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Unveiling the underlying 
structure of awe in virtual reality 
and in autobiographical recall: 
an exploratory study
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Eleonora Diletta Sarcinella 1, Pietro Cipresso 2 & Andrea Gaggioli 1,4

Over the last two decades, awe has attracted the attention of an increasing number of researchers. 
The use of virtual reality has been identified as one of the most effective techniques for eliciting awe, 
in addition to more personalized methods for inducing emotion, such as autobiographical recall. 
However, previous measures of awe were unable to uncover the hidden structure of this experience. 
Awe experience scale (AWE-S) has been validated as a comprehensive measure of contingent awe in 
English, providing new opportunities for analysis. In this two-phases study, we investigated whether 
the latent structure of the experience of awe evoked by the autobiographical recall technique 
(Study 1) overlapped with that induced by exposing participants to a validated virtual reality awe-
eliciting training (Study 2). The original English AWE-S structure held both in autobiographical recall 
induction and virtual reality-based elicitation. Despite evidence of overlap between English and Italian 
structures, low correlations were found between Italian trait measures used to test the concurrent 
validity of the AWE-S in the Italian sample and AWE-S state dimensions. This study highlights 
cultural differences in awe experience, trait, and state variations, and provides new insights into the 
standardized induction of this emotion through simulated environments.

Keywords  Virtual reality, Awe, Autobiographical recall, Emotion, AWE-S, Exploratory factor analysis, 
Confirmatory factor analysis

The fairest thing we can experience is the mysterious. It is the fundamental emotion which stands at the cradle of 
true art and true science. He who knows it not and can no longer wonder, lo longer feel amazement, is as good as 
dead, who can no longer pause to wonder and stand rapt in awe, is as good as dead: his eyes are closed.

Albert Einstein in "The World as I See It”.
It may be not surprising that, after centuries of silence, there is now a great deal of scientific debate in the 

field of psychology concerning of the multifaceted and mysterious emotion of awe1–7, which dwells on the “upper 
reaches of pleasure and on the boundary of fear”1 (p. 297). The reasons for this renewed interest and controversy 
are various. First, there is a tendency to exaggerate the beneficial effects of this emotion (https://​www.​newsc​
ienti​st.​com/​artic​le/​mg235​31360-​400-​aweso​me-​awe-​the-​emoti​on-​that-​gives-​us-​super​powers/, accessed on 1 July 
2023.) theoretically, and empirically. While awe’s neuropsychophysiological profile is still under study8,9 (e.g., as a 
result of both positive and negative experiences of awe, the left middle temporal gyrus was deactivated, while only 
positive awe resulted in increased functional connectivity in these areas and in the anterior/posterior cingulate 
cortex10), a growing number of studies has demonstrated a link between this emotion and overall mental, physi-
cal health11 as well as wellbeing12. Awe has a number of interesting subjective qualities, as it has been shown to 
expand time perception13, diminishes the sense of self 14, induces uncertainty15, and fosters prosocial intentions, 
attitudes, and behaviors in adults14,16,17 and in children18. Awe has been shown to promote a sense of connected-
ness with nature19,20 and with all humans21, along with intention to safeguard the natural environment22. Crucially, 
these awe-related patterns emerged in a similar way in eastern as well as in western cultures21.
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However, the exact definition of awe is still a matter of contention. Among other valuable definitions of awe 
(e.g., 23–28), Keltner and Haidt’ seminal and multidisciplinary account of awe1, which has often been cited as the 
basis for the experimental induction of this emotion29, distinguished two main dimensions of this emotion. Awe 
arises from stimuli so vast (i.e., vastness) to require an accommodation of individual’s mental frames1 (i.e., need 
for accommodation) (or their expansion14 due to exceeded expectancies22). Keltner and Haidt suggested that awe 
has various ‘flavors’1 (e.g., admiration, elevation, the sublime).

Awe has typically been measured using single items (e.g., “I felt awe”), which motivated the development of a 
multi-dimensional state measure of awe23. The validation studies of the first standardized questionnaire for meas-
uring awe, the Awe Experience Scale23, revealed the multi-dimensional latent structure (p. 1) of this experience23. 
Some typical features of emotions emerged, such as the presence of a distinct expressive pattern (i.e., Physical 
sensations) as manifested in goosebumps, as well as facial expressions (eyes widening, mouth opening). This set 
of studies also outlined three other “facets” of this emotion, typical of a self-transcendent experience24, such as 
an alteration of time (i.e., Time dimension), a sense of self-diminishment (i.e., Small self), and of connectedness 
(i.e., Connectedness). Often, awe has been labelled as a self-transcendent emotional experience24–28. Crucially, 
self-transcendent properties of awe have already been shown to be connected to positive outcomes such as to 
inspiration30, authenticity31, and prosocial behaviors32.

