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ABSTRACT

An increasing number of studies have unveiled the nuanced nature of awe - a complex emotion stemming from
stimuli so perceptually and conceptually vast to impact individuals’ current mental frames. Its positive impact on
human wellbeing and health have been reported even after a single short exposure to awe-inspiring stimuli.
Recently, Virtual Reality (VR) has emerged as a suitable technique for eliciting brief moments of intense awe.
Moreover, nowadays, the Metaverse has increased the opportunity to access even complex experiences, such as
awe, for a prolonged period. However, the impact of a prolonged exposure to an awe-inspiring simulated
experience still must be investigated. Here, in the first study, we designed and tested usability, user experience
and preliminary effectiveness of the first VR awe-inspiring training vs. an equivalent neutral training in VR. We
relied on an immersive virtual reality online social platform- Altspace VR - for designing the training. In the
second study, we investigated whether a prolonged exposure to awe could hold the same effect on creative
thinking as it was demonstrated for brief exposure to awe in VR. Specifically, we tested the impact of a long-
lasting exposure to awe on creative thinking in the short and on the long run (after the training and in a one-
week follow-up) and vs. an equivalent neutral condition (the same as the first study). Creativity thinking, was
assessed through Alternative Uses Task (AUT). Additionally, measures related to the disposition to feel positive
emotions, social desirability and level of curiosity were collected. The first study supported the feasibility of the
training together with the usability of the platform as well as its effectiveness in eliciting awe (vs. neutral
condition). Moreover, for the second study, there was a main effect of time on some of the dimensions of creative
thinking. Participants scored higher in fluency, originality, and flexibility one week after the training compared
to the pre-training phase. These results suggested preliminary design guidelines for creating awe experiences in
the Metaverse, unveiling the role of time exposure and duration of their effects on individuals.

1. Introduction

A perceptual vastness can be elicited in various ways, and nature has
emerged as a frequent source of this feeling (van Cappellen & Saroglou,

Awe is a complex emotion mainly composed of two appraisal themes,
that is, the sense of vastness -the perception of being in front of something
either perceptually or conceptually vast, - and the need for accommo-
dation, as the urgency to change current mental schema in response to
those stimuli (Keltner & Haidt, 2003), which can exceed individuals’
expectancies (Goctowska et al., 2021).
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2012a). However, other effective physical elicitors of awe also include
human artifacts, i.e., large cathedrals or skyscrapers, which feature great
sizes (Keltner & Haidt, 2003). On the other hand, awe can be also eli-
cited by conceptually vast stimuli, such as great scientific discoveries or
historical characters as both being capable of disrupting previous con-
ceptions and providing a totally new way of viewing reality (Chirico &

Received 14 December 2022; Received in revised form 17 February 2023; Accepted 10 July 2023

Available online 20 July 2023

0747-5632/© 2023 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).


mailto:marta.pizzolante@unicatt.it
www.sciencedirect.com/science/journal/07475632
https://www.elsevier.com/locate/comphumbeh
https://doi.org/10.1016/j.chb.2023.107876
https://doi.org/10.1016/j.chb.2023.107876
https://doi.org/10.1016/j.chb.2023.107876
http://crossmark.crossref.org/dialog/?doi=10.1016/j.chb.2023.107876&domain=pdf
http://creativecommons.org/licenses/by/4.0/

M. Pizzolante et al.

Yaden, 2018).

With this regard, awe has been increasingly conceived more than a
basic emotion but as something closer to an experience (Bonner &
Friedman, 2011; Chirico & Gaggioli, 2018; Pearsall, 2007). Already,
Keltner and Haidt suggested different flavors of awe, depending on the
type of elicitor. Threat represents a fear component when awe is
accompanied by and combined with feelings of fear, experienced when
faced with threatening and dangerous stimuli (e.g., a tornado). Beauty is
related to stimuli that characterize the emotion of awe with a compo-
nent of “aesthetic pleasantness” (Keltner & Haidt, 2003, p. 304) whereas
ability is felt when awe is accompanied by admiration when in the
presence of someone with outstanding abilities or skills. Finally, virtue is
faced with cases of remarkable moral virtue, namely elevation (Keltner
& Haidt, 2003)while supernatural causality is connected to the presence
of a supernatural entity, which can be perceived as positive or negative
adding an uncanny characteristic to the experience of awe, qualifying
awe respectively with elements of magnificence or terror. Also, at the
experimental level, eliciting awe can induce also a wider range of
discrete emotions, suggesting a multifaceted nature of this emotional
experience (Nelson-Coffey, 2019).

Investigating the complexity of awe has resulted in a multiple
labelling of this emotion depending on which awe’s dimension and ef-
fect is mostly considered. As a positive emotion, awe has been shown to
broaden thought-action repertoires, in terms of higher levels of
perception and wider focus of attention while as an aesthetic emotion it
has been considered like the notion of sublime, which usually arises
from somewhat fascinating but threatening stimuli (Arcangeli, Sperduti,
Jacquot, Piolino, & Dokic, 2020; Clewis, Yaden, & Chirico, 2022). This
mixed valence has also been found in profound and rare moments of
change in which a person is no longer the same as before, that is, in
transformative experiences (Bonner & Friedman, 2011; Chirico et al.,
2022; Pearsall, 2007). This has suggested a transformative nature of awe
(Chirico & Yaden, 2018), also encompassing a self-transcendent dimen-
sion of change (Chirico et al., 2022; Yaden et al., 2016, 2017), which
entail heightened sense of connection and of self-diminishment, known as
the “small self” (Piff, Dietze, Feinberg, Stancato, & Keltner, 2015). These
two features also emerged as key assets in the prosocial potential of this
emotion (Perlin & Li, 2020) till embracing the entire humanity as a part
of our self (Chen & Mongrain, 2021; Seo, Yang, & Laurent, 2022), or the
surrounding nature (Ambrose, Wiezel, Pages, & Shiota, 2021; Wang,
Zhang, Shi, Lu, & Song, 2019). Finally, awe has been also conceived as
an epistemic or knowledge emotion able to ignite the desire to fill existing
gaps of knowledge (Valdesolo, Shtulman, & Baron, 2017). With this
regard, awe was also found associated with cognitive processes entailing
a cognitive restructuration of individuals’ current mental frames, - as a
plausible counterpart of the need for accommodation dimension of this
emotion - such as creative thinking, at the level of divergent (Chirico,
Glaveanu, Cipresso, Riva, & Gaggioli, 2018) or convergent thinking and
daily creativity (Zhang et al., 2021). This awe-creativity link subsisted
also at the personality level and in different cultures. Zhang demon-
strated that trait awe was associated with curiosity and creative per-
sonality, reporting that awe predicted more creative personality among
adolescents in the U.S. and adults in the U.S.A., Iran, and Malaysia and,
in terms of creative behavior, also predicted an increased likelihood of
solving a creativity problem (Zhang et al., 2021). Given the inherently
nuanced nature of this emotion, it is not surprising that researchers from
different disciplines have increasingly pledged to unveil its potential,
and to elucidate its underpinnings by reviewing secondary data as well
as by manipulating it in the lab (Chirico & Gaggioli, 2018; Takano &
Nomura, 2022). With this last regard, several techniques have been
proposed and employed.

