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1. Introduction

In the context of increasingly severe environmental issues
such as climate change and marine pollution, enhancing the
public’s emotional engagement with ecological concerns has
become a central challenge for environmental education and
sustainability advocacy. Although awareness campaigns and
policy messaging are widespread, many individuals remain
cognitively informed but emotionally detached, resulting in
limited behavioural change. Prior research suggests that
environmental action is often driven more effectively by
emotional arousal than by rational information alone.

Among environment-related emotions, fear and awe are
particularly potent in fostering behavioural motivation. Fear
raises threat awareness and prompts precautionary actions (May,
2015), while awe—often elicited by exposure to vast or sublime
phenomena—can produce self-diminishment and cognitive
accommodation (Keltner & Haidt, 2003), leading to stronger
identification with nature and a heightened sense of
responsibility. When effectively induced, these emotions can
transform abstract environmental issues into embodied
psychological experiences, enhancing engagement and intention
to act.

With the development of virtual reality (VR), immersive
and interactive experiences now offer new means of emotional
elicitation. VR’s capacity for heightened presence enables users
to experience simulated environments as emotionally real. When
combined with virtual embodiment—the sense of inhabiting a
virtual body—users may develop deeper identification with their
role and surroundings, amplifying emotional responses such as
fear and awe. While previous studies have established VR’s
effectiveness in enhancing presence and emotion (Slater, 2009;
Lemmens et al., 2022), few have examined how these design
elements specifically impact emotional responses to
environmental scenarios.

In this study, we designed a virtual environment based on
undersea mega-trash, in which participants explored the trash-
infested marine world from the first-person perspective of a

small fish. Through a 2x2 experimental design, the study

manipulated the presence or absence of a virtual body (absent vs.

present) and the type of interface (VR vs. PC) to examine the
effects of these two variables on participants' perceived fear and
awe. This study aims to:

(1) Determine whether virtual embodiment increases
participants' perceived fear and awe in a simulated
environmental scenario.

(2) Examine whether VR interfaces elicit stronger emotional
responses than PC interfaces.

(3) Explore whether there is an interaction effect between
embodiment and interface type on emotional perception.

2. Methods

A 2x2 factorial design was adopted, manipulating two
independent variables: virtual embodiment (present vs. absent)
and interface type (VR vs. PC). Participants were randomly
assigned to one of four conditions and experienced a five-minute
immersive scenario before completing post-test questionnaires
measuring fear and awe.

Participants were 120 university students (30 per group),
selected based on their baseline digital literacy and screened for
VR compatibility (e.g. absence of motion sickness). This
demographic was chosen due to their known susceptibility to
persuasive interventions in environmental contexts.

The experimental setting was a virtual underwater
environment created with Unity, populated by oversized marine
debris. Participants navigated the scene from a first-person fish
perspective (see Figure 1). In the embodied condition, they could
see their own fish body via reflective surfaces; in the non-
embodied condition, no body representation was provided. The
VR condition used a head-mounted display, while the PC
condition involved traditional mouse and keyboard input.

Upon completing the virtual experience, participants filled
out validated scales measuring fear (Cantor et al., 2010; Day,
2015) and awe (Yaden et al., 2019), both using seven-point Likert
scales.
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Figure 1. Experimental stimulus environment diagram

The procedure included participant recruitment, random
assignment, immersion experience, questionnaire administration,
and data collection. Data analysis included descriptive statistics
and two-way ANOVA to examine main and interaction effects of
embodiment and interface on emotional outcomes.

3. Results
3.1 Fear

A two-way ANOVA revealed significant main effects of
embodiment (F(1, 156y = 11.135, p = .001) and interface type (F{1,
156) = 14.804, p < .001) on fear. Participants in the VR and
embodied conditions reported significantly higher fear responses.
The interaction between the two factors was not significant (F{1,
156) = 2.753, p = .099). Among all conditions, the VR-embodied
group reported the highest fear (M = 5.450, SD = 0.999),
followed by VR-non-embodied (M = 5.162, SD = 0.808), while
both PC groups reported lower scores.

3.2 Awe

Significant main effects were also observed for awe.
Embodiment had a notable effect (F{1, 156) = 6.572, p = .011), as
did interface type (Fi, 156y = 26.606, p < .001), with VR users
reporting significantly greater awe. The interaction was not
significant (£, 156y = 0.120, p = .729). The VR-embodied group
again reported the highest awe (M =5.727,SD=0.677), followed
by VR without embodiment, and both PC groups were lower.

4. Discussion

The purpose of this study was to investigate the effects of
the presence or absence of a virtual body and the level of
immersion in the interface (VR vs. PC) on the participants' fear
and awe in the virtual environment. These results align with prior
studies on immersion and presence in VR settings (Lemmens et
al., 2022; Slater, 2009), confirming that VR and embodiment
each contribute to emotional amplification.

Fear was heightened in both the VR and embodied
conditions, likely due to increased perceived threat and
psychological immersion. The visibility of one's virtual body,
especially when configured as a vulnerable marine creature,
appears to strengthen the sense of danger and urgency.

Similarly, awe was significantly intensified in the VR
condition, where full visual immersion amplified the scale and
impact of the simulated marine debris. The embodied condition
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further supported awe by reinforcing a sense of self-

diminishment and  environmental  connectedness—key
components of the awe experience (Keltner & Haidt, 2003;
Yaden et al., 2019).

These findings highlight immersion and embodiment as two
critical mechanisms for emotion elicitation in virtual
environmental experiences. From a practical perspective, the
study provides design guidance for future applications of VR in
environmental education, demonstrating how visual scale, role
perspective, and sensory presence can be effectively combined

to trigger meaningful emotional responses.
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