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In an increasingly convergent landscape where Design, Art, and Technology intersect to transcend
disciplinary boundaries, immersive storytelling design is emerging as a strategic tool for crafting
experiences that are both culturally resonant and creatively compelling. This paper aligns with such a
trajectory by exploring the potential of 360-degree video (an apparently “lower-tier” technology
compared to more advanced extended reality solutions) as an expressive medium capable of activating
culturally grounded narrative forms. Despite this potential, a significant gap persists in the literature:
the absence of structured frameworks for evaluating the effectiveness of immersive content,
particularly in terms of its emotional and narrative impact. Existing evaluation models tend to rely on
dated paradigms focused narrowly on virtual perception and digital reconstruction, lacking sensitivity
to the cultural and affective dimensions of immersion. The proposed framework also aims to investigate
possible behavioural changes in users exposed to immersive storytelling experiences, particularly in
relation to perception, attention, and meaning-making. Furthermore, the case study explores how
immersive narratives can support engagement with contemporary sustainability challenges through
emotionally driven and value-centered communication. Through the EMOTIONAL case study, this paper
proposes a hybrid assessment method based on a dual system of data collection: subjective (a
simplified questionnaire using theme-based “cards,” developed from existing literature), and objective
(monitoring of biometric data - with a focus on electrodermal activity - and qualitative observation
conducted by psychologist). The framework has been internally validated by a selected research group,
with the aim of investigating the effectiveness of immersive storytelling design in conveying cultural
values related to Made in Italy and sustainability. Preliminary results highlight the relevance of an
integrated methodological approach in both the design and evaluation of immersive content, capable
of reshaping how users attribute narrative meaning and emotional engagement. Therefore, this
contribution offers a foundational step toward the development of updated evaluation practices within
the intersection of Design, Art, and Technology, outlining theoretical and applied directions for future
research.
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1 Introduction

1.1 Design, Art & Technology

The meaningful interplay between the disciplines of art, design, and technology is essential, notin a
hierarchical structure where one serves the others, but rather as a triadic collaboration in which
boundaries are pushed and conventional norms are critically challenged. This dynamic fosters a
culture of experimentation, particularly relevant in today’s landscape marked by the
spectacularization of technology (Lughi, 2018). Such spectacle, however, risks being vacuous if it
lacks substantive content and deeper meaning, especially within the context of the decline in
attention span in the digital age (Shanmugasundaram & Tamilarasu, 2023). To counteract this
phenomenon, design methodologies offer a powerful framework to embed meaning into narratives
that incorporate advanced digital technologies. This is achieved through a critical approach
grounded, among others, in User Experience with its integrative focus on perception, action,
motivation, and cognition in designed experiences (Wells, 2023), in Speculative Design which
challenges assumptions and provokes reflection on possible futures (Auger, 2013); in Emotional
Design by emphasizing the affective connection between the user and the experience (Norman,
2004); in Strategic Design which activates design as a strategic tool for systemic transformation
(Carella & Zurlo, 2024) and in Design Fiction which leverages narrative provocation and wonder to
engage users in techno-social conflicts (Sterling, 2005). In parallel, methodologies derived from the
arts, particularly from theatre, play a vital role. Through practices such as perspective-taking, theatre
enables a shift in viewpoint that turns users into protagonists by enhancing emotional engagement
and participatory immersion (Kerrison, 2022). This integrated approach facilitates what has been
termed narrative storyliving (Vallance & Towndrow, 2022), an experiential form of storytelling that
pushes boundaries and challenges conventions. It results in culturally resonant, creatively
compelling experiences where the virtual atmospheric dimension becomes a key emotional-
narrative agent, fostering deeper empathetic connections with the audience through the synergy of
disciplines.

1.2 Emotional Communication for Sustainability

The aforementioned framework acquires even more relevance in the light of the challenge for
environmental and social sustainability: in recent decades, a collective rise in awareness occurred,
which resulted in a new systemic perspective where existing issues are not ascribed only to the
assets and resources involved in the manufacturing industry, but rather it is considered the large
number of actors at play and the complexity involved in the intricate interweaving of their mutual
interactions. In this context, increasing attention is paid to the role played by the consumer and,
specifically, to the way they relate to objects. Globalization and mass consumption have resulted in a
productive-cultural paradigm that encourages fast-paced cycles of purchase and disposal, in which
objects seldom ever acquire personal meaning for users and consequently hardly leave the social
role of commodity (Hermann, 2021): throughout their life cycle, their value is limited to the
performance they can provide, fueling a dynamic that has an inestimable environmental and social
impact. Against this background, there is a clear need to interweave art, design, and technology in
order to contribute to the emotional durability of products, (Maclachan et al. 2009; Harold, 2020;
Jetti & Dhar, 2024) giving rise to novel narratives that suggest new scenarios where the current
relationship between people and objects is challenged, in favor of new outlooks where it is not
characterized solely as a transaction of practical instances, but instead goes to a more intimate level.



To this end, the design and use of immersive experiences is particularly effective: they, in fact, allow
for the creation of narratives capable of communicating on multiple levels, going beyond a merely
cognitive storage of information and rather allowing for a meaningful absorption that leverages
emotions, enhancing the message and creating deeper connections (Rachmad, 2022).