The AWE-S scale has been validated in English and with mostly US participants33. However, it has not been 
tested psychometrically in Italian and rarely in other non-US populations34. Evidence suggested that there can 
be cultural differences in appraisals leading to emotions and in emotion regulation strategies and emotional 
expressions between US and Italian participants (e.g.,35–37) . Moreover, Italy differs from US at several levels. 
Despite they can be both considered as individualistic cultures38 Italy belongs to Latin Europe, and it has pecu-
liar linguistic backgrounds, which can be traced back to the Latin and the Romance language. In line with this, 
some key differences have been already found regarding basic emotions words equivalence in English-speaking 
countries vs. Italy39. For instance, studies conducted on Italian language, have showed that intensity of a given 
emotional experience predicted the degree of perceived prototypicality of an emotional lexical term40. Italy has 
a rich history concerning the sublime—as a proximal experience to awe41,especially in the philosophical dis-
course, and disentangling the prototypical nature of these two phenomena is an urgent and still open issue41,42. 
This is far more crucial if considering the negative nuances of awe experience (i.e., the sublime emphasizes a fear 
component) and that recent evidence suggested a mixed emotional nature of threat-based version of awe, quite 
different from classical induction of positive awe experiences43. Specifically, threatening awe has been shown to 
produce adaptive outcomes for the individual. This is evidenced in threatening awe’s ability to promote prosocial 
tendencies13, and the involvement of brain areas associated with empathy and self-reflection as presented in15. 
Therefore, more studies on the psychometric properties of existing language-based self-report US measures of 
affects and emotions are needed.

Complicating matters further, empirical, and theoretical evidence have progressively showed that there may 
be also different “versions” of awe44. For instance, there is, at least, an every-day awe, which is generally conceived 
as a positive emotion45 similar to wonder46. In this regard, usually, awe is framed and studied as a distinct positive 
emotion characterized by specific behavioral, physiological and cognitive patterns11,47,48. A more intense kind of 
awe experience may also exist49, which is closer to a transformative phenomenon imbued with a blend of positive 
and negative emotional components and philosophically rooted into the notion of the sublime41. According to a 
recent quantitative correlational study based on US-standardized awe measures and analyzing the relationship 
between the sublime and awe, showed several positive correlations between these two phenomena, especially 
concerning the self-transcendence domain5, thus, suggesting a certain degree of overlap between the two con-
cepts. Increasingly, it has been proposed that awe should be conceived more as an experience rather than just 
as a typical emotion50–52. Qualitative accounts of this emotion25,53 reinforced this assumption by revealing other 
facets of awe, such as ineffability, the numinous, or heightened perception.

Methodological advancements have been proposed to move towards a more ecologically valid analysis of 
this emotional experience. Accordingly, recent studies have begun to combine phenomenological approaches, 
neuropsychophysiological measures, and Virtual Reality (VR)6,54. Several recent studies have used Virtual Reality 
(VR) as a novel paradigm for studying even complex or paradoxical experiences of awe in the lab12,55,56. These 
methods allow researchers to move from a low intensity form of awe to a more profound version of it, which 
enables more self-transcendent kinds of experiences57–59.

Reproducing intense instances of awe in the lab depends on the combination of a specific medium with rel-
evant content60. Specifically, it was the combination of VR with awe-inspiring content that effectively triggered 
profound experiences of this emotion. That is, content design matters, even if not alone. Such methods allow 
researchers to progress beyond merely showing videos on a computer screen, which previous awe research relied 
on in many studies.

Another open question about awe concerns how a range of situations and stimuli evoke awe. When partici-
pants were asked to recall personal experiences of awe, nature emerged as one of the most frequent elicitors23, 
followed by great skills, an encounter with God, great virtue, monument, powerful leader, grand theory, music, 
art, and epiphany. However, curiously, there were also several other frequent “non classified” elicitors, which 
emerged from the English validation of the Awe Experience Scale; among them, authors mentioned childbirth23. 
Recently, Keltner and colleagues proposed to group domains able to evoke awe in to the following categories: 
spiritual engagement, music, dance, and psychedelics11,46. Recently, also collective inductors of awe have been 
studied and proved effective in eliciting fairly intense moments of awe3. Specifically, at the experimental level, 
awe has been reliably elicited across different methodologies, also showing unique effects on study outcomes 
relative to other positive emotion states28.

Research on awe could be divided into studies focused on low intensity “everyday” awe, at the 
dispositional25,61,62 and at the state level61 and, on the other hand, those pursuing the goal of capturing high 
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intensity moments of awe63–65 such as (but not necessarily limited to) VR6,66. Across all of these studies, the main 
dimensions of awe (vastness and need for accommodation) are generally generated even across quite different 
emotion-induction techniques29, but a core issue remains: does the multidimensional latent structure of awe 
change across induction techniques and levels of intensity?

