electrodes,
properly discards them, and thanks the participant for their cooperation.

This phase is critical for capturing both embodied emotional responses and sustained
attentional engagement, key indicators in assessing the immersive and empathic potential
of the narrative.

Materials for Environmental setup: StC (used during EDA recording to avoid motion
artifacts); SwC (used with Pico 4 for enhanced immersion in non- physiological sessions); and
Sliding curtain system to create semi-private interaction areas within the Virtual Theater.

Material for Immersive media delivery: Oculus Meta Quest 3 HMD (Reality
Labs, Menlo Park, CA, USA); Pico 4 HMD (ByteDance, Beijing, China); Official joy-
sticks/controllers for each HMD; HMD chargers and power cables, used between sessions
to ensure battery continuity.

Material for Physiological sensing: Disposable Ag/AgCl electrodes for skin contact; Ana-
log Devices EVAL-AD5940BIOZ evaluation board; ASUS ZenBook Pro 15 laptop (ASUSTeK
Computer Inc. (ASUS), Taipei, Taiwan) (Windows 11); SensorPal for signal acquisition;
RealTerm v2.0.0.70 for real-time graph visualization and data logging (.csv output).

2.9.4. Post Experience Questionnaire

(Subjective Discrete Annotation). In the fourth phase of the assessment protocol,
participants complete the post-experience questionnaire, designed to capture conscious
reflections and perceived changes following the immersive narrative. This phase allows
for direct comparison with baseline data collected during the pre-experience phase and
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focuses on evaluating shifts in knowledge, attitude, emotional resonance, and perceived
technological comfort, administered in the form of analog cards. Participants respond
individually, using pens to annotate their answers directly on the cards. Each set of cards
is pre-bundled to prevent misordering and facilitate transcription. Upon completion, all
responses are manually digitized into a structured .csv file for subsequent analysis. This
phase is critical for contextualizing physiological data and exploring how participants assign
meaning to the immersive experience. It is supposed to reveal whether and how the narrative
succeeds in fostering perspective shifts, emotional engagement, and learning outcomes.

Materials: Analog questionnaire decks, printed and bundled with elastic bands to
maintain card order; Pens for participant responses; Transcription of all analog responses
into Microsoft Excel and export as a structured .csv file

2.9.5. Offboarding

Analog: The offboarding phase concludes the assessment protocol. Once participants
have completed the post-experience questionnaire, they are thanked for their time and
participation and informed that the testing session is complete. At this point, any remaining
materials (e.g., pens, card decks) are collected, and participants are formally dismissed
from the session.

2.10. Pilot-Test Sessions

Testing took place at Politecnico di Milano, within the Virtual Theater of the EDME
Laboratory, and at the Made in Italy Innovation Forum hosted at Villa Erba in Cernobbio,
a national event dedicated to circular and sustainable innovation, promoted by the MICS
extended partnership. All testing environments were carefully selected to support immer-
sion and reduce external interference. The Virtual Theater at Politecnico offers full acoustic
isolation and is specifically designed for immersive media experimentation, in accordance
with ITU-T P.919 recommendations, while the Cernobbio session was held in a dedicated
exhibition space within the Villa Erba complex.

Participants took part on a voluntary basis and were divided into four homogeneous
groups, following a similarity-based logic to reduce within-group variability:

1. Undergraduate students enrolled in the Bachelor’s Program in Product Design;
2. Graduate students enrolled in the Master’s Program in Product Design;
3. Graduate students from the Master’s Program in Interaction Design;
4. Entrepreneurs and business leaders from the Made in Italy sector who attended the

Innovation Forum.

Participants were informed in advance that the activity would involve viewing a 360◦

video using a head-mounted display (HMD) and responding to written multiple-choice
and sorting questions. However, in order to prevent priming or expectancy effects, no
specific information was given regarding the content of the video or the goals of the study.
They were also informed that physiological data would be collected during the session
via disposable electrodes placed on the hand to measure Electrodermal Activity (EDA).
Participation in this aspect of the test was optional and could be declined for any reason,
including health concerns or personal preference. A total of 26 participants across all
sessions chose to take part in the EDA measurement, which was conducted only using the
Oculus Meta Quest 3; these individuals were seated on StC to avoid cabling-related issues.
Participants using the Pico 4 HMD, employed as a second device for parallel sessions, were
instead seated on SwC to maximize immersion, as recommended by ITU-T guidelines.
Each of the three university-based sessions lasted approximately 2 h and 20 min and was
managed by two moderators operating in parallel. Each moderator was responsible for
one HMD station, and for the sessions that took place in EDME Laboratory, thanks to
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a specifically designated space, the testing area was divided by a sliding curtain to provide
a private and distraction-free setting for each participant, fostering immersion. In that
context, participants were also assured that only their assigned moderator and, in some
cases, a psychologist (for observational purposes) would be present during the experience.