1.3 Emotional Immersive Storytelling Design

In this scenario, the adoption of immersive storytelling design could enable users to establish a
deeper and more meaningful connection with narrative content, through a sensorimotor and
emotional resonance (Kukkakorpi & Pantti, 2021). Immersive environments, conceptualized as
simulated spaces that either replace or augment physical reality through the integration of
multimodal stimuli, facilitate, in fact, this process by inducing a strong sense of presence and
emotional involvement (Forrest & McKimm, 2019). These potential positions the immersive
storytelling design as a powerful medium for perspective-taking, namely a cognitive-emotional
process in which users adopt the subjective position of another (Julmi, 2018). Immersive enactment
allows users to experience distant or unfamiliar perspectives, enhancing empathy, ethical reasoning,
and engagement with global challenges, making it especially valuable for educational and social
purposes. In this research, the deliberate selection of lower-threshold extended reality (XR)
technologies -such as 3 degrees of freedom VR systems and specifically 360-degree video- is not
indicative of technical limitation, but rather of strategic narrative intent. This format, in fact,
facilitates a form of immersion that is cognitively accessible and emotionally compelling, especially
for broader, non-specialist audiences (Coker et al., 2021). Moreover, 360-degree storytelling aligns
closely with artistic methodologies, drawing upon cinematic and performative techniques to
cultivate affective attachment and narrative coherence, converging technological mediation and
artistic expression (Dixon, 2006). In this domain, immersive storytelling design can facilitate a
paradigmatic shift in audience positioning, from detached observers to embodied participants,
thereby activating moral imagination and ethical responsibility (Sanders & Stappers, 2008). Such
narrative configurations allow users to engage through embodied simulation and perspective-taking,
turning abstract themes into lived experiences. This immersive engagement fosters lasting
attitudinal change and enriches public discourse on pressing global issues.

1.4 360 Assessments for 360 Videos

As so far demonstrated, 360 videos are a by now well-known and thoroughly explored technology
and a tool of easy implementation and fruition (compared to more advanced and complex
technologies); in order to use them to achieve compelling narratives, it is essential to be able to
adequately test the effectiveness of the proposed experiences through valid tools of assessment, but
currently there seem to be some challenges to this end that research unveils day by day. Originally,
the most long-tenured 360 videos assessment methods were conceived to frame their topic of
scrutiny through a narrow lens, aimed to analyze and break down a single aspect - for instance the
cybersickness - of a complex experience. Recently, the approach to the development of such
frameworks seems to have shifted towards a more holistic perspective, recognizing the dense
intertwinement of the great number of parameters that contribute to the yield of the experience
and therefore trying to obtain from respondents a full-rounded feedback that does not leave behind
any potential element of disturbance, while inspecting the main topic under scrutiny.



To better understand the stance behind this shift, it is useful to visualize different areas of
assessment as a sequence of steps, where each one is a conditio sine qua good performances are
unlikely achieved in the following ones: the quality of devices and softwares involved is fundamental
in creating a low cybersickness environment that enables a sense of presence, (Weech et al. 2019)
which, in turn, is fundamental for emotional engagement and empathy. This sequence, as illustrated
in fig. 1, seems to reflect (Norman, 2004) levels of emotion, where the first steps impact the visceral
level, i.e they affect the first impression the user gets of the experience, and, as complexity grows
and so do immersion and engagement, the reflective level, i.e the domain of conscious processing,
comes into play. Assessing the narrative effectiveness of a 360 video is equivalent to assessing its
ability to affect the one’s meaning-making process.

EMPATHY
EMOTION
ATTENTION

SENSE OF
PRESENCE
CYBERSICKNESS

COGNITIVE LOAD

VIDEO QUALITY

)
>

visceral level of emotion reflective level of emotion

Figure 1. sequence of steps determining Quality of Experience

The first challenge with implementing this holistic perspective is posed by the limitedness of one of
the most precious resources in any Subjective Assessment, i.e. the attention span of respondents: if
the use of fourteen questions, like in the case of Igroup Presence Questionnaire, for the measurement
and break down of a single parameter is acceptable in monothematic assessments, when the
inspected variables increase in number issues might arise. Taking long questionnaires can be especially
demanding and tiresom for respondents, risking to lead to less precise results due to survey fatigue
and subsequent careless responses (Zmuk, 2017; Welz & Alfons, 2023). Another relevant hurdle has
to do with the lack of extensive research conducted specifically for 360 videos, in absence of which
there is a tendency to rely on frameworks that address VR at large and that, more often than not,
involve some degree of interaction or tasks the user needs to perform. Moreover, even taking in
consideration such frameworks, findings show an abundance of literature covering the assessment of
technical aspects (both with objective assessments and subjective ones, in some cases even Al
algorithms that predict the results of the latter) like video quality and other HMDs performance
parameters, (Yu et al. 2015; Orduna et al. 2020; Orduna et al. 2023) or experiential aspects that
constitute the main challenges specific to VR, like cognitive load (Hart, 2006; Zhu et al. 2022),
cybersickness (Kim et al. 2018; Kourtesis et al. 2022) and sense of presence (Schubert et al. 2001;
Pannattee et al. 2025), but the lack of equally extensive and validated research conducted on topics
like emotional activation (Tabbaa et al. 2021; Xue et al. 2021) or empathy (Davis, 1980) thus addressing
the issue of 360 videos in general, and of their contents specifically, from a skewed perspective,
despite the existence of literature which provides guidelines on how to employ them to create
immersive narratives (Polydorou 2024).