The most frequently used are video or images, in which participants
were exposed to grand and vast panorama ranging from deep space
images, Earth and stars (Silvia et al., 2015), to supercell (Gordon et al.,
2017), or disruptive natural phenomena (e.g., tsunami and tornado) or
notorious threatening animals (e.g., Tyrannosaurus rex) (Griskevicius,
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Shiota, & Neufeld, 2010; Saroglou, Buxant, & Tilquin, 2008; Shiota,
Keltner, & Mossman, 2007; van Cappellen, Saroglou, Iweins, Piovesana,
& Fredrickson, 2013; van Cappellen & Saroglou, 2012b)or asking par-
ticipants to recall and write about awe experiences (Griskevicius et al.,
2010). Rarely, these techniques have been also used for eliciting awe in
consecutive days. Dobson (Dobson, 2015)conducted a two-step study in
which a sample of 180 students was required to report a personal
problem. Then, participants were either assigned to an awe-inspiring
amusement-eliciting or a neutral video. After each exposure, partici-
pants were asked to solve the problem they had written about before.
Interestingly, Dobson discovered those participants seeing the
awe-inspiring video felt less distressed by their problem and wrote
longer solutions. However, when participants were asked for a solution
for task-related problems of a general nature, participants in the awe
condition reported a higher level of problem-related distress. Therefore,
experience of awe emerged as beneficial when dealing with a personal
problem, but not when the problem involved a task to be accomplished.
In Dobson’s second study, 162 students were randomly assigned to the
condition of awe, amusement or control. Participants watched a short
video aimed at eliciting targeted emotions every day for five days. One
week, two weeks, and four weeks after watching the video, participants’
subjective well-being was measured using Emotions Experienced
Questionnaire (EEQ) (King & Emmons, 1990). Participants in the
awe-inspiring condition experienced high levels of awe and positive
emotions (vs. amusing condition and the neutral one) and reported
greater levels of subjective well-being, compared to participants in the
other two conditions. That is, awe’s effects on the short and long run
emerged as different. A single exposure to awe resulted in higher
perceived distress in solving a nonpersonal issue, while being repeatedly
exposed to awe-inspiring stimuli was beneficial for individual subjective
wellbeing.

These results were also in line with Anderson et al. exposed 124
veterans and youth repeatedly to awe through either 1-day or 4-day
whitewater rafting trips (Anderson, Monroy, & Keltner, 2018). In this
case, a natural experience of awe was used, thus enhancing the
ecological validity of awe-induction. At the end of each day of rafting,
participants completed a rafting diary in which they reported how much
of each of six positive emotions they felt during the day, selected to
capture a wide array of distinct positive states, including awe (Shiota
et al., 2007). Results showed for the first time that the awe that people
felt during both extraordinary and daily nature experiences predicts
unique variance in improvements in well-being and stress-related
symptoms above and beyond the effects of other positive emotions.

A further promising trade-off between standard awe-eliciting
methods in the lab and the exposure to real awe-inspiring stimuli, can
be new digital media (Cybulski, Keller, Nguyen, & Saundage, 2015; Lee,
2015) and more specifically, Virtual Reality (VR). In order to preserve
awe’s intensity even in a controlled space, several virtual simulations of
prototypical instances of awe have been designed and tested (Chirico
et al., 2017; Chirico, Ferrise, Cordella, & Gaggioli, 2018). Virtual reality
(VR) has provided researchers with the possibility to resemble even
paradoxical scenarios, such as the Overview Effect (i.e., the view of the
Earth from outside its atmosphere (Yaden et al., 2016). In 2015, Gal-
lagher et al. used a mixed reality test environment to induce this Effect
and in which participants watched four simulations of the Earth or deep
space as if they were astronauts on the International Space Station
(Gallagher, Reinerman-Jones, Janz, Bockelman, & Trempler, 2015).
Moreover, VR allows for racking participants’ movements and psycho-
physiological parameters during the ongoing experience. At the same
time, participants can access the simulation from a first and/or
third-person perspective and they can potentially interact with object
within the simulation. These are all key ingredients supporting another
crucial variable associated to an enhanced emotional intensity in VR,
which is the sense of presence, defined as the subjective feeling of being in
another physical or imaginary place as it was reality itself (Riva,
Waterworth, Waterworth, & Mantovani, 2011; Riva & Waterworth,
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2014). For instance, Chirico et al. (2017) found that immersive and
realistic VR scenarios effectively increased the intensity of awe experi-
ences compared to normal non-immersive videos. Moreover, VR
increased the sense of engagement, the sense of physical space — as key
components of the sense of presence, as well as the perception of vast-
ness (Riva, Banos, Botella, Mantovani, & Gaggioli, 2016; Stepanova,
Quesnel, & Riecke, 2018).

If VR could be conceived as a new methodological frontier in the
study of complex experiences, including awe, now, we are on the edge of
a relatively new revolution concerning simulated experiences (Angelini
et al., 2022). On the one hand, there is significant increase in accessi-
bility, technical sophistication of VR devices, and in terms of connection
among users. On the other hand, VR has evolved in its online social form,
with the rise of the “Metaverse” (Cerasa, Gaggioli, Marino, Riva, &
Pioggia, 2022). A crucial feature of this relatively novel form of VR is the
possibility to act within these environments for a long time and as if they
were in continuity with individuals’ real life. Metaverse employs tech-
nology to create a hybrid experience that users can manipulate and
explore as if they were physically present. To achieve this goal, the
Metaverse is to promote different processes (Cerasa et al., 2022): a) the
embodiment process, as the ability of simulative technologies to
generate a sense of ownership of a digital/virtual body or a part of it; b)
the Proteus effect: the tendency for people to be affected by their digital
representation; and c) the seamless fusion of the digital and physical
dimensions allowing a high level of personalization and customization.
These key assets could be particularly valuable for the design of complex
experiences and for the study of their effects on human wellbeing and
health in the short, medium and long term, and both at the individual
and at the social level. This last is quite underrepresented within the
domain of awe, with few seminal exceptions in which collective elicitors
of awe have been considered (e.g., Goldy, Jones, & Piff, 2022; Graziosi &
Yaden, 2021).

In this article, in Study 1, we reported the first attempt to design and
test the effectiveness of the first awe-inspiring training in the Metaverse,
on the AltspaceVR platform, compared to a neutral training featuring
information on the history of VR. In Study 2, the impact of a prolonged
awe-inspiring VR training on creative thinking was tested, always in
comparison to the same control condition as Study 1. In the following,
the potential of the Metaverse for the elicitation of prolonged experi-
ences of awe was outlined and discussed.

1.1. Study 1

1.1.1. Designing awe in the “Metaverse”

AltspaceVR — a novel virtual reality online social platform - was
selected to design the awe-inspiring training and the neutral training in
this study. AltspaceVR is the most prominent social VR platform, pur-
chased by Microsoft in 2017, and it has become a major reality where
people can meet and interact. AltspaceVR can be accessed both through a
virtual reality headset and via other devices: PC, Tablet, smartphone,
smartTV (AltSpaceVR, Microsoft inc., 2022). This versatility has made
the platform increasingly accessible to users worldwide. The platform
allows users to create events, create communities, and collaborate
worldwide. An advantage of this platform is the ability to create and
change the worlds that can be visited by users, increasing control over
the environments. AltspaceVR platform was chosen among others since
it allows the implementation of multiplayer experiences and multiple
useful features to design an online training of this kind. It features two
build-in media player screens, for uploading videos and pictures and
scrolling through them like a slideshow. The second screen was used for
sharing the awe-eliciting narrative. AltspaceVR also featured useful ac-
cess control for administrators of the event, allowing them to mute or
enhance the voice of any participant, remove potential troublemakers
and keep track of everyone that joined any room of the event.

