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Abstract—Immersive Virtual Reality (IVR) applications are
increasingly used to foster environmental awareness and promote
pro-environmental behaviors by reducing psychological distance
and enhancing nature-connectedness. In this study, we investi-
gated how different avatars, in an underwater educational IVR
experience, influence users’ Sense of Embodiment (SoE), mea-
sured through self-reported and physiological measures (Elec-
trodermal Activity – EDA). Results showed that the Sense of
Agency plays a key role in enhancing overall SoE, raising it
when users embody an avatar capable of free movement and
interaction. Conversely, restricted interactivity resulted in higher
EDA, suggesting that this may be due to the frustration caused
by the unmet desire to move and explore.

Index Terms—Immersive Virtual Reality, Embodiment, Physio-
logical Measures, Climate Change, Human-Computer Interaction

I. INTRODUCTION

Although climate change is a global problem, which implies
a growing need for global political commitment and structural
measures to address it [11], the factors that effectively moti-
vate individuals to adopt pro-environmental behavior remain
unclear. In recent decades, factors such as rapid population
growth and increasing demand for resources have negatively
impacted our planet and environment. However, the conse-
quences of these phenomena are not immediately visible and
do not affect people’s daily lives [5], making raising awareness
about climate change challenging.
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When it comes to the adoption of sustainable behaviors,
the literature reports how rational intentions do not always
translate into concrete actions [19]. Thus, while strategies
based solely on cognitive aspects (i.e., providing information
on climate change) may not be sufficient to generate behavioral
change [26], the literature emphasizes the role of Nature Con-
nectedness–an emotional and experiential bond with nature–in
promoting pro-environmental actions by integrating cognitive
processes with affective stimuli [4]. Additionally, previous
literature [14, 25] has shown that the perception of climate
change can be influenced by four types of Psychological
Distance: temporal (how far in the future an event is), spatial
(physical distance), social (how connected one feels to those
affected), and hypothetical (how likely the event seems).
The effects of climate change are particularly influenced by
temporal and spatial distance [24], as the consequences of
human actions are not immediately visible and often occur
far from the sources of anthropogenic pollution.

Among new technologies, Immersive Virtual Reality (IVR)
is regarded as a promising tool to reduce Psychological
Distance and foster this emotional bond [2, 5]. In addition to
providing first-person experiences, this technology offers the
ability to embody inhabitants of the affected environments and
visualize habitat changes that have occurred over time, making
otherwise invisible phenomena, such as the evolution of ocean
acidification or coral reef bleaching, visible [2, 6]. It also
elicits intense affective and cognitive processes, necessary to
raise awareness about climate change [20]. These processes are
reinforced when the Sense of Embodiment (SoE)–the subjec-



tive perception of the virtual body as one’s own–occurs [12]. In
this regard, a suitable strategy to gain a deeper understanding
of the SoE experienced by users is combining subjective self-
reported measures with physiological data (such as Electro-
dermal Activity - EDA), uncovering both explicit and implicit
processes.

II. STATE OF THE ART

Virtual Reality allows users to adopt a first-person perspec-
tive, embody a virtual body that replaces the real one, have
control over it, and perceive it as their own [12]. This body
replacement generates perceptual modulations and behavioral
responses that affect the quality of the interaction between the
user and the Virtual Environment (VE) [10], ultimately known
as SoE.

One of the major contributions to the SoE conceptualization
was provided by Kilteni et al. [12], who outlined its structure
in terms of three main components: Sense of Agency (SoA),
Sense of Self Location (SoSL), and Sense of Body Ownership
(SoBO). The SoA refers to the perception of being the
author of one’s own actions and is closely related to the
correspondence between the sensory expectations generated by
the motor command and the feedback received [7]. The quality
of agency depends largely on the synchronization between the
user’s motor inputs and the virtual avatar’s responses [21].
The SoSL represents the spatial experience of feeling located
within a body and is defined as “a particular volume in space
in which one feels localized” [12]. Finally, the SoBO refers
to the feeling that the virtual body is an integral part of the
self and is perceived as the source of one’s sensations [12].

Originally, the phenomenon was studied in relation to the
neural plasticity of the human mind, which allows it to accept
an external body as part of its own, through the famous
Rubber Hand Illusion [3], in which participants perceived a
fake rubber hand as their own. In recent years, innovative new
applications of the phenomenon have emerged in the field of
environmental awareness, particularly on climate change, lead-
ing to the creation of IVR simulations that allow participants
to experience first-hand experiences from the perspective of
other living things, including animals or non-sentient entities
such as plants or corals [23]. In particular Ahn et al. [1] were
among the first to implement an immersive experience that
allowed users to embody themselves in a coral and directly
observe the effects of ocean acidification on their virtual
bodies. As a further example, Ponto et al. [17] developed
a VE in which users embodied themselves in an Adelia
penguin, experiencing first-hand its life cycle, resulting in an
increased level of empathy toward the animal and a significant
correlation between embodiment and empathy. Moreover, the
experience also fostered informal learning, highlighting the
educational potential of these simulations in strengthening
connection with nature and pro-environmental engagement.
Finally, Boffi et al. [2] created an IVR experience in which
users could embody a coral, a hermit crab, or a turtle and
witness the degradation of a coral reef over sixty years due to

climate change, with preliminary findings indicating high user
engagement and promising results about self-reported SoE.

Given the multifaceted nature of the SoE and its central
role in reducing the Psychological Distance and fostering
emotional engagement, there is a growing need for studies
that assess the experienced SoE resulting from different virtual
body designs and affordances, to inform the development
of more effective IVR experiences for environmental edu-
cation. In this regard, SoE can be measured in different
ways: self-reported questionnaires remain the most commonly
used approach in the literature, as they are non-invasive and
directly capture participants’ conscious experiences [8, 22].
However, these measures are not always reliable, as they
are based on users’ subjective perceptions. To address this
limitation, objective measures–such as proprioceptive drift,
physiological responses, and neurophysiological recordings–
are also widely used. In particular, a recent review by Guy
et al. [10] identified a range of physiological measures that can
be used to assess embodiment in IVR, such as EDA, heart rate,
and electroencephalography (EEG). Therefore, to gain a more
comprehensive understanding of what happens when users
embody a virtual avatar during an IVR experience, combining
subjective and objective methods would be beneficial [10],
thereby integrating conscious self-perceptions with underlying
implicit processes and avoiding potential biases related to self-
reported measures.

III. MATERIALS AND METHODS

This study aims to investigate which character elicits a
higher level of embodiment in the Envisioning Corals appli-
cation. In a previous study [2], we investigated the general
SoE provided by the application without analyzing avatar-
specific differences and relying exclusively on self-reported
measures. In contrast, the present work integrates both self-
reported and physiological data, combining a questionnaire
with EDA recordings, to identify the most suitable avatar for
future studies assessing the educational effectiveness of the
application, and to explore the relationship between subjective
embodiment and physiological activation.

A. Envisioning Corals

Envisioning Corals is an educational IVR application that
allows users to impersonate different coral reef inhabitants. By
embodying one of three distinct species–a coral, a hermit crab,
or a sea turtle–users experience the marine environment from
different ecological perspectives, fostering emotional engage-
ment and a deeper connection with nature. We designed the
application on the basis of the framework by Scurati et al. [18],
which outlines three design dimensions for IVR experiences
on environmental topics: emotional, rational, and practical.
Our design primarily focuses on the emotional dimension,
using embodiment to elicit empathy for the chosen species.
Educational content supports the rational dimension, while the
practical aspect is addressed through messages encouraging
environmentally responsible behavior.
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