In the present studies, the primary interest was first to create an Italian version of the AWE-S and then to 
examine the factor structure of the AWE-S after two different methods of awe induction. On the one hand, we 
relied on the classical method of autobiographical recall to elicit awe, by asking participants to recall a personal 
experience of awe. On the other hand, another group of participants was exposed to awe-inspiring virtual reality 
scenarios, as a standardized methodology of emotion induction. The aim was to investigate to what extent the 
latent structure of the experience of awe elicited by the autobiographical recall overlapped with awe induced 
by the standardized exposure to awe inspiring VR, in two different studies. In Chirico67, it has been suggested 
that different awe-inducing techniques may result in different levels of intensity of awe, since the quality of each 
emotional experience can be affected by the different emotional induction techniques used68.

In this set of two studies, we analyzed the latent structure of the global experience of awe by administering 
the Awe- Experience Scale (AWE-S) to a sample of Italian individuals, asking them to recall an awe-inspiring 
moment of their life (i.e., autobiographical recall) and administering the AWE-S (study 1). Then, we tested if 
the resulting model was held with the experience of awe induced in VR (study 2). We then inspected the factor 
structure of an Italian version of the AWE-S.

Study 1
Materials and method
Participants
The study included 350 participants who all voluntarily took part in the study (255 females—mean age = 31.8; 
S.D. = 14.7; 95 males − mean age = 29.9; S.D. = 15,4). They were adults over 18, mostly educated, with an average of 
14 years of schooling (18.9% n = 61 of them had a middle school diploma, 32.9% n = 115 presented a high school 
diploma and 22.9% n = 80 had a master’s degree. They lived mostly with their family (74.4%, n = 257), and half 
of them were Christian Catholic (54%, n = 189): the other half did not express their religious orientation. Their 
families were mostly Christian Catholic (83.7%, n = 293).

Participants were recruited through announcements on principal social network platforms, such as email, 
Facebook, and Instagram. People who showed interest in the study received a link provided with a description of 
the main objective of the research, containing all the questionnaires that they were required to fill in to participate 
in the research. The survey was conducted entirely online using Qualtrics, a secure online survey distribution 
and data collection program.

The experimental protocol was approved by the Ethical Committee of the Università Cattolica del Sacro 
Cuore prior to data collection. Each participant provided an electronic informed consent for study participation. 
Participants’ consent and all methods were carried out in accordance with the Helsinki Declaration.

Measures
Italian version of the awe experience scale (AWE‑S).  The Awe Experience Scale23 is a self-report questionnaire 
assessing the intensity of state awe lived by participants during a peculiar event. Participants were asked to recall 
and briefly describe an event from the past in which they experienced awe. The AWE-S questionnaire contains 
30 items on a seven-point Likert scale (1 = Strongly Disagree, 2 = Moderately Disagree, 3 = Somewhat Disagree, 
4 = Neutral, 5 = Somewhat Agree, 6 = Moderately Agree, 7 = Strongly Agree). It consists of six main dimensions 
(Factors): Vastness; Need for Accommodation; Connectedness; Self-diminishment; Physical Sensations; Time. Two 
bilingual translators translated the original English items into Italian and then back translated them into English 
in order to ensure the most accurate translation possible and avoid conceptual or linguistic errors. Their transla-
tions were checked at the semantic, lexical, and syntactical level following guidelines provided by Borsa et al69.

Other self-report instruments for the assessment of contingent experiences of awe have also been 
developed59–61. However, in this study, we chose to administer the AWE-S as a widely used scale for measur-
ing awe and in a more robust and granular way. The Italian translation of the specific term awe by consultation 
among the two bilingual experts and authors gave rise to a periphrasis in which a noun and an adjective were 
combined (it. profonda meraviglia)70, that is, “profound” and “wonder”, hinting at something more intense and 
complex than wonder itself.

Italian validated version of the positive and negative affect scale (PANAS).  The PANAS represents positive and 
negative affective experiences63. In this study, we adopted the Italian validation64 of this questionnaire consist-
ing of 20 adjectives measuring two dimensions of affective experience: positive (10 adjectives) [Positive Affect 
scale (PA)] and negative (10 adjectives) [Negative Affect scale (NA)]. This study adopted the state version by 
instructing participants to indicate to what extent each of the 20 adjectives describes the way they felt while 
recalling the awe experience on a 5-point Likert scale (1 = strongly disagree to 5 = strongly agree). Awe has been 
generally considered as a positive emotion71–73, thus, measures tapping into negative affect dimension should act 
as divergent ones.

Italian validated version of the dispositional positive emotions scale (DPES).  In this study, the Italian 
validation74 of the Dispositional Positive Emotions Scale71 was used. It is a self-report measure assessing the 
disposition to live the following positive emotions: Happiness; Compassion; Amusement; Love; Pride; Awe. The 
scale requires participants to answer 37 items rated on a 7-point Likert scale, anchored at 1 = Strongly disagree 
and 7 = Strongly agree.
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The Italian Dispositional Awe scale showed moderate positive correlations with the Positive Affect Factor65, 
and negatively with the Negative Affect factor. By relying on this evidence, we considered the PA Scale as a con-
vergent validity measure and the NA as a divergent one.