For the current study, 4 immersive VREs (Virtual Reality Environ-
ments) were created (two awe-inspiring and two neutral scenarios),

Computers in Human Behavior 148 (2023) 107876

following design guidelines provided in previous studies on VR awe-
inspiring scenarios (Chirico et al., 2017; Chirico, Ferrise, et al., 2018;
Gallagher et al., 2015; Kahn & Cargile, 2021; Kitson, Stepanova, Aguilar,
Wainwright, & Riecke, 2020), and using predefined AltspaceVR tem-
plates. The first awe-inspiring environment represented a big natural
space immersed in water, surrounded by immense trees and with a huge
waterfall (“Tall Forest™). The second awe-inspiring scenario consisted of
an outer space with planets, asteroids, and a reproduction of the Solar
System (“Deep Space”). Some objects were created from scratch using
the software Unity (version 2021.1.17) and were imported onto the
platform, since objects present in Altspace’s creator’s worlds was still
limited to several pre-existing packages. The control and neutral sce-
narios represent a public plain garden and an empty room. To create a
neutral scenario, aiming at inducing a non-specific emotional state, we
followed guidelines by Banos (Banos et al., 2004, 2008; Diemer, Alpers,
Peperkorn, & Shiban, 2015, Riva et al., 2007 and we deprived these
virtual environments of several other cues used in the scenarios. Spe-
cifically, to contrast the effect of vastness conveyed by awe-inspiring
scenarios and to ensure that these environments would not convey a
need for accommodation, the public plain garden consists of a green
floor, simulating a turf bordered by a fence, while the empty space
consists of a closed three-dimensional space, simulating a waiting-room
(for the entire procedure, please, see Procedure section, in Study 1).

The potential of each single virtual scenario for eliciting awe had
been preliminarily tested in a pilot study involving a sample of ten high
school teachers (Chirico, Shiota, & Gaggioli, 2021). Control condition
consisted in a waiting list. Specifically, two immersive VREs, “Deep
Space”, “Tall Forest”, in which participants could move freely while
listening to the experimenters and two ad-hoc validated awe-inspiring
narratives, were employed. Preliminary results of this pilot study
showed an increase in the perceived sense of awe among participants in
the experimental condition, in the post-training compared to the
pre-training. Finally, AltspaceVR emerged as a simple tool to create
engaging virtual scenarios connecting even distant people and
conveying a stable and high sense of presence.

Here, we built upon encouraging results from this pilot study to fully
develop a VR awe-inspiring training and its equivalent neutral condi-
tion. Moreover, in the current study also, a time dimension of effects was
considered by including a pre-training assessment phase, a post-training
one and a follow-up.

User experience and usability of the platform.

AltspaceVR is an online platform, and it can be accessed remotely.
Participants in the training accessed the platform using their own de-
vices — personal computers — and performed the training. Therefore, also
usability and user experience (UX) of the platform was a further object of
analysis in this study.

The goals of usability testing included establishing a baseline of user
performance, validating user performance measures, and identifying
potential design concerns to be addressed in order to improve the effi-
ciency, productivity, and end-user satisfaction onboarding and
executing in AltspaceVR. Hence, the second aim of the first study was to
identify whether AltspaceVR’s visual design, interaction design, and
technical communication was captivating, clear to new users, and to
identify any barriers in the use of the platform.

User experience, from a long tradition, has been characterized by its
considerable importance within the realization and optimization of
products and systems. Despite the various studies and the rich validated
methodologies, however, UX has remained a complex and difficult field
to be defined in its entirety, due to the richness of methodologies and
tools that can be used, coming from a huge variety of different disci-
plines. Working on user experience in fact means bringing together
different but complementary contributions from disciplines such as
design, engineering and even psychology. It is precisely psychology that
has been able to make its way, adding itself to the investigation of the
user experience by increasingly emphasizing on how the ‘user’ compo-
nent is an essential element to be taken into consideration, especially
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when designing experiences in which individuals are involved in com-
plex experiences and in which emotions are the core center of those
experiences themselves.

Within the more general topic of User Experience then, special
attention has been paid to usability, namely, the evaluation of a tech-
nology or a product by means of efficiency, memorability, errors and
satisfaction. If, during a final UX testing, these dimensions are all
satisfied, then the designed experience can be considered successful
(Law, Roto, Vermeeren, Kort, & Hassenzahl, 2008). If it is not the case,
the goal of UX testing is to look for a strategy to improve the UX and to
find the easiest way to implement the changes. It is precisely in this
process that the usefulness of these UX analyses emerges, which makes it
possible, by working on the elements deemed problematic, to avoid this
scenario (Hassenzahl & Tractinsky, 2006). Moreover, design and testing
VR scenario must consider issues such as perception, navigation,
exploration, and engagement. They present far more significant chal-
lenges in terms of developing a coherent approach to design and com-
prehending the concept of usability in the context of VR, especially since
conventional UX methods or guidelines are not fully applicable (Rebelo,
Noriega, Duarte, & Soares, 2012; Wienrich, Dollinger, Kock, Schindler,
& Traupe, 2018). As a result, even if the user is placed in a highly unreal
world, VR experiences should strive to maximize intuitive operation,
which is easiest to achieve when based on real scenarios (commonly
known templates for dealing with the natural world). As previously
stated, VR design is governed by its own set of rules, and there is still
only a bare minimum of best practices in place. Therefore, usability
testing plays a crucial role in creating a well-designed VR experience
(Kaminska et al., 2022).

For this reason, one of the aims of the current study was to under-
stand whether the platform used to assess the online training was able to
ensure good usability in terms of ease of use and achievement of ob-
jectives with the least amount of effort, thus providing participants with
an overall sense of satisfaction and positive user experience.

2. Methods and hypotheses

The general objective of this two-steps study is to test - by exploiting
the potential of a virtual reality platform - the effectiveness of a vali-
dated training created ad-hoc to induce complex emotions such as awe.
Consequently, we hypothesized that participants in the awe-inspiring
training showed higher levels of awe after the training compared to
the control condition (H1). Together with testing the effectiveness of the
training in inducing awe, the second hypothesis of the first step of the
study is therefore that the configuration of the AltspaceVR platform is
structured in such a way as to ensure good usability in terms of ease of
use and achievement of objectives with the least amount of effort, thus
guaranteeing participants an overall sense of satisfaction and a positive
user experience (H2).

2.1. Sample size calculation

55 participants took voluntarily part in the study. A priori power
analysis was conducted using G*Power version 3.1.9.7 (Faul, Erdfelder,
Lang, & Buchner, 2007)to determine the minimum sample size required
to test the study hypothesis. Results indicated the required sample size to
achieve 95% power for detecting a large effect, at a significance criterion
of a = 0.05, was N = 55 for independent samples t-test (Experimental
condition vs. Control condition). Thus, the obtained sample size of N =
55 was adequate to test the study hypothesis.

2.2. Inclusion criteria

The inclusion criteria considered were the participants’ age - be-
tween 18 and 60, language -as full knowledge of Italian is required.
Moreover, participants with vestibular or neurological disorders were
excluded. The experimental protocol was approved by the Ethical
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Committee of the Universita Cattolica del Sacro Cuore prior to data
collection. Each participant provided written informed consent for study
participation. Written consent and all methods were carried out in
accordance with the Helsinki Declaration.

3. Measures and Instruments
3.1. Awe
- Dispositional awe

The disposition to experience awe was assessed through one single
item from the Italian validation of the Dispositional Positive Emotion
Scale (DPES) scale (Chirico et al., 2021) aimed at investigating how each
participant was inclined to experience awe.

- State awe

Levels of awe were measured after the training through the Italian
version of Awe-Experience Scale (AWS), a scale consisting of 29 total
items designed to investigate the lived experience (Yaden et al., 2019).
The questionnaire consists of 6 different sub-scales, altered time
perception, self-diminishment, connectedness, perceived vastness,
physical sensations, need for accommodation.