In light of this, it is evident the need for new methods aimed at assessing the effectiveness of the
narrative dimension specifically of 360 videos, addressing dimensions like engagement, efficacy of
communication, attitude shifts and semantic differential, while taking into account the layered
nature of this multimodal technology and balancing it with the limited attention and energy of the
respondents.

1.5 The EMOTIONAL Case Study

Operating within the framework of emotionally-driven immersive storytelling design to foster
deeper engagement and promote meaningful connections with sustainability-oriented narratives is
the objective pursued by the EMOTIONAL project. The EMOTIONAL project -namely Experience
Made in Italy: Immersive Storytelling Design for Contemporary Values and Sustainability- is
implemented within the framework of Italy’s National Recovery and Resilience Plan (NRRP),
specifically under the PE11 - MICS (Made in Italy Circolare e Sostenibile). At the core of the project
lies the exploration of immersive storytelling design as a strategic tool for communicating the
tangible and intangible values embedded in Made in Italy products and services, with a particular
focus on experimenting with the narrative of the process in the ceramic sector. Through this
approach, it promotes the cultural, creative, and industrial heritage of Italy, while simultaneously
encouraging responsible and sustainable consumer behaviors through the application of a
perspective-taking approach. A communication strategy blending design, technology, and art creates
a 360-degree experience where the object becomes the narrator, telling its transformation from
inert matter into a meaningful, valued presence. This storytelling approach highlights material
identity and symbolism, challenging the notion of matter as lifeless and promoting more sustainable
production and consumption practices (Bennett, 2023).

The 360-degree video adopts a documentary-inspired approach that immerses the viewer within an
Italian ceramic design enterprise, offering a direct encounter with authentic processes of
craftsmanship and production. The visual rhythm foregrounds the notion of “slow making,” where
elongated gestures and a deliberate tempo highlight the cultural significance of time, care, and
material engagement. Entirely filmed from a subjective perspective, the narrative positions the
spectator as the protagonist: the ceramic lamp, as the final product, assumes the role of narrator,
recounting its transformation from raw clay into a designed object. An initial instructive voiceover
orients the audience within the virtual environment before transitioning into a sustained first-person
narration, further enriched by immersive 360-degree audio that captures the resonance of artisanal
practices. Although interaction is intentionally limited (consistent with the use of a 360-degree video
rather than a digitally reconstructed environment), the fixed perspective enhances immersion and
empathy, enabling the audience to inhabit the transformation without cognitive distraction. The
duration of approximately ten minutes ensures both narrative depth and sustained attention, while
preventing fatigue. The experience addresses a wide audience, including stakeholders, consumers,
and students, thereby aligning with the dual mission of raising awareness of sustainable practices and
promoting the cultural distinctiveness of Italian design. The narrative unfolds along a linear trajectory
that parallels the material transformation of ceramics. This progression is enriched by symbolic
references central to Italian identity craftsmanship, the dynamic interplay between tradition and
innovation, manual skill, and the bond with territory and community. Such dimensions are not treated
as abstract notions but are embodied through gestures, materials, and environments. Aesthetic
strategies further heighten the affective impact: the first-person perspective fosters identification
with the ceramic object, while interspersed poetic insertions, including quotations from poets and
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designers on emotionally-driven making, add layers of reflective depth. The conclusion is particularly
significant, with the citation of Ettore Sottsass (1963) situating ceramics as everyday companions and
cultural witnesses, juxtaposing their fragility with the destructive potential of global conflicts. In doing
so, the video elevates ceramics beyond their functional role, framing them as cultural artifacts
endowed with existential and ethical resonance. Beyond sustainability advocacy, the communicative
objectives encompass the valorization of Made in Italy’s uniqueness, the promotion of cultural
awareness, and the cultivation of affective bonds between individuals and objects. In this framework,
objects are construed not as neutral commodities but as bearers of memory, identity, and values,
inviting viewers to reconsider the profound interconnections between material culture and everyday
life.



2 Methodology
2.1 Identification of Analytical Elements for Empathic Immersive Storytelling

As emotionally immersive storytelling remains an evolving and emergent field, the identification of
analytical criteria to evaluate its effectiveness is of particular importance. For this reason, and
grounded in the specific objectives of the EMOTIONAL case study, special attention has been
dedicated to the development of a validation framework capable of assessing key dimensions of the
immersive experience. This framework is designed to capture indicators that may reveal the efficacy
of empathetic immersive storytelling design and its perspective-taking approach. The following
dimensions have been identified as particularly relevant for evaluation:

e Embodied knowledge, encompassing cognitive understanding, a sense of presence, and
emotional attachment to the narrative content. This concept aligns with the notion of the
human as a “biological embodiment” (Canepa, 2019), representing an evolutionary mutation
of phenomenological heritage that celebrates the primacy of human experience.

e Attitudinal shift regarding the themes presented in the storytelling design, with particular
emphasis on values such as heightened awareness of sustainability and cultural significance.
Communication, in this context, is understood as the process that enables recipients to
grasp the meaning of the message and consequently induce behavior change, adherence to
ideas, or awareness of services (Grimaldi, 2020).