Participants across all groups were generally receptive to the procedure. Their re-
sponses to the HMDs ranged from enthusiastic engagement to neutral curiosity, and
all subjects displayed calm, collaborative behavior throughout the process, allowing for
smooth facilitation and data collection.

3. Results
This chapter presents an analysis of participants’ responses to the educational

narrative-based 360◦ video VR experience, combining physiological data, subjective assess-
ments, and cross-group comparisons to explore how users engaged with the content at
cognitive, emotional, and attentional levels. In this context, an important premise is that the
analysis of EDA in this study does not aim to produce definitive or objective accounts of
participants’ emotional states but rather to offer a set of grounded physiological cues that
may suggest how different moments of a 360 video VR learning experience were embodied
by its viewers, in fact, given the intrinsically variable and context-dependent nature of EDA
signals, influenced by individual differences in physiology, baseline arousal, and subtle
environmental factors, alongside the calm, non-turbulent character of the video itself, the
resulting data should not be read as a direct translation of inner affective states: instead,
they provide a textured substrate from which to derive interpretive insights, revealing
possible moments of heightened attention, subtle engagement, or arousal. We are going
to integrate self-reported and physiological indicators to identify recurring patterns of en-
gagement, learning, and meaning-making. The alignment between subjective and objective
components was conducted at the level of the 26 participants from whom both types of
data were collected. Subjective results are reported for the full sample (N = 60) to provide
a general picture of the experience, while the integration with EDA was restricted to the
subsample that provided both self-report and physiological data. This ensured comparabil-
ity without artificially inflating correlations. The two datasets (full sample vs. subsample)
were therefore analyzed at different levels: subjective metrics were first examined across the
entire population, then compared with physiological responses in the reduced group. In the
first place, we will illustrate the data collected through the subjective assessment, to obtain
a first insight of how the experience was overall received; then, we will examine group
intersections, exploring how different experiential traits, such as engagement, embodied
learning, technology acceptance, and physiological reactivity, tend to co-occur or diverge
across participants; finally, a phase-by-phase analysis of Electrodermal Activity identifies
moments within the video that elicited consistent peaks in physiological arousal, offering clues
about the narrative structure’s effectiveness in sustaining attention and emotional activation.

To enable meaningful performance comparisons across parameters with different un-
derlying scales and calculation logics, all scores were normalized to a common 0–10 range.
Parameters included direct ratings on a 5-point Likert scale as well as computed differences
between pre- and post-experience measures or between individual values and multi-item
means. For consistency, scores based on Likert ratings were normalized using min-max
scaling on the [1, 5] interval and multiplying the result by 10, while difference-based met-
rics, whose theoretical range spans from −4 to +4, were normalized on the [−4, +4] range
and then multiplied by 10 as well.

Overall, the data suggest that the content was well received. As is visible in Figure 2,
among the total sample of 60 participants, 34 SwC (no EDA) and 26 EDA participants
reported moderately high engagement (normalized score = 6.7), alongside a positive shift
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in self-perceived knowledge (normalized score = 6.5) and a notable attitudinal change
(normalized score = 6.6) in favor of the theme presented. The normalized average semantic
differential score (=5.3) indicates that, even if modestly, the video encouraged participants
to reframe the topic with more emotionally connoted or nuanced meanings. Notably, the
selected keywords to describe Made in Italy ceramics tended to change from “detail” to
“slow crafting” and “imperfection”. Technology acceptance was moderately high (nor-
malized score = 7.3), suggesting participants tolerated the technology well and generally
enjoyed the experience but did not overwhelmingly embrace it. On average, participants
made 3.1 errors in the post-experience sorting task, providing a baseline indicator of how
well factual content was retained or understood under the constraints of a narrative-driven,
immersive learning format. Even if moderate, differences across participant backgrounds
revealed further nuances. Bachelor’s students in product design reported the highest level
of engagement (7.2) and technology acceptance (8) but showed average semantic shift (5.3)
and slightly below average attitude change (6), possibly reflecting a more pragmatic,
design-process-oriented framing of the content.