Italian version of emotion regulation questionnaire (ERQ).  The Emotion Regulation Questionnaire75 is a vali-
dated 10-item questionnaire on a 7-point Likert scale (1 = strongly disagree; 7 = strongly agree) aiming to meas-
ure two strategies of emotion regulation: Cognitive Reappraisal (Factor 1: 6 items) and Expressive Suppression 
(factor 2: 4 items). In the current study we used the Italian version of the ERQ76. Participants were required to 
think about how they usually regulate their own emotions. Based on the results of a study focusing on the Italian 
validation of the DPES, this was used as a measure of convergence and divergence validity. This study found that 
dispositional awe was negatively correlated with Suppression (but not significantly) and significantly positively 
correlated with Reappraisal.

Procedure
The survey was conducted using Qualtrics survey software and an online informed consent form was provided 
to participants. There were no minors included in the study. Participants were recruited through flyers, social 
networks, and word-of-mouth. Participants were told that they would be asked to complete a questionnaire 
regarding awe. Then, they filled the first part of the questionnaire to gather socio-demographic data and com-
pleted the Italian translation of the AWE-S. Participants were invited to recall a personal experience of awe using 
the same instructions from Yaden et al.23 Then, participants answered the 30 items of the Italian AWE-S. Finally, 
participants completed the Italian version of the DPES, PANAS, ERQ.

Results
Data analyses
We carried out an Exploratory Factor Analysis (EFA) on 30 items of the Italian version of the AWE-S, in order 
to investigate the latent factorial structure of the Italian version vs. the original English one. EFA was performed 
using Jamovi statistic software version 2.3.21. Then, several Pearson’s correlations were carried out to test con-
vergent and divergent validity of the Italian version of the AWE-S.

Preliminary data analysis
No missing cases were found for AWE-S and for the other scales. Thus, a final sample of 350 participants was 
used. To check the normality of the scale, we examined skewness and kurtosis values of each item. As in the 
validation of the original scale, it was expected some values would not follow a normal distribution, because the 
prompt asked for a particularly intense awe-inspiring experience. In line with this, item 16, 17, 18, 20 featured 
high levels of kurtosis. In the original English version of the scale these items converged in the factor of Vast-
ness, so it is plausible that these values depend on the intense extraordinary nature of this recalled experience.

To examine the structure of the Italian AWE-S, an EFA analysis was conducted out on the original set of items. 
Prior to performing the EFA, a parallel Monte Carlo simulation analysis70 was run on the 30 items to determine 
the optimal number of factors to retain (Fig. 1). This analysis indicated a maximum of a six-factor structure. The 
six-factor solution was further validated by the eigenvalues, indicating that 6 factors had eigenvalues greater than 
1.0, collectively accounting for 61% of the total variance. Additionally, an inspection of the correlation matrix 
revealed that all coefficients were 0.50 and higher.

Exploratory factor analysis
Therefore, we chose to test the 6-factor solution in line with the original structure of the scale, as suggested by 
Parallel Analysis. Moreover, given the nature of the scale, which assesses dimensions of the same experience, 

Figure 1.   Parallel Analysis: Scree Plot. 6 factor solution.
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we expected that our factors would be correlated. Therefore, we carried out a Principal Axis Factoring (PAF) 
analysis with promax rotation. The 6-factor solution explained 61% variance.Keiser Meyer Olkin (KMO = 0.834) 
and Bartlett’s test of Sphericity [χ2 (425) = 6625; p < .01] on the rotated data matrix supported this solution. In 
this factorial solution, item 29 (Italian translation: Ho fatto fatica a capire fino in fondo tutto ciò che stavo speri-
mentando in una volta sola) did not load on any factor and showed low communality. Therefore, item 29 was 
dropped, and the 6-factor solution provided the maximum number of stable and reliable factors. Factor order 
reflects the original English version. Therefore, even though “Self-loss” was extracted as the first factor since it 
explained the highest portion of variance, we chose to label it as “Factor 2” for clarity, to adhere to the original 
order of items in the English version (Tab.1).

Items corresponding to each factor were summed. The final Italian AWE-S, therefore, included 29 items total, 
with 5 items per factor (despite for Factor 6, with 4 items). Each factor was tested with reliability Cronbach’s 
alpha (α), showing high statistic reliability. Standardized alphas were as follows: (F1) Time α = 0.87 (F2) Self-
loss α = 0.94; (F3) Connection α = 0.85; (F4) Vastness α = 0.80; (F5) Physical Sensations α = 0.84; (F6) Need for 
Accommodation α = 0.88.

Concurrent validity
At this stage, the correlation between factors resulting from EFA and other constructs found in validated scales 
was analyzed. We conducted initial validation of the AWE-S by with respect to the trait scale of the Dispositional 
Positive Emotion Scale (DPES), the Italian version of the PANAS, and the ERQ (Table 2).