¢ Semantic differential, employed to measure participants’ subjective responses to key
aspects of the immersive storytelling experience to quantitatively assess the connotative
meaning attributed to specific concepts or experiences

e Cybersickness and technological acceptance, focusing on the physiological and perceptual
responses elicited by the immersive medium since the presence of technology evokes both
positive and negative emotions in users by engaging their personal and moral values
(Desmet & Roeser, 2015).

e Attention and engagement, aimed at assessing levels of cognitive and emotional
involvement. Given that public attention has declined with the rise of digital technologies,
storytelling remains a powerful tool to capture audience attention, entertain, persuade, and
foster new ways of thinking (Nicoli et al. 2022).

This evaluative approach aims to contribute to the broader discourse on the design and impact
assessment of immersive storytelling experiences, particularly in domains where the activation of
empathy and value-based reflection is a strategic goal.

2.2 A testing method that integrates both conscious and unconscious responses



In the evaluation of immersive storytelling design, particularly those centered on emotionally-driven
storytelling and perspective-taking, there is a critical need for designing robust frameworks that
allow comprehensive assessment of user engagement and effectiveness by taking into account both
conscious and unconscious responses. Conscious data, such as user questionnaires, provide valuable
insights into subjective perceptions, attitudes, and intentional responses. However, unconscious
indicators -captured through physiological and biometric data- offer a deeper, real-time window into
users’ emotional arousal, attention, and embodied engagement that might not be accessible
through introspection alone. By combining these two dimensions, the framework can evaluate the
overmentioned key parameters such as embodied knowledge, attitudinal shifts towards
sustainability and cultural values, cybersickness and technological acceptance, as well as cognitive
and emotional attention levels. Such a hybrid testing method is crucial for understanding audiences
at multiple levels, fostering deeper empathy, awareness, and behavioral change.

2.2.1 Conscious Responses

Once defined the areas of interest that align with the goal of our framework, we selected useful
tools from state of the art literature and adapted and combined them, keeping into account the
need for maintaining high engagement on the respondent’s end, in fact, both the structure and the
mode of administration of the Subjective Assessment have been specifically designed to obtain a
full-rounded feedback, while reducing the involved workload as much as possible for respondents.

Following the same order delineated in the previous chapter, we will proceed to describe in detail
the resulting framework, but first, it seems relevant to outline the overall structure of the test for
clarity.

‘ 4min ‘ | 12min | | 1 min ‘

I T T T T 1
PRE- EXPERIENCE POST- EXPERIENCE

QUESTIONNAIRE —>1 EXPERIENCE > QUESTIONNAIRE

QT Q2 Q3 a4 Ql Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 QIO Qi

TA.‘E.L.‘ AS ‘ AS T.A."I'.A.:T.A.]T.A.‘A&E‘E.L.‘E.L.‘ AS ‘ AS }At.S.}AtS.

LEGEND OF QUESTION TOPIC
T.A.| Technology Acceptance AS | Semantic Differential | At.S| Attitude Shift
E.L.| Embodied Learning ASE| Attention & engagement

Figure 2. structure of the Subjective Assessment

As illustrated in fig. 2, the assessment involves a first onboarding questionnaire that aims to assess
pre-existent views about HMDs and knowledge and attitudes towards the topics later addressed in
the experience. After this preliminary phase, the respondent is invited to watch the 360 video and,
afterwards, they are asked to take a second questionnaire, which in the first place measures their level
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of technology acceptance and engagement, then detects changes in knowledge and attitude deriving
from the envisioned content.

e Asillustrated in fig. 2, the answering mode of the questions are:

e verbally annotated 5 points Likert Scale, with range: 1: “not at all”, 2: ”slightly”, 3:
"moderately”, 4: “very”, 5: “extremely”

e Visual SAM 5 points Likert Scale

e yes/no multiple choice

e sorting of 9 items by labelling them with numbers from 1 to 8, with the ninth item already
being labelled

Each questionnaire is presented to the respondent in the form of an analog deck of cards to draw from
to propose a slightly gamified experience, as having choice has generally been demonstrated to foster
motivation, satisfaction and performance (Misuraca et al. 2024), while also allowing for a clean graphic
layout of the questions, allowing the respondent to focus on one question at a time. Important things
to note, before proceeding, are, in the first place, that the questionnaire has been reviewed and co-
designed by psychologist F. Borgnis, who completed a PhD on the use of 360 videos in the context of
neuro-rehabilitative cures, and, in the second place, that the proposed framework has been
developed in the context of the aforementioned project revolving around Made in Italy, for an Italian
target, therefore all the questions were designed in Italian language and are here reported in English
at the best of our adaptation abilities with the intent of not letting any nuance in meaning get lost in
translation.

Now that the flow of the experience has been explicated, we can move forward to describe in detail
the questions designed to assess each dimension.