Figure 2. Performances. The figure shows the mean score achieved in each investigated aspect of the
experience, on a normalized scale from 0 to 10 to account for different ranges.

In contrast, interaction design master’s students showed the highest attitudinal shift (7)
and semantic reframing (5.7) despite slightly below average technology acceptance (7),
suggesting a stronger emotional or reflective response. Product design master’s students
reported relatively high engagement (3.7) and consistent learning gains (6.4) but also had
the lowest technology acceptance score (6.8) and the highest error rate (3.9) in the sorting
task, which may point to greater sensitivity to the medium’s limitations or challenges in
extracting structured information from the narrative. Finally, entrepreneurs showed the
greatest perceived knowledge gain (6.9) and semantic differential change (6), perhaps due
to lower initial familiarity with the content and greater openness to personal or cultural
interpretation. These variations point to the relevance of disciplinary context and prior
experience in shaping how participants make sense of immersive content, not only in terms
of usability or performance, but also in emotional and cognitive reframing.

The intersection analysis of subject group memberships across the 60 participants re-
vealed multiple recurrent patterns that shed light on engagement dynamics and experience
interpretation during the VR learning session. Notably, a strong co-occurrence emerged be-
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tween above average engagement and above average technology acceptance, with 25 subjects
(EDA4, EDA5, EDA6, EDA7, EDA8, EDA13, EDA15, EDA21, EDA22, EDA23, EDA25,
SwC3, SwC6, SwC9, SwC11, SwC14, SwC15, SwC18, SwC19, SwC20, SwC21, SwC27,
SwC28, SwC29, SwC33) present in both groups, suggesting that engagement and accep-
tance may reinforce one another.

A significant triple intersection was observed across above average engagement,
above average technology acceptance, and above average semantic differential, where
11 participants (EDA6, EDA7, EDA11, EDA13, EDA15, EDA25, SwC11, SwC15, SwC21,
SwC27, SwC28, SwC33) not only demonstrated sustained attentional involvement and
positive evaluations of the technological medium but also demonstrated a semantic shift
in how they interpreted the cultural content of the experience. This 18% subset of the
population may represent the most holistically responsive users, suggesting that cognitive,
affective, and usability-related satisfaction may be positively correlated.

As shown in Figure 3, another notable intersection was observed between participants
classified with above average engagement and above average embodied learning, encom-
passing 14 individuals (EDA3, EDA6, EDA13, EDA16, EDA19, EDA22, EDA23, EDA25,
SwC2, SwC12, SwC14, SwC20, SwC21, SwC28), corresponding to 23% of the total sample.
This overlap indicates a convergence between attentional focus and self-perceived cognitive
assimilation. Within this subset, 9 participants (EDA6, EDA13, EDA22, EDA23, EDA25,
SC14, SC20, SC21, SC28) also demonstrated above average technology acceptance, forming
a distinct intersection across three key experiential dimensions, engagement, learning, and
attitudinal openness to the medium. Representing approximately 15% of all subjects, this
group may exemplify an optimal profile for immersive educational content, characterized
by consistent receptivity across cognitive, affective, and technological parameters.

Patterns among below-average groups also revealed meaningful insights. The inter-
section of below-average engagement and below-average technology acceptance included
16 subjects (EDA12, EDA17, EDA18, EDA20, EDA24, SwC1, SwC4, SwC5, SwC8, SwC10,
SwC13, SwC16, SwC25, SwC30, SwC32, SwC34), suggesting that disengagement was often
accompanied by reduced affinity toward the VR system, possibly limiting the depth of
learning. Similarly, below-average engagement and below-average embodied learning
overlapped in 10 participants (EDA2, EDA10, EDA24, EDA26, SwC4, SwC5, SwC8, SwC10,
SwC25, SwC26), highlighting the critical role of engagement in supporting meaningful
cognitive outcomes.