Awe triggers
A coder expert in awe research was supplied with the written excerpts and then asked to extract the main elicitor 
of awe described in the excerpt, starting from categories used in Yaden et al.23 and listed in the Keltner and Haidt’ 
seminal model of awe1. Each excerpt was then coded according to the elicitor. “Social Connection” was added as 
an additional category, given also recent findings on the social elicitors of awe3 (Fig. 2).

Moreover, we also identified these typologies of Nature: Blue spaces77; Green spaces78; White spaces79; Ephem-
eral phenomena (sunset, sunrise, and storm)80; Brown environments81; Mountains (when participants reported 
the specific elicitor but not its features, e.g., whether it was green, white, or brown). We also added the category 
‘Other’ for those natural environments whose features were not clearly reported by participants (Fig. 3).

Study 2
Participants
The study included 106 participants (74 females—mean age = 27.2; S.D. = 9.2; males − mean age = 29.6; S.D. = 11,3). 
They were adults over 18, mostly educated (4.72%, n = 5 of them had a middle school diploma, 24.53%, n = 26 
presented a high school diploma, 51.89%, n = 55 had a bachelor’s degree and 18.87%, n = 20 had a master’s degree). 
Moreover, 39.7% (n = 42) of participants reported having previous experience with VR.

Participants were involved in the same awe-inspiring training in a social virtual reality platform called Alt-
spaceVR, in which all the scenarios were preliminarily tested for their effectiveness to elicit awe. Participant 
underwent the online training and finally, they completed the AWE-S on Qualtrics. The experimental protocol 
was approved by the Ethical Committee of the Università Cattolica del Sacro Cuore prior to data collection. 
Each participant provided an electronic informed consent for study participation. Participants’ consent and all 
methods were carried out in accordance with the Helsinki Declaration.

Measures
Italian version of the awe experience scale (AWE‑S)
The Awe Experience Scale23 validated in the previous study (study 1) in Italian was used in this study.

Italian validated version of the dispositional positive emotions scale (DPES)—awe subscale.
In the two studies, again, the Italian validation4 of the Dispositional Positive Emotions Scale71- Awe Subscale 
was used.

ITC‑SOPI sense of presence inventory
It is a well-validated questionnaire composed of 42-items on a 5-point Likert scale (1 = strongly disagree; 
5 = Strongly agree). We used the Italian adapted version of this questionnaire82. This questionnaire consists 
in four subscales, each referring to a specific dimension of presence, with a good original internal consistency 
(Cronbach Alpha ranging between 0.76 and 0.94): Sense of Physical Space (0.94); Engagement (0.89); Ecological 
Validity (0.76); Negative Effects (0.77).

Procedure
Participants underwent an interactive screen-based validated awe-inspiring training on the social virtual plat-
form AltspaceVR, which had been previously tested56 and consisted of four phases. The first two phases served 
as tutorial and introductory functions. As a third step, participants accessed either the validated virtual world 
“Deep space”, or the VR scenario “Tall Forest”, both featuring an awe-inspiring narrative lasting about 5 min. 
In the last phase, participants were administered the AWE-S, the ITC-SOPI Sense of Presence Inventory, and 
DPES. The entire training lasted one hour with 3 different moments of pause for participants to minimize pos-
sible fatigue and cybersickness.
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To detail the training, a brief description of each phase is provided. The training was divided into four 
phases. On the day before the training, participants were invited to download AltspaceVR on their own laptops. 

Table 1.   Final factor solution: Pattern matrix showing factor loadings from exploratory factor analysis PAF 
with promax rotation in the final version of the scale (29 items, n = 350).

Time Self loss Connection Vastness Physical sensations Need for accommodation

1 2 3 4 5 6

1. Ho percepito le cose rallentare momentaneamente
(I sensed things momentarily slow down) 0.738

2. Ho notato che il tempo stava rallentando
(I noticed time slowing) 0.808

3. Ho sentito cambiare la mia percezione del tempo
(I felt my sense of time change) 0.796

4. Ho sperimentato il trascorrere del tempo in modo diverso
(I experienced the passage of time differently) 0.681

5. Ho avuto la sensazione che un momento durasse più a lungo del solito
(I had the sense that a moment lasted longer than usual) 0.816

6. Ho sentito che il mio senso del sé era diminuito
(I felt that my sense of self was diminished) 0.962

7. Ho sentito il mio senso del sé rimpicciolire
(I felt my sense of self shrink) 0.831

8. Ho sperimentato un senso del sé ridotto
(I experienced a reduced sense of self) 0.952

9. Ho sentito il mio senso del sé diventare in qualche modo più piccolo
(I felt my sense of self become somehow smaller) 0.977

10. Mi sono sentito piccolo rispetto a tutto il resto
(I felt small compared to everything else) 0.649

11. Ho avuto la sensazione di essere connesso a ogni cosa
(I had the sense of being connected to everything) 0.761

12. Ho sentito un senso di comunione con tutti gli esseri viventi
(I felt a sense of communion with all living things) 0.919