Embodied knowledge literature shows that, especially for practical matters, 360 videos constitute a
powerful learning tool (Ranieri et al. 2022), therefore we deemed relevant to assess the absorption of
embodied knowledge acquired during the experience about the processes of Made in Italy ceramic
manufacturing, showed in the video. Embodied knowledge is assessed in both questionnaires in order
to establish a comparison between pre-existing knowledge and acquired knowledge, therefore
respondents are asked in the first questionnaire “How confident do you feel with the manufacture of
Made in Italy ceramics?” Then, in the second questionnaire, the question is repeated with a premise
aimed at recalling the experience that has just taken place: “Now that you have lived this experience,
how confident do you feel with the manufacture of Made in Italy ceramics?” and, finally, the
respondent is asked to reorder the just witnessed 9 phases of the production of a ceramic lamp, with
the intention of assessing the effectiveness of the story-living narrative approach adopted in the 360
video in delivering educational contents.

Attitudinal shift the shift in respondents’ attitude is detected through two questions, answered
through a verbally annotated 5 points Likert Scale, that investigate one’s readiness in giving away the
object protagonist of the 360 video, from whose perspective they live the experience. Such
assessment requires two questions, adapted from a psychometric tool that measures object
attachment (David & Norberg, 2022), to cover important nuances in meaning: one question reads:
“Imagine you received the lamp from the story. How comfortable would you be giving it away as a
gift?” focusing on a type of separation that has a positive value, while the other reads “Imagine you
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received the lamp from the story. How comfortable would you be discarding it?” framing the
separation, this time, as one that has no other positive implicit social meaning.

Semantic differential after reviewing pertinent literature (Barié, et al. 2020), we concluded that to
detect any change in the significance attributed to the subjects, namely Made in Italy and the
manufacture of Made in Italy ceramics, it is useful to assess the meaning respondents attribute to
them before and after the experience, to be able to assess the effects of the 360 video. To this end,
we took as a reference the semantic differential method (Osgood, et al. 1957; Mindak, 1961; Stoklasa,
et al. 2019): we formulated, for each, a question in the pre-experience and one in the post-experience
guestionnaire, where the respondent was asked to pick, off the top of their head, three keywords out
of the ten listed. The questions read “With which three keywords would you describe Made in Italy?”
and “With which three keywords would you describe the manufacture of Made in Italy ceramics?” and
were repeated identical in the post-experience questionnaire, with the addition of the
aforementioned premise “Now that you have lived this experience,”. The keywords were labelled as
either “emotional” or “technologic”, based on their meaning, but respondents were not made aware
of this. The goal was to observe if any changes occurred in the proportion between emotional and
technological words picked before and after the experience, hence if the immersive narrative was able
to instill emotional imagery.
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Cybersickness and technological acceptance Cybersickness is assessed in both questionnaires: in the
first the respondent is asked “Have you ever used a headset for Virtual Reality?” and is required to
reply with a yes/no multiple choice. This question is designed to take note of the respondent’s level
of familiarity with VR technologies, as literature has highlighted a negative correlation between
repeated sessions and cybersickness (Kennedy et al. 2000; Page et al. 2023); then, in the post-
experience questionnaire, the respondent is asked to rate through a SAM Likert Scale, about their
level of general discomfort, nausea and headache. This question was formulated after comparing
several frameworks, from traditional ones, like MISC Scale (Irmak et al. 2021) and SSQ (Balk et al.,
2013; Kennedy et al., 1993), to more recent ones, like VRSQ (Kim et al. 2018) and CSQ-VR (Kourtesis
et al. 2022), by picking just three items out of the many listed, in order to get a general insight of the
overall cybersickness, considering the nature of the content used in this specific case, which is not
turbulent, neither interactive, and the need to keep the number of questions as low as possible. The
assessment of the Technological Acceptance followed a similar logic: after reviewing the main
available frameworks, like TAM (Davis, 1987) and UTAUT (Lee & Kim, 2022), for the purpose of our
work, it was deemed appropriate to ask the respondent a single question: “How pleasant has
wearing the headset been?” which is answered through a verbally annotated Likert Scale.

Attention and engagement The assessment of attention and engagement is performed through one
question, formulated keeping as a reference the Suitability Evaluation Questionnaire, proposed by
(Gémez et al. 2013). It is answered through a verbally annotated Likert Scale and reads “How
captivated have you felt by the experience?” in order to have a measure of attention and
engagement, while still maintaining a low number of questions.

2.2.2 Unconscious Responses

(A) In a testing scenario, unconscious responses are pivotal in shaping how individuals perceive and
engage with the content: the implicit reactions often occur below the threshold of conscious
awareness but significantly influence emotional resonance, attention, and overall engagement.
Understanding and measuring these subtle, involuntary responses is essential to gain a
comprehensive picture of user experience.