Moreover, a single item Likert self-report measure was used to assess
awe on a 7-point Likert scale (from 1 = not at all; to 7 = extremely),
along with other items measuring other seven distinct emotions (from 1
= not at all; to 7 = extremely): joy, and consensual definitions of emo-
tions taken from literature (Algoe & Haidt, 2009; Frijda, 1988; Griske-
vicius et al., 2010; Haidt, 2000; Herring, Burleson, Roberts, & Devine,
2011; MORREALL, 1989; Tong, 2015) before and after the training, on a
7-point Likert scale (from 1 = not at all; to 7 = extremely).

3.2. Presence
- Sense of presence

Sense of presence was assessed before and after the training through
ITC-Sense of Presence Inventory (ITC-SOPI) (Lessiter et al., 2001). ITC-
SOPI aimed at investigating the users’ perceived sense of presence in
relation to the use of a medium. It consists of 42 total items divided into
two blocks, the first consisting of 6 items while the second consists of 36
items. A 5-step Likert scale is provided for both blocks (1 = strongly
disagree; 5 = strongly agree).

- Social presence

Social presence within the online platform was assessed before and
after the training using Networked Minds Social Presence Inventory
(NMSPI). NMSPI is an inventory consisting of 34 total items distributed
among four dimensions - Co-presence, Social presence, Subjective
symmetry, and Intersubjective symmetry - that aims to investigate the
perceived ‘social presence’ dimension following a lived experience,
specifically, the feeling of being together with someone else within the
same mediated space (Biocca, Harms, & Burgoon, 2003). The degree of
agreement with the proposed items is measured by means of a 5-step
Likert scale.

3.3. User experience and usability

User Experience and usability of the platform were assessed through
the System Usability Scale (SUS) (Brooke, 1996), a 10-item scale
through which the concept of usability of a system is quickly investi-
gated. The degree of agreement with each of the statements regarding
the system used is measured using a 5-step Likert scale (1 = strongly
disagree; 5 = strongly agree). Moreover, another questionnaire, User
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Experience Questionnaire (UEQ-s) - short version was employed. This is
a short version of the User Experience Questionnaire aimed at investi-
gating the experience the user had and perceived with regard to a
product. This version consists of 8 items, each of which has two extreme
adjectives (obstructive-supportive, complicated-easy, inefficient-effi-
cient, confusing-clear, boring-exciting, not interesting-interesting, con-
ventional-inventive, usual-leading edge) and a 7-level graduated scale
within which to position oneself in the evaluation of the product
(Schrepp, Hinderks, & Thomaschewski, 2017).

3.4. Procedure

The training consisted of four phases (see Table 1).

First, participants were invited to download AltspaceVR the day
before the training took place. On the day of the training, they were
trained in the use of AltspaceVR. Basic controls (e.g., walking, turning on
the microphone, listening to other participants, etc.) were showed, and
explained, and participants had the change to try them under the su-
pervision of a facilitator.

Then, the entire procedure was explained again to participants, and
they were required to keep a browser window open with the link of the
online questionnaires, they had been already provided with, besides the
window in which AltspaceVR run. Once questionnaires had been
completed, in the experimental group, a first theoretical introduction on
emotions and their basic features (elicitors, appraisal themes, action
tendencies, evolutionary function) was performed using the virtual
presented, provided by the VR platform. Conversely, in this phase,
participants in the control condition were shown a presentation on the
history of virtual reality.

In the third phase, the experimental group accessed the world “Deep
space”, which also featured a validated awe-inspiring narrative lasting
about 5 min. After this condition, participants were required to move to
the other simulated scenario called “Tall Forest”, in which, again, a
validated 5-min awe-inspiring narrative started (see Fig. 1). Participants
in the control condition entered two different virtual neutral scenarios
(see Fig. 2). Furthermore, for the control condition, the narratives pro-
posed were concerning the application of reality in medicine and psy-
chotherapy while in the second room a narrative concerning the
applications of virtual reality in design and entertainment was played.
At the end of the awe-training, participants in the experimental condi-
tion were invited to take part in two different activities. In the first one,
the conductor asks participants whether they wish to share a brief report
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of their experience and elaborate on the emotional side of it by using the
emotional labels presented in the first phase of the training. The
conductor wrote down on a whiteboard the key sentence and phrases
and looked for connections and recurrent themes.

Finally, participants were required to look for potential connections
between their actual experience in VR and past ones. They were free to
share their thoughts or not openly. At the end of the whole procedure,
participants in the experimental and control group were administered
the post-training questionnaires. The entire training lasted 1 h with 3
different moments of break for participants, in order to avoid fatigue and
cybersickness. The previous study conducted to test the feasibility of the
training showed that participants’ sense of presence remained constant
across the different phases, and despite the breaks participants reported
to have been felt immersed for the overall duration of the training in the
experience and to have appreciated the whole design of the
environments.

3.4.1. Data analysis

Analyses were performed using SPSS software for statistical analyses.
The total sample consisted of 31 females and 23 males (mean age =
31.44 years; S. D = 4+ 13.01). All participants were eligible according to
the selection criteria. Moreover, 26% of participants reported to have a
high school diploma, 55.6% a bachelor’s degree, 14.8% a master’s de-
gree and 3.7% a second-level master’s degree, as their last degree.
Finally, 36.6% of participants reported having previous experiences
with VR.

4. Results
4.1. Awe
- Dispositional awe
As a preliminary check, we conducted an independent samples t-test
comparing the two conditions (Experimental vs. Control condition) on
participants’ dispositional awe. Results showed no statistically signifi-
cant difference between the two groups in terms of dispositional awe.

- State awe

In order to test the hypothesis that the training was able to induce the
emotion of awe in the experimental group, an independent samples t-test

Table 1
Phases of the training for both groups, experimental and control, together with the measured used.
Phases Experimental group Control group Measures
Welcoming (Pre-training - Familiarization of participants with the platform (moving - Familiarization of participants with the platform (moving DPES
questionnaires, around the environment, test microphones) around the environment, test microphones) Awe-S
presentation - Administration of pre-training questionnaires through the link - Administration of pre-training questionnaires through the link ITC-SOPI
sent previously sent previously Single Item
- PowerPoint presentation (topic: emotions). - PowerPoint presentation (topic: Virtual Reality). Emotions
BIDR-6
Experience in virtual Entrance into the two worlds: “Deep space” (Fig. 2) and Entrance into the two worlds: Room One (Fig. 4) and Room Two
worlds “Mountains” (Fig. 3) and listening to the eliciting narratives awe.  (Fig. 5) and listening to the narratives on the applications of
virtual reality.
Group discussion Return to the “Experience Lab- Meeting Room” laboratory and Return to the “Experience Lab- Meeting Room™ laboratory and
group discussion on specific tasks (search for keywords that can group discussion on specific tasks (search for keywords that can
represent the lived experience and reflections on how the represent the lived experience and reflections on how virtual
sensations experienced could be useful in everyday life). reality could be useful in everyday life).
Conclusion Final thanks and request to exit the platform, retrieve the link in  Final thanks and request to exit the platform, retrieve the link in ~ Awe-S
+ post-training the e-mail and fill in the post-training questionnaires. the e-mail and fill out the post-training questionnaires. ITC-SOPI
questionnaires Single Item
Emotions
Sus
UEQ-S

NMSPI
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Fig. 1. Virtual scenarios representing “Deep Space” above, and “Tall Forest” below, used for the experimental training.

was conducted with awe (“Total awe” measured with the Awe-S) as a
measure. A first analysis showed a statistically significant difference
between the two groups in this scale [t (52) = 2.095, p = .041,d = 1.08]
and specifically for the subdimensions vastness [t (52) = 2.05, p = .036,
d = 1.68] and connectedness [t (52) = 2.12, p = .034, d = 1.64]. Spe-
cifically, the experimental group reported statistically higher scores of
perceived awe than the control group after the training (see Table 2).
Moreover, analysis conducted for the single item used to assess awe
along with other items measuring other seven distinct emotions showed,
about the post-training phase and only for the single item measuring
awe, a statistically significant difference between the two groups [t (52)
=2.249, p = .029, d = 1.8]. Specifically, after the training, participants
in the experimental group reported to have felt statistically higher levels
of awe than the control group (see Table 3) (see Table 4).