13. Ho sperimentato un senso di unità con tutte le cose
(I experienced a sense of oneness with all things) 0.595

14. Mi sono sentito strettamente connesso con il genere umano
(I felt closely connected to humanity) 0.787

15. Ho avvertito un senso di completa connessione
(I had a sense of complete connectedness) 0.489

16. Ho sentito di essere in presenza di qualcosa di grandioso
(I felt that I was in the presence of something grand) 0.596

17. Ho sperimentato qualcosa di più grande di me
(I experienced something greater than myself) 0.723

18. Mi sono sentito in presenza della grandiosità
(I felt in the presence of greatness) 0.695

19. Ho percepito qualcosa che era molto più ampio rispetto a me
(I perceived something that was much larger than me) 0.671

20. Ho percepito la vastità
(I perceived vastness) 0.653

21. Ho sentito la bocca spalancarsi
(I felt my jaw drop) 0.636

22. Mi è venuta la pelle d’oca
(I had goosebumps) 0.826

23. Sono rimasto senza fiato
(I gasped) 0.717

24. Mi sono venuti i brividi
(I had chills) 0.757

25. Ho sentito gli occhi spalancarsi
(I felt my eyes widen) 0.63

26. Mi sono sentito in difficoltà nell’elaborare mentalmente ciò che stavo 
sperimentando
(I felt challenged to mentally process what I was experiencing)

0.713

27. Ho trovato difficile comprendere l’esperienza pienamente
(I found it hard to comprehend the experience in full) 0.949

28. Mi sono sentito in difficoltà nel comprendere l’esperienza
(I felt challenged to understand the experience) 0.945

29. Ho cercato di comprendere la grandezza di ciò che stavo sperimentando
(I tried to understand the magnitude of what I was experiencing) 0.652
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Participants used AltspaceVR’s non-immersive but interactive format. No headset was used, and they navigated 
and interacted with objects using their keyboard. The participants were trained in AltspaceVR use on the day of 
the training. The facilitator demonstrated and explained basic controls (e.g., walking, turning on a microphone, 
listening to other participants, etc.), and participants were given the opportunity to try them. Then, participants 
were instructed to open the link that contains direct access to the AltspaceVR awe-inspiring world. After a brief 
introduction on emotion science (elicitors, appraisal themes, action tendencies, evolutionary function) using 
the virtual presentation provided by the VR platform, participants accessed the "Deep Space" world, which 
featured a validated awe-inspiring narrative lasting about 5 min. The facilitator determined the beginning and 
end of the exposure. The participants were then required to proceed to the second scenario, Tall Forest, where 
another validated five-minute awe-inspiring narrative began. Both scenarios were accessed by all participants in 
a counterbalanced order, according to the instructions provided by the facilitator. At the end of the experience, 
participants were invited to participate in two different activities. They were invited to share the experience and 
then to make associations between the current moment and their daily lives. Finally, AWE-S was administered, 
along with ITC-SOPI and DPES.

If we assumed that the same structure of AWE-S as in Italian Study 1, along with the original autobiographical 
instructions, could also be found in Study 2 with a standardized induction of awe (i.e., just exposing participants 
to a VR scenario, without prompting them with an explicit description of awe), we would have achieved a first 
promising step towards identifying this emotion’ semantic domain.

Figure 2.   Funnel chart showing frequency of triggers of Awe in this sample. N = 227.

Figure 3.   Funnel chart showing frequency of categories of awe-inspiring nature in this sample. N = 114. We 
identified these typologies of Nature: Blue spaces77; Green spaces78; White spaces79; Ephemeral phenomena 
(sunset, sunrise, and storm)80; Brown environments81; Mountains (when participants reported the specific 
elicitor but not its features, e.g., whether it was green, white, or brown). We also added the category ‘Other’ for 
those natural environments whose features were not clearly reported by participants.
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Results
Preliminary data analyses
We carried out a CFA to test the fit of the Italian AWE-S derived in the previous study. To analyze this 29-item 
6-factor model for CFA we used MPLUS software 872, computing also Comparative Fit Index (CFI), Tucker–Lewis 
index (TLI), and Root Mean-Square Error of Approximation (RMSEA), and standardized Root Mean Square 
Residual (SRMR), AIC (Akaike Information Criterion) and BIC (Bayesian Information Criterion) to evaluate the 
differences between the various models tested83. Preliminarily, we checked for normality. Data was not distributed 
normally. No multivariate outliers were identified.

The determination of model fit was based on a comparison of the fit indices obtained from the 4 CFAs with 
the suggested cutoff values frequently cited in the literature for the CFI, TLI, RMSEA, and SRMR indices (c.f.84). 
According to Schreiber et al.83, A RMSEA below of 0.08 is an acceptable fit; a Tucker–Lewis Index (TLI) greater 
than 0.90 indicates is an acceptable fit; Comparative Fit Index (CFI) greater than 0.90 indicates is an acceptable 
fit; Standardized Root Mean Square Residual (SRMR) less than 0.08 indicates is an acceptable fit.