In this regard, biometric parameters are essential for capturing unconscious responses related to
emotion, engagement, and attention. Unlike self-reported measures that rely on conscious
awareness, these physiological signals provide objective insights into users’ internal states, revealing
emotional arousal and cognitive involvement that may not be consciously perceived or articulated.
Among various biometric tools, Electrodermal Activity (EDA) is particularly effective for monitoring
emotional and attentional dynamics in immersive experiences. EDA measures variations in the skin’s
electrical conductance caused by sweat gland activity, which is regulated by the sympathetic
nervous system. Since this system controls physiological responses associated with emotional
arousal and stress, EDA offers a direct indication of affective states. When users experience
heightened emotions or focused attention, sweat gland activity increases, leading to measurable
changes in skin conductance. Its non-invasive nature and sensitivity to subtle autonomic nervous
system fluctuations make EDA well-suited for continuous, real-time monitoring in applied contexts
(Acerbi et al., 2017). Within immersive storytelling, where emotional engagement and sustained
attention are critical for efficacy, EDA provides a reliable physiological complement to subjective
assessments. Its ability to capture implicit emotional and attentional responses enables a richer
understanding of how narrative elements impact users, thereby informing the design and
optimization of immersive experiences to enhance emotional resonance and cognitive involvement
(zalabarria et al., 2017).
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(B) Concurrently, the direct observation of participants by trained psychologists plays a crucial
complementary role in the evaluation process. While biometric data such as EDA provide objective,
quantifiable insights into unconscious physiological responses, the presence of expert observers
enables the identification of nuanced behavioral cues (such as facial expressions, body language,
micro-gestures, and shifts in posture) that may not be fully captured by sensors alone. This
interpretive layer is especially valuable in understanding the context and meaning behind biometric
fluctuations, as well as in identifying discrepancies between physiological responses and self-
reported feedback. Psychologists can also assess participants' verbal and non-verbal reactions during
debriefing sessions, offering further depth to the analysis by exploring how users reflect on their
experience once conscious processing has taken place. This ensures that the emotional and cognitive
impacts of the narrative are understood not only through abstract data points but also through lived,
observed experience.

2.2.3  Sampling Design

A crucial factor to the purpose of testing the proposed framework was purposeful selection of
respondents. The criteria we used to define this aspect derive from compliance to the guidelines
detailed in the document ITU-T P.919 (10/2020) Recommendations: Subjective test methodologies
for 360¢° video on head-mounted displays, that indicate that for a sample to have statistical power, a
minimum of 28 subjects is recommended. Even considering this experiment as a pilot-test, another
relevant goal was that of obtaining as much insights as possible from respondents, actively
considering, ahead of practice, factors that may impact one’s perception of the themes treated by
the immersive storytelling. In light of this we established a total sample of 45 subjects and, to put in
practice a purposeful sampling strategy (Palinkas et al. 2015), we followed a similarity logic and
divided it into 3 homogeneous groups of 15 subjects each. Findings, in fact, show that homogeneity
in samples and therefore the reduction of within-group variability, has been found to significantly
increase statistical power (Heidel, 2016).

2.3 First Internal Validation

Once the framework was defined in all its theoretical details, we strategically carried out a first
internal validation to identify, ahead of a proper testing session, any areas that may require fine-
tuning or optimization and to acquire practical experience of the blueprint the test would involve.
The sample was constituted by three professors and two researchers that, in turns, underwent the
whole process, allowing us to obtain some first results on the validity of the framework and
experience on how to guide and assist subjects through the three phases. The test took place at
Politecnico di Milano, in the Virtual Theater of EDME laboratory, a space designed for the fruition of
diverse media acoustically isolated to avoid any element of disturbance, in accordance with ITU-T
P.919 recommendations. The assets involved were: the cards of the questionnaire, pens to tick
answers, an Oculus Meta Quest 3 for the reproduction of the 360 video, a swivel chair and, for the
biometric sensing, disposable electrodes and a ANALOG DEVICES EVAL-AD5940BIOZ connected to an
ASUS ZenBook Pro 15 laptop, which received and displayed the data through SensorPal and output it
with RealTerm. While the results of the assessment were promising, a few practical issues needed to
be addressed before the pilot-test: despite the recommendation, present in the ITU-T P.919
document, for subjects to sit on a swivel chair for increased immersion, we quickly noticed that due
to the cabling involved EDA measurements, such degrees of mobility were not possible, therefore,
the part of the sample which would undergo biometric sensing, would have to sit on a stationary
chair.
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Other issues were related to the HMD: the first one regards its ease of use, in fact, respondents
noticed that interacting with the interface to start the video was not so intuitive for first-time users,
therefore this task was performed by the moderator through the use of the joystick of the device,
followed by a short communication with the subject to ensure success; the second issue was
encountered in relation to the durability of the battery of the device, which had to be taken into
consideration when scheduling the actual testing sessions, since one reproduction of the video
costed 10% of the battery. Another matter had to do with the practicality of data collection: despite
the advantages in engagement analog cards grant, their use requires careful handling, in order to
avoid erroneous mixing that could result in altered outcomes. We therefore bundled questions
together with elastic bands, so that each subject would have their own bundle that was readily
wrapped together again after use and, later, transcribed in Excel Spreadsheet format. In light of this
experience, we calculated that for each subject a time span of 20 minutes had to be expected, so we
scheduled the pilot-test sessions accordingly.

2.4 Pilot-Test

The test took place on the 19th and the 20th of May, current year, at Politecnico di Milano, in the
Virtual Theater of EDME laboratory. The assets involved were the same employed in the preliminary
test, with the addition of a Pico 4 HMD. Subjects participated on a voluntary basis and were divided
in three groups by similarity: students enrolled in the Bachelor’s Program of Product Design,
students enrolled in the Master’s Program of Product Design and students enrolled in the Master’s
Program of Interaction Design.