4.2. Presence
- Sense of presence

We carried out an independent samples t-test comparing the two
conditions (Experimental vs. Control condition) on each separate
dimension of the individual presence (i.e., sense of physical space,
engagement, ecological validity, negative effects), No statistically sig-
nificant differences for all the four dimensions considered between the
two groups were found.

- Social presence

We carried out independent samples t-test comparing the two con-
ditions (Experimental vs. Control condition) on each separate dimension
of social presence (i.e., Co-presence, Social presence, Subjective sym-
metry, and Intersubjective symmetry). No statistically significant
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differences between the two conditions were found on any of the social
presence dimensions.

4.3. Usability of the platform

Independent samples t-test comparing the two conditions (Experi-
mental vs. Control condition) were carried out on System Usability Scale
(SUS) and User Experience questionnaire (UEQ-s) scores. Analyses
concerning SUS showed that there were no statistically significant dif-
ferences between the scores of the experimental group and those of the
control group. Both groups provided a positive assessment of the Us-
ability variable. In fact, for the evaluation of the score of the SUS scale
(Usability), the average value considered cut-off is 68; values below 68
are to be interpreted as synonyms of low usability while values above 68
are to be interpreted as synonyms of high - and therefore good - us-
ability. In this case, both groups reported values above the average of 68.

Analyses carried out on User Experience Questionnaire (UEQ-s)
showed that there were no statistically significant differences between
the experimental group and the control group. Both groups provided a
positive evaluation to the User Experience variable. In fact, the inter-
pretation of the scores for the UEQ-s scale is based on the following cut-
offs: the values between the scores —0.8 and 0.8 indicate a neutral
evaluation and therefore neither positive nor negative -scores above 0.8
indicate a positive rating -values less than —0.8 indicate a negative
rating. In this case, both groups, experimental and control groups, re-
ported values above 0.8. This means that the platform has been judged -
both by the experimental group and by the control group - as providing
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a good user experience. Moreover, positive results emerged for both sub-
categories of which the User Experience variable is composed (“prag-
matic quality” and “hedonic quality™). For both, in fact, the overall score
of the total sample indicated a positive judgment with respect to the
platform and consequently with respect to the general user experience
(see Fig. 3.).

5. Discussion

The aim of the study was to test the effectiveness of the awe-inspiring
training vs. control one. A significant interaction effect between training
(awe vs. Neutral) and time (pre vs. post exposure) was found for awe.
The experimental group reported higher awe in the Awe-S and in the
single item on awe, after the training and compared to the control group.
Independent samples t-test evidenced that some dimensions of awe
(vastness, connectedness and physical sensations) as measured by the
Awe-S, were significantly higher in the experimental condition
compared to the neutral condition. No trait variable emerged as a sig-
nificant covariate, thus suggesting the training’s effectiveness beyond
individual differences.

Concerning the Usability and UX of the platform AltSpaceVR used to
design the training, both control and experimental groups described
usability of the platform as good and user experience as satisfactory.
Therefore, the actual training setup can be considered as “user-friendly”,
i.e., easy, and intuitive to use. Finally, the fact that no statistically sig-
nificant differences emerged between the two groups in terms of Us-
ability and overall UX of the platform supported the suitability of the

- - )

Fig. 2. Virtual scenarios representing two neutral spaces used for the control training.
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UEQs (User Experience Questionnaire)
2,50 -
2,00
1,50
1,00 +———
0,50 - = Excellent
0,00 - wem Good
-0,50 - wm Above Average
-1,00 - Below Average
Pragmatic Quality Hedonic Quality Overall
== Bad
. Excellent 0,76 0,91 0,92
s Good 0,19 0,39 027 s
wm Above Average 0,38 0,35 0,33
Below Average 0,45 0,5 0,39
= Bad 0,72 0,35 0,59
mm Lower Border -1,00 -1,00 -1,00
e Mean 1,259259259 1,652777778 1,46

Fig. 3. Visualization of the User Experience Questionnaire (UEQ) benchmarks. The line represents the results computed by scores given by both experimental and
control groups.
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Fig. 4. AUT Flexibility, Elaboration, Originality and Fluency scores in the experimental and control condition before, after the training and in one-week follow up.
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Table 2
Descriptive statistics of subdimensions measured by Awe Experience Scale post-
training for both experimental and control condition.

Dimension of Experimental Control T-test (Equal variances
awe condition condition assumed)
Mean SD Mean SD T (df p d (Cohen)
=52)
Vastness 4.52 1.58 3.54 1.70 2.15 .036 1.68
Connectedness 4.03 1.80 3.08 1.40 2.12 .038 1.64
Self- 3.33 1.57 296 1.56 0.86 .38 1.56
diminishment
Physical 3.02 1.53 2.25 1.43 1.9 .06 1.49
sensations
Need for 2.70 1.24 251 1.17  0.56 .57 1.20
accomodation

Note. N = 27. In bold, significant results.

Table 3
Descriptive statistics of eight discrete emotions measured through eight ad-hoc
items post-training for both experimental and control condition.

Emotion Experimental Control T-test (Equal variances assumed)
condition condition
Mean SD Mean SD T(df=52) p d (Cohen)
Anger 1.07 .26 1.33 1.00 -1.3 19 .73
Disgust 1.11 42 1.22 .50 —.87 .20 .46
Fear 1.26 .65 1.89 1.39 -1.12 .39 1.09
Pride 2.59 1.62 2.44 1.71 .32 74  1.67
Amusement  4.59 1.69 4.11 1.62 1.06 .29 1.65
Sadness 1.89 1.34  1.44 .80 1.48 .14 1.10
Joy 4.11 1.69  3.90 1.79 0.85 39 174
Awe 4.85 191 3.70 1.83 224 .02  1.86

Note. N=27. In bold, significant results.

neutral training as a comparable control condition for the target awe-
inspiring training. The two trainings did not differ in terms of sense of
presence and social presence, thus suggesting stability in this experience
across the two conditions.