Default settings in the CFA model are as follows: (i) the factorial saturation of the first variable of each factor 
is set to 1, (ii) covariances between residuals are set to 0, (iii) factor variances are estimated, (iv) covariances 
among the exogenous variables are estimated and the estimation method is maximum likelihood mean adjusted 
(MLM). MLM was used since it is robust regarding not normal data distribution.

Further model revisions based on modification indices were computed. CFA with 106 participants was 
conducted for the 6 factors, with no missing values. The Italian version has the same structure as the Eng-
lish one, and the first model (FULL model) is a reproduction of it. The full CFA model yielded ambiguous 
results: χ2(362) = 687.532, p < 0.001; RMSEA = 0.092, 90% CI = 0.082 0.103, p < 0.001; CFI = 0.899; TLI = 0.887; 
SRMR = 0.081). The model has fitness issues; however, the standardized betas are still high. The modification 
indexes suggested the need to force some correlations between some items, which were implemented one at 
a time in three successive models, with the last one being the best for fitness and beta standardized. Here we 
present the fitness indexes in the four models (full model, “M1” model with correlation between items 27–28, 
“M2” model with correlation between item 27–28 and 24–22, “M3” model with correlation between items 27–28, 
24–22 and 14–12, “M4” model with correlation between items 27–28, 24–22, 14–12 and 25–21). See Table 3. For 
CFA summary of results. When we assumed that the factors correlated, the confirmatory structure was adequate.

We computed correlations between “Awe” factor of DPES and all AWE-S subscales. The Awe DPES factor 
showed medium significant correlations with some AWE-S dimensions [Time (r = 0.216; p < 0.01); Self-Loss 
(r =− 0.194; p < 0.01); Connection (r = 0.262; p < 0.01)], but not with others [Vastness (r = 0.150; p > 0.05); Physical 
sensations (r = 0.092; p > 0.05); Need for accommodation (r = 0.137; p > 0.05)].

We also computed Pearson’s correlations between ITC-SOPI sense of presence inventory dimensions (Sense 
of Physical Space, Engagement, Ecological Validity, Negative Effects) and AWE-S subscales. Ecological Validity 
showed negative significant correlations with three AWE-S subscales, namely, Time (r = − 0.223; p < 0.05), Con-
nectedness, (r = − 0.254; p < 0.01), Physical Sensations (r = − 191; p < 0.05).

Internal consistency for each factor computed as Cronbach Alpha coefficient was high: Time (α = 0.956); 
Self-loss (α = 0.970); Connectedness (α = 0.960); Vastness (α = 0.955); Physical Sensations (α = 0.891); Need for 
Accommodation (α = 0.890). Finally, we computed internal correlations among AWE-S factors (see Table 4).

Table 3.   CFA summary of results. N = 106; in bold the final best model.

AIC BIC SRMR RMSEA CFI TLI

Full model 8862.7 9134.4 0.081 0.092 0.899 0.887

M1 8787.1 9061.4 0.057 0.083 0.919 0.909

M2 8683.7 8960.7 0.062 0.067 0.947 0.94

M3 8666.8 8946.4 0.061 0.064 0.952 0.946

M4 8649.8 9134.4 0.057 0.061 0.957 0.951

Table 4.   Pearson’s correlations among AWE-S factors. *p < 0.05, **p < 0.01, ***p < 0.001.

Time Self-loss Connection Vastness Physical sensations Need for accommodation

Time –

Self-loss 0.664*** –

Connection 0.503*** 0.443*** –

Vastness 0.503*** 0.568*** 0.69*** –

Physical sensations 0.345*** 0.371*** 0.602*** 0.638*** –

Need for accommodation 0.422*** 0.416*** 0.199* 0.263** 0.235* –
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Discussion
The AWE-S was translated from English to Italian. The latent structure of the AWE-S was examined in two stud-
ies: first, from autobiographically eliciting awe, and then from an awe-inspiring virtual reality experience. In addi-
tion to providing a translation, a major purpose of these studies was to determine differences in the experience 
of awe when compared to two different approaches to eliciting emotions. After a preliminary validation study 
was conducted in Italian, the resulting translation was tested in the context of a virtual reality study. The overall 
structure of the original English AWE-S was replicated in Italian, both in the context of an autobiographical 
recall experience of awe and as part of a standardized elicitation of awe using virtual reality.

Specifically, a robust 6-factor structure for the Awe Experience Scale (AWE-S), as a state measure of awe that 
was validated and used in English-speaking countries, held in an Italian context both during an autobiographical 
recall study (Study 1), as well as in a VR study (Study 2). In Study 1, an EFA on 30 original items administered 
to online participants (n = 350), revealed a 6-factor structure. Only one item (29 item) was dropped due to 
extremely low communality, and it did not load on any factor. The 6-factor structure held, with good reliability 
for each factor.