The subjects were informed that the test would involve wearing a HMD to watch a 360 video in the
context of a project regarding Made in Italy and that they would be required to answer multiple
choice quick questions in written form, but they were not anticipated anything about the scope of
the research or the material they were going to envision, not to condition their mindset. They were
also informed that they may be asked to wear sensors on their hand, kept in place by disposable
electrodes, to measure their EDA, but that they could opt not to, due to health conditions or just
personal preference. The subjects were notified in advance that pictures of them might be taken
during the assessment to document the event, and they were asked to sign a photo release form,
attesting their compliance. The test was structured in three sessions of the duration of 2h and 20
minutes each, one for each group. Two moderators worked in parallel using, each, one of the HMDs
and divided by a sliding curtain to create private areas inside of the Virtual Theater: subjects were in
fact reassured that there would not be other people watching, except for the psychologist that could
occasionally observe their behavior and for their moderator, who would silently remain by their side
in case they needed assistance or for further guidance. EDA measurement, carried out on 26 people
out of the total sample, was performed on subjects who used the Oculus Quest 3, which were
therefore requested to sit on the stationary chair, while subjects who used the Pico 4 sat on the
swivel chair. Subjects seemed either enthusiastic or indifferent towards the HMDs, they appeared
serene and showed collaborative behavior. They were inquisitive about the sensors but claimed to
be at ease with them, they asked how they worked and what was the purpose of their use and we
satisfied their curiosity.
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3 Conclusions

3.1 Results and discussion

After collecting the questionnaires, we analyzed the data at our disposal. To allow for consistent
comparisons across variables differing in scale and computation method, all results were normalized
to a unified 0—-10 range. The dataset included both direct assessments collected on 5-point Likert
scales and derived indicators such as pre-/post-experience differences or deviations from aggregated
means. Scores originating from Likert ratings were normalized through min—max scaling over the [1,
5] interval and then converted to a 0—10 range, while difference-based measures, whose theoretical
values extend from —4 to +4, were similarly normalized using that range before being multiplied by
10. Findings regarding the whole sample, which the reader can find in Figure 1 highlight that the
experience performed well in engaging users and that it achieved discrete results in conveying
knowledge and played an active role in subjects’ meaning making processes and attitudes towards the
treated topic.

Average normalized performance score by area of inquiry, whole sample

Technology
Acceptance

10

Attitude Attention and

Shift \ ] / Engagement

Semantic Embodied
Differential Learning

Figure 1 The chart illustrates the average score of the whole sample in all investigated areas
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There were no significant differences in performances between the subset of subjects who had their
EDA data collected, sitting on a stationary chair, compared to the rest of the sample, despite the
potential disturbance the sensor and the reduced degree of mobility could constitute and the ITU-T
P.919 recommendations.

An interesting difference was noted regarding first time users vs users with previous experiences
with HMDs. In fact, first-time users reported higher Technology Acceptance (8.2 compared to 7.3)
compared to those who already used HMDs in the past, a trend that has taken place regarding
Attention and Engagement as well (with the previous-experience cluster performing 6.9 and the
first-experience cluster performing 7.8). This relation seems to be inverted regarding Embodied
Learning (1stexp 6.6 alr.xp 6.7): , Semantic Differential (1stexp 5.4 alr.xp 5.9) and Attitude Shift
(1stexp 6.2 alr.xp 7.3), instead, where experienced users performed better. While these subsets are
not numerous enough to achieve sufficient statistical power and establish objectivity, a reading key
to these results could be that first time users were fascinated by the new medium, which may have
resulted in an increased tolerance of the headgear and in an increased sense of immersion, while
subjects with previous experience may have been unimpressed or used to the technology, therefore
they were able to focus on the content without distractions.

As observable in Figure 2, across the three groups, results showed generally consistent patterns with
only minor variations between categories. The Product Bachelor group tended to report slightly
higher levels of technology acceptance and engagement compared to the others, suggesting a
somewhat greater openness and attentional involvement during the experience. Interaction
Bachelor students instead exhibited a modestly higher attitude shift, indicating a more noticeable
change in perception or disposition following the activity. The Product Master group displayed an
overall balanced profile, with scores remaining close to the sample average across all dimensions.
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Average normalized performance score by area of inquiry, subsets stratification

Technology
Acceptance

Attitude Attention and
Shift Engagement

Semantic mbodied
Differential Learning

LEGEND

= = = Wholesample

~ Product Design Bachelor
- Interaction Design Bachelor
== Product Design Master

Figure 2 The chart illustrates the average score of the different subgroups in the investigated areas, highlighting similarities
and differences in performance
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Alongside these subjective results, physiological data from the subgroup with EDA sensors added
another layer of interpretation, monitoring in a granular way the experience and related
physiological reactions of subjects. Due to the calm nature of the video and to the subjective and
context-dependent nature of EDA data, the aim of measuring this physiological parameter was that
of obtaining cues that, even if not definitive or objective, could offer an insight in the emotional
arousal of subjects, that could possibly hint to moments of increased interest or involvement.