5.1. Study 2

5.1.1. Creativity and awe in the Metaverse

Appraisals of vastness and accommodation have been indeed
demonstrated to cause people to explore the environment, gain new
information, and develop new ways of thinking (Shiota, Campos, Kelt-
ner, & Hertenstein, 2004; Zhang et al., 2021). Curiosity, indeed, is
triggered by information that makes the individual aware of gaps in
existing knowledge structures. Awe-inspiring stimuli not only indicate a
gap in current knowledge systems due to their need to be accommo-
dated, but their vastness makes them highly noticeable due to their
departure from one’s typical frame of reference. To “fill the gap”, people
engaged in awe-related experiences frequently reported themes related
to exploring the environment, altering existing worldviews, and gener-
ating novel perspectives (Campos, Shiota, Keltner, Gonzaga, & Goetz,
2013; Shiota et al., 2007). As a result, experiencing awe can foster an
open mindset and motivate curiosity, that, in turn could encourage
people to explore and approach experiences from novel perspectives,
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namely, to be more creative (Anderson, Dixson, Monroy, & Keltner,
2020). Furthermore, it has been shown that experiences that are affec-
tively ambivalent and perceived as unusual would lead people to be
more sensitive toward unusual and creative associations, more specif-
ically, drawing from informational approach to emotions, when people
feel emotionally ambivalent, the atypicality of this emotional experience
could be interpreted as a reminder of being in an unusual environment
wherein other unusual relationships might exist as well. Thus, this
reminder would signal that people should adaptively process stimuli in
this unusual environment in a more flexible way, being open to look for
unusual associations and, consequently, being more sensitive to identify
relationships between apparently unrelated concepts. In a recent study,
Richardson et al. (Richardson, Tagomori, & Devlin, 2022) demonstrated
how an unusual experience, such as that of being immersed in an un-
derwater nightclub, has positive effect on the divergent thinking crea-
tivity performances.

As a diversifying experience, awe involves people in highly unusual,
unexpected events which are actively experienced by individuals to
embrace novel perspectives, values, and ideas through the breaking of
routines (Goclowska et al., 2021; Ritter et al., 2012). However, to our
knowledge, only few studies attempted to rigorously test the direct link
between awe and creative thinking. Giisewell & Ruch demonstrated that
the willingness to be more prone to awe-related experiences than
amusing ones is related to the intellectual disposition to creativity
(Giisewell & Ruch, 2012), while Anderson (Anderson et al., 2020)
showed that people most likely to experience awe were also those who
report higher levels of dispositional curiosity and that awe at the
dispositional level is indirectly associated with several academic out-
comes of students (i.e., work ethic, behavioral engagement, academic
self-efficacy). Zhang et al. (2021), conducted three different studies in
which, confirming previous evidence, firstly confirmed that trait awe
was associated with unconventionality and creative personality, above
and beyond trait amusement and, in a second study, demonstrated that
trait awe was related to convergent creativity, tested through the
Duncker’s Candle Problem (Duncker, 1945). In the last study, through
daily diary methods and by surveying the same people daily, authors
were able to demonstrate that people reported more creative behaviors
on days when they also felt more awe than typical (Zhang et al., 2021).

Only a single study, the one by Chirico (Chirico, Glaveanu, et al.,
2018) exposed participants to an awe-inducing 3D video to test whether
even a single exposure to awe-eliciting content was able to increase
participants’ divergent thinking. The virtual content, aimed at eliciting
awe, depicted a natural scenario. Compared to the control condition, in
which participants were exposed to a neutral video, subjects belonging
to the awe VR-eliciting experience performed better in the divergent
thinking tasks, in terms of fluency, originality, flexibility and
elaboration.

To conclude, the feeling of a complex emotion such as awe, is
thought to be deeply linked to the possibility to experiment higher levels
of creative thinking. First studies on awe, both in terms of state and
dispositional awe, and creativity, suggested that the experience of awe
and the consequent adoption of a more open mindset and a less con-
ventional perspective may lead to greater creative potential which, in
turn, may lead to better creative performance. However, firstly, studies
attempting at setting a link between awe and creativity used a single

Table 4
Total awe score computed through the Awe Experience Scale (Total Awe), pre-training, post-training and one-week after the training for both experimental and control
condition.
Time Experimental condition Control condition ANOVA (time*condition)
Pre-training Post-training One-week follow up Pre-training Post-training One-week follow up F(Q) p n2
Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
Total awe 2.35 .81 3.17 1.03 3.01 1.20 2.54 .86 2.51 1.02 2.55 1.07 7.94 .007 1.64
Note. N = 27.
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brief exposure to it without considering the effect of this emotion on the
long run and, secondly, only one of these studies, that by Chirico
(Chirico, Glaveanu, et al., 2018), attempted to test the effect of awe on
creative thinking by means of a digital medium.

6. Methods and hypotheses

Our study intends to test the effects of prolonged exposure to awe,
through a standardized training, on creative thinking, giving some in-
sights into the nascent literature linked to Metaverse experiences.
Therefore, we hypothesized that participants in the awe-inspiring
training showed higher creative thinking, in terms of its sub-
dimensions of fluidity, flexibility, originality and elaboration, after the
training and compared with the control condition (H3).

6.1. Sample size calculation

54 participants voluntarily took part in the study. A priori power
analysis was conducted using G*Power version 3.1.9.7 (Faul et al,,
2007) to determine the minimum sample size required to test the study
hypothesis. Results indicated the required sample size to achieve 95%
power for detecting a medium effect, at a significance criterion of a =
0.05, was N = 54 for a 2 [Condition (control vs. experimental):] x 3
[time (pre vs. post vs. Follow up) mixed ANOVA. Thus, the obtained
sample size of N = 54 was adequate to test the study hypothesis.

6.2. Inclusion criteria

Inclusion criteria followed Study 1 procedure. The experimental
protocol was approved by the Ethical Committee of the Universita
Cattolica del Sacro Cuore prior to data collection. Each participant
provided written informed consent for study participation. Written
consent and all methods were carried out in accordance with the Hel-
sinki Declaration.

6.3. Procedure

Procedure for Study 2 was the same as in Study 1. The second study
consisted also of a follow-up phase that took place one week after the
training.

7. Measures and Instruments
7.1. Awe

See “Measures and Instruments” in Study 1.
7.2. Sense of presence

Sense of presence was assessed through ITC-Sense of Presence In-
ventory (ITC-SOPI). For further details see “Measures and In-
struments” in Study 1.

7.2.1. Excitement, curiosity and activation

Excitement, curiosity and activation were assessed by three ad-hoc
single items in relation to the training experienced by the participants.
The items were adapted from those originally used by Zhang and col-
leagues and measured on a 5-step Likert scale (Zhang et al., 2021) (“How
much did you feel excited?” “Durante lo svolgimento training, quanto ti sei
sentito/a stimolato/a?*; “How much did you feel curious?“, “Durante lo
svolgimento del training, quanto ti sei sentito/a curioso/a?*; “How much did
you feel activated?” “Durante lo svolgimento del training, quanto ti sei
sentito/a inspirato/a?*)

7.2.2. Creative thinking
Creative thinking was measured through Alternative Uses Task
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(AUT) designed and developed by Guilford in 1967 (GUILFORD, 1967).
AUT is one of the most used and effective existing way to test for
divergent creativity. Unlike other way of testing divergent thinking, it
focuses on how the participant develops a diverse set of responses and
solutions to the same problem. Moreover, this test is suitable for the
training, since, given the purpose of the second study, it is easy to be
implemented in an online version and given the high duration of the
training, it allows for repeated administration by keeping the same
standardized procedure and it requires a lower amount time to be
administered to participants compared to other ways of testing diver-
gent thinking. In the Alternative Uses Task (AUT), the participant is
asked to generate as many alternatives uses as possible for common
objects. Objects chosen for this study were a brick, a can and a rope.
Responses are analyzed by two different judges - an independent rater,
who was not aware of the objective of this study nor of the experimental
design, evaluated all responses - that categorized or “coded” them, based
on the nature of the function given in the response; responses with
similar functions received the same code. Originality and flexibility were
computed based on the assigned codes, while fluency and elaboration
were computed based on the raw responses (for further details about
scoring, see Alhashim et al., 2020). Originality, flexibility, fluency and
elaboration were the four subscales trough which scores were organized
in our dataset.