When examining how prior VR experience relates to user traits, participants encoun-
tering HMD VR for the first time were represented across both high and low-performing
groups, suggesting no univocal trend. However, a subset of first-time users, such as EDA6,
EDA15, and EDA25, stood out for their presence in multiple above-average groups, includ-
ing engagement, technology acceptance, and embodied learning. Interestingly, first-time
users reported higher pleasantness scores on average (4 out of 5 vs. 3 out of 5), which may
have positively biased their classification into the above-average technology acceptance
group. This raises the possibility that, for novice users, initial affective excitement may
temporarily elevate perceived acceptance, even if their cognitive or embodied engagement
is less developed. Conversely, experienced users, while showing comparable resilience
to cybersickness, may have rated the experience more critically, perhaps due to higher
expectations or diminished novelty effects. Still, several experienced users, most notably
EDA13, EDA22, and EDA23, appeared across nearly all positive trait clusters, combining
high engagement, technology acceptance, and embodied learning with stable physiological
indicators (e.g., least oscillating slopes and no spikes). This suggests that sustained positive
outcomes may depend less on novelty and more on an integrated response profile, where
prior familiarity supports more stable attentional and affective involvement. Taken together,
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these intersections do not point to definitive profiles but rather highlight emerging patterns
that may inform future inquiry. Engagement in immersive learning may take multiple
forms, ranging from emotionally reactive to sustained and focused, and its relationship
with other traits appears to be complex and context dependent.

Figure 3. High performing group intersections. The chart offers a visualization of the overlapping of
high performances in the areas of technology acceptance, attention, and engagement and embodied
learning. As shown in the legend, three shades of blue were used to represent the areas. From darkest
to lightest: Technology Acceptance, Attention and Engagement, Embodied Learning.

When considering physiological responses, it has been observed that positive mean
slope trends by phase, indicative of increasing arousal throughout the experience, were
present in only a few participants (9, 21, 25), yet these individuals consistently aligned
with other positive traits, including high engagement, high embodied learning, or high
technology acceptance. This suggests that a gradual build-up of emotional activation may
characterize the most holistically engaged users.

Finally, the continuous analysis of Electrodermal Activity (EDA) across the video
experience allowed us to identify specific phases associated with heightened physiological
activation, providing data-driven insights into which segments were most engaging for
participants. This approach enabled a phase-by-phase mapping of arousal without inter-
rupting the experience or relying on retrospective self-reports, which are often subject to
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memory bias and limited temporal resolution. Specifically, as observable in Figure 4, the
phases most frequently associated with positive slope trends across subjects, indicating
a sustained increase in sympathetic activation, were the 2nd phase, 6th phase, 12th phase,
and 13th phase.

Figure 4. Oscillations in arousal by phase. The figure allows a visualization of the sum of total
positive mean slope scores and peaks occurring by phase.

These moments may represent key points of increased attention or emotional engage-
ment, suggesting that the temporal progression of the narrative induced gradual shifts
in engagement. In parallel, the highest number of EDA spikes, reflecting brief but in-
tense changes in arousal, were observed in the 14th phase (30 spikes across 14 subjects),
11th phase (29 spikes across 15 subjects), and 5th phase (23 spikes across 15 subjects). These
results highlight discrete moments of heightened physiological response, which can be
interpreted as peaks of immediate attentional or emotional reaction shared across multiple
subjects. Continuous physiological monitoring allowed us to capture both gradual trends
and sudden shifts in engagement throughout the video without introducing response
fatigue or disrupting the experience with in situ questioning. This method offers a reliable
and non-invasive way to evaluate narrative structure and pacing and can inform the design
of future immersive educational or experiential content by identifying which segments
consistently elicit user activation.

Taken together, the findings suggest that the immersive learning experience was mod-
erately effective in fostering a multidimensional form of engagement, combining attentional
focus, emotional resonance, and moderate cognitive gains. High engagement, embodied
learning, and technology acceptance co-occurred among certain participants, suggesting
such experiential aspects could be positively correlated in a virtuous cycle, unveiling the
potential of immersive narratives; however, the data also highlight the variability of user
responses, dependent on the subjective and situated nature of the experience.