The raw electrodermal activity was first down-sampled from 250 ms to 1s to reduce noise, then
processed through two complementary approaches: slope analysis, capturing gradual tonic shifts in
arousal across the 14 phases the experience was segmented into; and spike analysis, detecting
rapid, phasic activations. To account for strong inter-individual variability, all data were normalized
within each subject. Slope values were transformed into z-scores, then binned into five tiers (from
-2 to +2) according to Scott’s rule, and inverted so that lower slopes corresponded to higher arousal.
In parallel, spikes were identified whenever z-scores crossed a negative threshold (typically z < -3),
with activations closer than 1.5 s merged into single events. This dual strategy allowed us to detect
both slow-building attentional trends and punctual reactions to specific narrative moments.

The analysis revealed that around 11% of the EDA subgroup showed positive slope trends in more
than one phase, indicating sustained increases in arousal over time. Most notably, phases 2, 6, 12,
and 13 were repeatedly associated with positive slopes across individuals, pointing to moments
where attention appeared to build progressively. In the immersive story-living, where subjects
experienced the perspective of a ceramic object being manufactured, these phases correspond,
respectively, to (2) grinding, (6) klin closure, (12) assembling, and (13) packaging, with the object
wondering what will be of it and who will end up owning it.

Spike analysis, on the other hand, highlighted concentrated bursts of reactivity. The 14th phase, that
of ending words and credits, registered the highest concentration of spikes: 30 across 54% of the
subjects, followed closely by the 11th phase, where another ceramic object undergoes assembly: 29
spikes across 58% of the subjects, and the 5th phase, where the viewer is transported onto a klin
cart: 23 spikes across 58% of the subjects. These clusters of short, sharp activations suggest shared
moments of heightened attentional or emotional reaction among more than half of the monitored
group. When looking at overlaps between self-reports and physiology, some correspondences
emerged: participants with steadier slope trajectories or moderate numbers of spikes were also
among those reporting higher engagement and knowledge gain. For instance, about 20% of the total
sample combined above-average engagement, embodied learning, and technology acceptance with
relatively coherent physiological responses, suggesting a profile of optimal receptivity. By contrast,
roughly 24% of participants scored below average in both engagement and technology acceptance
and also displayed flatter or noisier EDA patterns.

Overall, while not every participant’s physiology mirrored their questionnaire answers, the
integration of both datasets revealed consistent highlights in the narrative structure that shaped
collective engagement. Despite the reported work being a first experimentation, the results of the
assessment seem to successfully target 360 videos and to specifically testify their effectiveness in
conveying meaningful messages and knowledge, able to impact and shape the user’s perception and
imagery surrounding the treated themes.

3.2 Conclusion
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This study presents a preliminary study on a hybrid framework to assess the emotional and narrative
impact of immersive storytelling experiences, with particular attention to 360-degree video as a
medium for culturally resonant and value-centered communication. By integrating both subjective
(theme-based card questionnaires) and objective (electrodermal activity monitoring and
psychological observation) methods, the proposed framework effectively captures a multilayered
understanding of user experience, bridging conscious reflection and unconscious emotional
response.

Within the EMOTIONAL project, this framework was developed to investigate the communicative
power of immersive narratives to convey the tangible and intangible dimensions of Made in Italy,
particularly in relation to sustainability, by offering a robust tool for assessing embodied knowledge,
attitudinal shifts, semantic differential, cybersickness and technological Acceptance, attention and
engagement.

Preliminary findings from the EMOTIONAL case study demonstrate that 360-degree video, despite
being considered a “lower-tier” immersive technology, possesses significant expressive potential
when coupled with narrative strategies inspired by performative arts and emotional design. The
content’s capacity to elicit embodied knowledge, foster value-based reflection, and stimulate
perspective-taking confirms the relevance of immersive storytelling design in promoting attitudinal
and behavioral shifts towards sustainability. This outcome is particularly relevant in the context of
environmental and social sustainability, where emotionally driven communication strategies can
contribute to shifts in awareness, perception, and ultimately behavior. As such, the validation
process also underscored the framework’s potential as a design-support tool, guiding not only
evaluation but also the conception of immersive content with strategic communicative objectives,
such as raising awareness on sustainability-related themes. As immersive storytelling increasingly
targets complex social, environmental, and economic challenges (including for example climate
change, biodiversity loss, cultural preservation, and responsible production) the ability to rigorously
assess its effectiveness becomes essential. For this reason, the next steps will involve extending the
empirical testing of the framework to broader and more diverse user populations, exploring its
adaptability across different content domains and cultural contexts. Furthermore, longitudinal
studies are needed to evaluate whether the attitudinal shifts observed immediately after the
immersive experience can be sustained over time and, more importantly, translated into tangible
behavioral changes. While the short-term effectiveness of immersive storytelling design in eliciting
emotional responses and fostering cognitive reframing has been established, the persistence of
these effects remains an open question. The transition from immediate affective engagement to
enduring behavioral transformation involves a complex interplay of memory consolidation, personal
values, contextual reinforcement, and social dynamics. These longitudinal inquiries would allow for a
more accurate understanding of the “decay curve” of emotional impact and the conditions under
which immersive narratives can support long-term value internalization. In conclusion, this
preliminary study lays the groundwork for a validated framework capable of assessing and informing
emotionally resonant immersive storytelling design, offering a critical tool for fostering sustainable
awareness and behavior in response to pressing environmental, cultural, and social challenges.
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