7.2.3. Data analysis

Analyses were performed using SPSS software for statistical analyses.
The sample consists of a total of 55 subjects (37 females), (mean age
23.93 years = SD = + 2.193). All participants were eligible according to
the selection criteria. Moreover, 30.9% of participants reported to have
high school diploma, 56.4% a bachelor’s degree, 10.9% a first-level
master’s degree 3.6%, 1.8% a 2nd level Master’s degree. Finally,
44.2% of participants reported to have previous experiences with VR.

8. Awe measures
- Dispositional awe

As a preliminary check, we conducted an independent samples t-test
(experimental vs. Control condition) on scores measuring the disposition
to feel awe (DPES awe subscale). Results showed no statistically sig-
nificant difference between the two groups.

- State awe

In order to test the hypothesis that the training was able to induce the
emotion of awe in the experimental group and that this same emotion
could also be maintained one week later, a 2 [Condition (control vs.
experimental):] x 3 [time (pre vs. post vs. follow up) ANOVA was con-
ducted with awe (“Total awe” measured with the Awe-S) as a measure. A
first analysis showed the existence of a main effect of the within time
factor [F (1) =9.72, p < .001, n2 =0.029] on awe. In contrast, there was
no main effect of the conditions of belonging on awe levels. Further-
more, a significant interaction effect between the within factor and the
between factor emerged [F (1) = 1.56, p < .001, n2 = 0.22]. The post hoc
pairwise comparisons — with Bonferroni’s correction — between the three
different time frames featured a significantly increased awe at the end of
the awe-inspiring training and in the follow up, compared to the initial
phase of the training. Moreover, we also conducted a 2 [Condition
(control vs. experimental):] x 3 [time (pre vs. post vs. follow up) ANOVA
with awe measured through the single item as a measure. Significant
differences in terms of awe levels were found between the control and
experimental condition only in the post-training phase [F (1) = 8.72, p
<.001, n? = 0.025].
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8.1.1. Sense of presence

Regarding the dimensions of individual presence measured through
the ITC-SOPI, an independent samples t-test was conducted by
comparing the two conditions in terms of each single dimension of the
sense of presence (i.e., ecological validity, physical presence, engage-
ment, negative effects). A significant difference between the two con-
ditions was found regarding the dimension of ecological validity [t (d.f
=52) =2.204, p =.032, d = 0.75]. Specifically, the experimental group
reported higher scores on the ecological validity sub-scale than the
control group (M; = 2.54, SD; = 0.78; My = 2.10, SD2 = 0.71).

8.1.1.1. Excitement, curiosity and inspiration

Regarding excitement, curiosity and inspiration, a 2 x 3 mixed
ANOVA on scores obtained by the experimental and the control group
before, after or in a one-week follow up from the training did not show
any statistically significant differences.

8.1.1.2. Creative thinking

To test whether the training was able to promote creative thinking, a
2 [Condition (control vs. experimental):] x 3 [time (pre vs. post vs.
Follow up) ANOVA was carried out regarding each separate dimension
of divergent thinking (i.e., originality, elaboration, fluidity, flexibility).
Specifically, it can be Flexibility [F (d.f = 1) = 4.847, p = .010, n2 =
0.036] and Originality [F (d.f = 1) = 3.218, p = .044, n2 = 0.020] at
time 3 (one-week follow-up) [(M1fexibility = 5-01, SD1 = 2.44; Maflexibility
=5.14,SDy = 2-63), (Mloriginality = 3.40, SD; = 2.44; MZoriginality =278,
SD, = 2.18)] were significantly higher compared to the post-training
phase [(Mifiexibility = 4.70, SD1 = 1.66; Moaflexibility = 4.25, SD2 =
1-57)’ (Mloriginality = 2.56, SD; = 1.78; MZoriginality =1.89,SDy = 1.18)]
in both conditions (control and experimental), while Fluency [F (d.f =
1) = 3,144, p = .047, 12 = 0.029] emerged as significantly higher in the
follow up (M1fluency = 6.59, SD1 = 2.97; Mafluency = 6.64, SD2 = 3.53)
compared to the initial phases of both trainings (M fuency = 6.19, SD; =
2.63; Mofluency = 5.576SD2 = 2.45). In other words, no significant dif-
ferences between the two conditions were observed regarding each
dimension of divergent thinking.

Finally, no significant interaction effect of time x condition for any of
the divergent thinking dimension was found. See Fig. 4. For a synthesis
of these results.

10. Discussion

This second training aimed at testing the impact of a novel awe-
inspiring training in the Metaverse, which is based on prolonged expo-
sure to several awe inductors by means of different awe-eliciting tech-
niques, on creative thinking. Considering the main effects of the
condition (experimental vs. control training) analyses revealed that
none of the four dimensions tested for creative thinking — fluency,
flexibility, originality, and elaboration — showed significantly different
scores between the experimental and control group. However, a differ-
ence was observed when considering the main effect of time and, thus,
the increasing of the scores of the four sub-dimensions within each
group over the three times — before the training, right after the training
and one week later. The main effect of time was found for the sub-
dimension fluency, together with flexibility and originality, but not for
elaboration. This can suggest an unfolding potential of both training
over time, hinting at a new variable to be considered within the domain
of awe: duration of number of awe experiences. Moreover, these results
can be deemed as partially in line with previous studies. Zhang et al.
(Zhang et al., 2021) found that people who reported high levels of trait
awe demonstrated greater creativity on various components of the
construct. They also reported that trait and state awe also predicted an
increased likelihood of solving a creativity problem. Our results
demonstrated that state awe predicted, even if not significantly, better
performance in terms of creativity thinking, in fluency, originality and

11

Computers in Human Behavior 148 (2023) 107876

flexibility dimensions. What emerged clearly, however, was the increase
of creativity scores right after and one week after the training compared
to the performance in the same tasks before the training itself. This
underlined the huge impact of the training, in terms of good usability of
the platform and designing of the experience itself, on creativity skills of
participants. Also, we aimed at improving results from previous studies
attempting at setting a link between awe and creativity but that used
only a single brief exposure to awe without considering the effect of this
emotion on the long term (Chirico, Glaveanu, et al., 2018).

On one hand, the lack of a significant difference of creativity per-
formance between experimental and control conditions, could be due to
a novelty effect, represented using the platform. For both groups,
indeed, at least 56% of participants reported to have never experienced
VR and specifically a social VR-based platform. On the other hand, in
this study, due to the duration of the training, a between-subjects design
was adopted. Novelty could have played a role in the detection of sig-
nificant differences between groups in terms of divergent thinking di-
mensions. However, also the role of previous expertise with VR and
related devices was measured and imported as a covariate, and it did not
emerge as a significant intervenient variable. Therefore, a measure of
novelty not related to the objective novel nature of the stimulus might be
considered.

Secondly, qualitative data, collected in the final debriefing phase,
showed that all participants in both conditions reported that the training
allow them the deep expression of positive emotions, such as “wonder,
“astonishment” and “joy”, among all the phases of the training and
particularly when asked to discuss and share, through the focus group,
their own feelings. Participants in both conditions reported positive
feelings during the training. At the same time, participants reported a
sense of disquiet, fear at times, for being confronted with something
never seen before, sometimes perceived as “infinite”, or in any case
“incredibly vast”. A sense of altered spatial and temporal dimensions
was also reported by some participants in both groups. Furthermore,
several participants reported a sense of feeling “connected” to the
experience they were having, which also led them to make deeper re-
flections on themselves. So, although the levels of awe experienced
within the experimental group were significantly higher than those of
the control group, the experience with the platform and the training
itself was emotionally arousing in both groups.