4. Discussion
This study set out to explore the potential of low-threshold immersive technologies,

specifically the 360◦ 3DoF video, to generate cognitively effective, emotionally engag-
ing experiences in the context of sustainability education. Grounded in the hypothesis
that narrative-driven immersion could stimulate both embodied knowledge and attitu-
dinal reflection, even in the absence of full interactivity, the project aimed to validate
a hybrid evaluation framework capable of capturing these multidimensional outcomes
through a combination of subjective and objective metrics. The preliminary findings of the
EMOTIONAL project confirm that immersive storytelling, even when delivered through
so-called “low-intensity” media like 3DoF 360◦ video, can be effective in promoting embod-
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ied learning, emotional resonance, and value-oriented engagement. While such formats
are often considered limited in comparison to full-scale VR environments with six degrees
of freedom (6DoF), these technical constraints do not necessarily reduce educational or
affective impact. In the EMOTIONAL project, communicative efficacy was enhanced
through a first-person narrative delivered by the object itself, transforming inert matter
into an expressive protagonist. This approach, rooted in emotional design and material
storytelling, appears to foster empathy and identification, amplifying users’ affective and
cognitive immersion. Moreover, the restriction of physical movement inherent to 3DoF may
function as a cognitive advantage: by reducing navigational complexity, users can direct
more attentional resources to the emotional and semantic dimensions of the experience.

These results directly address RQ1, showing that immersive 360◦ video can indeed
foster a multidimensional form of engagement in sustainability education. Participants
reported moderate-to-high levels of emotional involvement, self-perceived knowledge
gains, attitudinal change, and semantic reframing, demonstrating that sustainability mes-
sages were absorbed beyond a purely didactic level and supported through embodied and
affective pathways.

Our findings are consistent with prior research demonstrating that narrative coherence
and emotional salience can compensate for limited interactivity in immersive experiences.
Similarly, the role of emotional design in promoting memory retention and behavioral
intention aligns with theoretical models and extended immersive storytelling design. The
integration of narrative design and immersive media thus emerges as an effective lever for
transformative learning.

The hybrid evaluation framework employed in this study-merging self-report instru-
ments with physiological measures (Electrodermal Activity)-enabled a layered analysis of
user engagement that captured both conscious reflection and unconscious arousal. EDA
analysis revealed patterns of physiological reactivity that closely mirrored participants’
self-reported levels of attention, engagement, and narrative impact. This provides an
explicit answer to RQ2: physiological measures offered complementary evidence of engage-
ment by identifying narrative phases associated with heightened sympathetic activation.
Importantly, EDA revealed temporal dynamics, gradual build-ups, and discrete spikes that
questionnaires alone could not capture, highlighting the role of narrative pacing in shaping
emotional engagement.

Interestingly, users with prior VR experience tended to demonstrate superior per-
formance in procedural learning tasks (e.g., recall of manufacturing stages), suggesting
that familiarity with the medium may free cognitive resources for content assimilation. In
contrast, first-time users reported higher affective engagement and showed more signifi-
cant semantic reframing, confirming a novelty effect that enhanced emotional receptivity.
In conclusion, while the framework presented in this study is preliminary and requires
further validation across diverse contexts and populations, it is not only a post-hoc tool for
evaluation but a strategic design support mechanism, capable of guiding content creation.
Taken together, these findings confirm that immersive 360◦ narratives can engage learners
cognitively and emotionally, that experiential dimensions such as engagement, learning,
and technology acceptance tend to converge, and that physiological monitoring enriches
understanding by mapping how such engagement unfolds. In a time marked by intercon-
nected ecological, social, and cultural crises, immersive technologies, when grounded in
systemic, participatory, and emotionally resonant design, can offer powerful platforms for
value transmission, critical reflection, and sustainable behavioral change.
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5. Limitations, Practical Implications, and Future Directions
Nevertheless, several limitations must be acknowledged. First, this is an exploratory