Moreover, in line with previous studies in the literature (Goctowska
et al., 2021; Richardson et al., 2022; Ritter et al., 2012) this affective
ambivalence experienced by participants, both in the experimental
group and — even if to a lesser extent — in the control group, could partly
explain the absence of significant differences in the two groups. Like-
wise, such affective ambivalence experienced following the training
could partly shed light on the increases over time observed in both the
experimental and control groups in the different sub-dimensions of
creative thinking. As demonstrated by Fong, individuals who are feeling
emotionally ambivalent show heightened sensitivity to associations.
This enhanced sensitivity is due to emotional ambivalence being
regarded as an unusual and unique emotional experience (Fong, 2006).
That is, being immersed for a prolonged period in an environment that
arouses ambivalent feelings may have prompted participants to generate
a greater number of innovative and original associations and ideas in
AUT task, detected only for and by the subdimension elaboration.

Moreover, as also posited in the Diversifying Experiences’ model of
Goctowska et al. (2021), this unusual class of experiences could hold
moderate intensity, otherwise, it turns into something expensive at the
cognitive and emotional level. In this case, maybe, the duration and
commitment — in terms of cognitive resources — required of the partic-
ipants for active participation in the training together with the perfor-
mance in the creative tasks may have contributed to the different scores
obtained by participants in creativity tasks at time 2, right after the
training, and time 3, in a one-week follow-up. That is, one week after the
training, participants executed again only creativity tasks without tak-
ing part into the awe-inspiring training and so, performing significantly
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better in terms of creative thinking skills.
11. Conclusions and future directions

This two-steps study aims at testing for the first time whether an
evidence-based training designed in VR conducted on the Metaverse, the
social platform AltSpaceVR, was effective in eliciting awe in two
different groups of participants. Specifically, the study followed an in-
cremental logic in analyzing, together with the effectiveness of the
training, the usability of the platform, for Study 1, and the link between
awe and creativity, for Study 2. The second aim, addressed by the first
study, was to analyze the user experience provided by the platform, as
well as its usability while the third objective, exploited by the second
study, was to test the levels of creativity of participants, in terms of
creative thinking, immediately after the training and one week later. In
order to meet these objectives, two different training were conducted.

This is the first time the impact of a prolonged exposure to an awe-
inspiring VR environment was tested. With respect to the first hypoth-
esis concerning the effectiveness of the training, quantitative results
from the first study were able to confirm the effectiveness of the training,
both for its structure and the type of platform chosen, for inducing a
complex emotion such ad awe. Levels of awe were found to be signifi-
cantly higher than that elicited by the control training and the effect
could be seen also in a follow-up, one week after the end of the training.
Moreover, for the first training, we hypothesized that the configuration
of the AltspaceVR platform would ensure good usability in terms of ease
of use and achievement of objectives with the least amount of effort,
thus providing participants with an overall sense of satisfaction and a
positive user experience. Participants reported a satisfying experience
related to the use of the platform, which supported the potential of social
VR as an effective tool for designing complex experiences. Participants’
qualitative reports indeed indicated that the wide array of options for
customizing avatars emerged as a positive factor capable of generating a
sense of general satisfaction in users. Some participants noted that
realizing their avatar version was a moment when they could either
recreate themselves while remaining true to themselves or, on the other
hand, choose to opt for a new identity. Regarding the use of the platform
as a way to interact and meet other people online, sharing thoughts and
feelings, all participants stated that they feel confident talking and
interacting with other people and that the communication within the
social space was fluid and, in some circumstances, even easier compared
to that in real everyday life.

Therefore, VR social platforms such as AltspaceVR confirm them-
selves as an efficient, user-friendly and effective tools for designing such
trainings aims at eliciting complex emotions and investigating their link
to constructs such as creativity. Indeed, the second main aim of the
current research was to test whether the experimental training, by
eliciting awe, would also increase participants’ creative thinking levels.
In this case, the results obtained only partially confirm the research
hypotheses since we find out a main effect of time on some of the di-
mensions of creative thinking, namely fluency, flexibility and origi-
nality. Future research, however, have to improve some aspects
regarding the administration of the training. In our case, all participants
logged onto the platform using a computer and enjoyed the multimedia
content in non-immersive mode via the PC screen itself. Although an
increase in awe levels was observed in the participants belonging to the
experimental group, confirming the effectiveness of the training in
inducing this complex emotion, it is nevertheless possible that a more
immersive inductive technique (i.e., VR viewers) would have ensured an
optimal activation level to be reached, which would have allowed a
greater impact of the training on creative thinking measures to be
observed.

Moreover, we may not find out a stronger difference between
experimental and control groups in creativity performance due to the
overall duration of the training that may have contributed to fatigue of
the participants and, consequently, indirectly impacted on the
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performance obtained in the post-training phase. For this reason, it
would certainly be useful to test whether reducing the overall duration
of the training (i.e., only using the narratives and experiences in the two
virtual worlds) could lead to different results. Moreover, the neutral
training could be further emptied of arousing stimuli to decrease its
emotional impact on participants. In summary, further studies could
advance current findings in four main ways. First, they can replicate the
same methodology but requiring participants to use more immersive
devices such as Head Mounted Displays (HMDs). Then, as already
mentioned, creative thinking can be investigated also in terms of
convergent thinking, and not just divergent thinking. Therefore, a suit-
able future conclusion can be considering both divergent and conver-
gent thinking measures in the different phases of the training, along with
measures of insight placed in the most arousing moments of the training
itself (Salvi, 2021; Salvi, Simoncini, Grafman, & Beeman, 2020).
Moreover, the methodology itself can be sharpened by adding more
pauses and more VR scenarios able to feature different instances of awe,
such as the view of an Eclipse or Auroral Borealis.

Finally, on one hand, AltspaceVr platform proved as an efficient,
user-friendly, emotion-inducing training. This result may suggest that
also social VR platforms could become suitable instruments not just for
eliciting complex emotional states, but also for testing the impact of
these phenomena on specific skills, such as creative abilities. Specif-
ically, it would be useful, as a further step, to test the transferability of
skills learnt during these social VR emotional trainings in reality.

With this regard, our findings open the more general debate around
the potentiality of employing awe-inspiring training in the Metaverse
within different fields and domains. In healthcare, awe-eliciting sce-
narios can be implemented to stimulate self-transcendence positive
emotions, which, in turn have been linked to well-being (Yaden, Haidt,
Hood, Vago, & Newberg, 2017). Moreover, there is a growing interest in
elucidating the potential therapeutic role of awe for depression by
considering the potential connections between these two phenomena
across multiple levels—namely, the psychological, hormonal, neuro-
physiological, and existential levels (Chirico et al., 2020; Chirico &
Gaggioli, 2021). In education, awe-eliciting scenarios could be applied
in online-based learning activities; indeed, there is growing interest in
incorporating creativity, along with other elements such as collabora-
tion and positive emotions, into the learning process to enhance stu-
dents’ critical and reflective thinking skills (Supena, Darmuki, &
Hariyadi, 2021). Digital platforms like AltspaceVR, enable the creation
of collaborative environments that can evoke complex and positive
emotions, potentially enhancing educational processes. Implementing
awe-inducing scenarios in specific moments of learning process (e.g.,
during abstract conceptualization or reflective thinking) could poten-
tially broaden the cognitive resources of the learner, leading to better
elaboration of contents material. To conclude, the training can be used
for potentially unlimited purposes and giving the increasing number of
evidence in favor of virtual nature of wellbeing promotion and nature
connectedness and Pro environmental behavior promotion, these fields
might be an urgent and promising object of analysis in this Metaverse
experience.
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