study with a relatively small and culturally homogeneous sample (N = 60), composed pri-
marily of students and professionals in the fields of design and Italian craftsmanship. While
this focus facilitated methodological control and initial protocol validation, it limits the
generalizability of findings to broader or international populations. In particular, it remains
unclear whether the attitudinal shifts observed in this study would persist with non-design
audiences, such as engineers, educators, or policymakers, whose professional orientation
and cognitive framing may lead to different patterns of engagement with immersive media,
introducing potential affinity or motivation bias. Design students and professionals may
be particularly sensitive to narrative, aesthetic, and emotional aspects, whereas other audi-
ences might prioritize analytical accuracy or policy relevance. In this light, future research
should therefore examine how diverse professional backgrounds mediate the reception of
immersive experiences, in order to test the transferability and robustness of the research
beyond the cultural and cognitive context of design. This aspect needs to be carefully
addressed in future studies by involving participants from diverse fields and demographic
profiles. Additionally, the experimental sessions were conducted in highly controlled
environments (immersive labs and innovation events), which, while methodologically
rigorous, do not reflect the conditions under which such content might be accessed at scale,
e.g., in schools, museums, public exhibitions, or domestic contexts. The replicability of
the observed effects in less structured environments remains to be tested since the highly
controlled lab environments may have inflated engagement metrics by minimizing sources
of distraction and discomfort. In real-world settings, factors such as limited attention span,
environmental noise, or the onset of cybersickness could significantly affect learners’ ability
to sustain meaningful interaction with immersive content, thereby challenging the robust-
ness of the observed effects. In particular, cybersickness may reduce exposure time and
hinder emotional immersion, while distractions can fragment attention and compromise
learning outcomes. These contextual variables also have implications for the assessment of
EDA: while in laboratory conditions EDA can be more reliably interpreted as a proxy for
arousal and engagement, in non-controlled settings, physiological signals may be con-
founded by extraneous stimuli, stressors, or physical movement. This underscores the
importance of testing the framework in authentic educational and public contexts, not
only to evaluate the robustness and scalability of the observed effects but also to refine
measurement strategies that can disentangle meaningful psychophysiological patterns from
environmental variability. Concurrently, concrete pathways for real-world implementation
should be identified and pursued. For instance, museums could incorporate 3DoF VR
narratives alongside physical exhibitions, enabling visitors to engage emotionally and
reflectively with content, while minimizing the need for advanced digital skills. Similarly,
educational institutions could incorporate these experiences into classroom curricula, with
experts guiding students to ensure proper contextualization and interpretation, enabling
them to explore complex sustainability topics through immersive storytelling effectively.
For these reasons, future research should expand testing to more diverse, cross-cultural
samples varying in age, education, and digital literacy, as well as in different contexts, in or-
der to assess the framework’s robustness across learning domains and sociocultural settings.
Longitudinal studies are also essential to evaluate whether short-term attitudinal shifts
translate into durable behavioral changes, especially in domains such as environmental
awareness, sustainable consumption, and material culture appreciation. To support claims
regarding durable behavioral change, future studies could implement a combination of
different approaches, including repeated surveys or diaries tracking participants’ practices
over time, behavioral observations, post-study monitoring of specific habits such as ceramic
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consumption, and collaborations with artisans or community organizations to measure
object repair, reuse, or sustainable production practices. These strategies would provide
empirical evidence of sustained behavioral impact, strengthen the translational relevance
of the framework, and guide the design of immersive experiences that effectively promote
sustainable behaviors.
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Appendix A
In this section we are going to illustrate into detail the equations used in the slopes analy-

sis. To enable meaningful comparisons across participants, the slope values were normalized
to account for inter-individual variability: each subject’s slope values were transformed into
z-scores, using their own mean and standard deviation across the 14 phases:

z = (x − µ)/σ (A1)

where x is the slope of a given phase, µ is the subject’s mean slope across all phases, and σ is
the corresponding standard deviation. To classify the magnitude of the slopes into discrete
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categories, binning was applied using Scott’s rule [52] First, the full set of normalized slope
values was collected (26 subjects × 14 phases = 364 data points). Then, the minimum,
maximum and standard deviation of the dataset were computed. The optimal bin width h
was calculated using Scott’s formula:

h = 3.49·σ/nˆ1/3 (A2)

where σ is the standard deviation and n the number of observations.
The number of bins was then calculated by dividing the data range by h:

Number of bins = (max(x) − min(x))/h (A3)

Next, the bin thresholds were computed iteratively using the formula:

Bini = min(x) + h·i (A4)

This produced a set of equally spaced intervals that covered the range of normalized
slope values. Finally, the resulting bins were grouped into five ordinal tiers centered around
the mean (z = 0), and labeled as follows: −2, −1, 0, +1, and +2.
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