In Study 2, the novel 29- item AWE-S Italian scale was administered to participants (n = 106) by inviting 
participants to navigate two virtual reality awe-inspiring scenarios, already validated in a previous study56. CFA 
confirmed a robust fit of the 6-factor model. In general, a 6-factor solution with high internal reliability was 
found both in Study 1 and in Study 2. In Study 1, to compute convergent, divergent, and construct validity, the 
Italian AWE-S was compared with two trait measures, i.e., the Italian DPES, the Italian version of the ERQ, and 
one state-measure of affect, i.e., the PANAS.

At the trait level, the DPES is a dispositional measure of one’s proneness to live a number of different posi-
tive emotions and it was the only available Italian validated scale directly measuring awe, although it taps into 
a trait level of awe. In study 1, Time, Connection and Physical Sensations dimensions of AWE-S significantly 
and positively correlated with the Dispositional Awe subscale of DPES, thus, partially supporting a convergent 
validity with the trait Italian awe measure during the autobiographical recall. However, in study 2 with VR, a 
significant negative correlation between DPES Awe subscale and Self-loss and a significant positive correlation 
between DPES Awe subscale and Time together with Connection emerged, while the positive significant correla-
tion with Physical Sensations (AWE-S dimension) was lost. On the other hand, Self-loss featured a significantly 
negative correlation with dispositional Awe only during the VR training, and not while recalling the experi-
ence. Moreover, the physical sensations dimension was strongly correlated with DPES Awe subscale during 
autobiographical recall but not in VR exposure, thus suggesting that the body can play a different role during 
a standardized exposure in simulated environments, maybe, also able to overcome individual differences. At 
the same time, Vastness was also not found to be associated with the trait measure of awe. Dimensions of Time 
and Connectedness, usually belonging to self-transcendence domain, preserved positive correlations with the 
dispositional measure of awe both in autobiographical recall and in VR. Moreover, correlations between another 
trait measure, the ERQ, and AWE-S dimensions during autobiographical recall (Study 1) were significant and 
positive for Time, Connection and Vastness, which can suggest the need for an increased cognitive processing of 
the original elicitor. While suppression—i.e., the other emotion regulation strategy—showed significant positive 
correlations with Self-loss and Need for accommodation dimensions. This might be due to the intensity of the 
emotional experience, which turned into a cognitively high demanding phenomenon both at the level of self-
perception, as well as in terms of the overall experience. Indeed, it was showed that situational induction of awe 
were related with greater uncertainty85, and, actually, awe can make what is unknown or uncertain salient and 
potentially approachable86. However, it should be still deepened how this mechanism works in terms of emotion 
regulation in autobiographically recalled situational awe. For instance, a previous study showed that benefits from 
awe-inspiring videos and dispositional awe in terms of wellbeing during awaiting periods, were not significantly 
higher than those obtained from being exposed to general positive videos87.

While these convergent relationships were quite low, this might be expected when comparing a trait measure 
with a state measure. In some studies, for example, dispositional awe has been found to play a significant role in 
shaping specific prototypical experiences of awe88, but in others this relationship was not observed89. Conversely, 
since autobiographical recall depends on individuals’ specific memory recall abilities90, it might be related to 
individual ability to experiencing awe. Individuals do not construct memories of past and future events in iso-
lation from other aspects of their lives, as autobiographical memory refers to our personal self-narrative and 
the broader significance of events in relation to our overall lives90. Thus, another hidden factor that might be 
assumed to play a role in awe elicited by autobiographical recall (vs. VR) can be the personal relevance associated 
to the elicitor itself.

At the state level, regarding PANAS dimensions of Positive and Negative Affect some significant correlations 
with AWE-S dimensions were found. Again, Self-loss positively correlated with Negative Affect, thus confirm-
ing the negative nuance associated with this AWE-S dimension, as it has already emerged for the Suppression 
factor for ERQ. Specifically, For the ERQ factors, this study 1 found that Reappraisal correlated positively with 
almost all dimensions of AWE-S, as did Suppression, with “Need for Accommodation” and “Small Self ” dimen-
sions, suggesting that this experience is not simply a positive or negative emotion, rather both sides of valence 
emerged to be embedded in it.

Consistently, regarding DPES, significant negative correlations between Self loss and Happiness and Pride 
factors emerged. Conversely, Negative Affect significantly and negatively correlated with Connection and Vast-
ness, as the possible positive counterparts of the Self-loss dimension. These results could suggest that some 
dimensions of awe experience pertain more to the negative side of awe, while others to the positive ones, thus 
bringing forth the mixed nature of this emotion7,43. Future studies may additionally consider state qualities 
that fall between the purely cognitive and affective elements, such as mental flexibility91,92. Indeed, a nonlinear 
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combination of cognitive and affective factors may have an impact on an experience as complex as awe. Our 
ability to operate adaptively and variably in response to environmental pressures, or mental flexibility, may have 
an impact on how we experience awe. For instance, extremely rigid people might not be able to comprehend the 
various dimensions of the concept of awe.

In terms of the specific factors of awe in the AWE-S, the original English structure of the scale held both 
for Autobiographical recall as well as for VR induction, but with some peculiarities. The original English item 
29, tapping into the need for accommodation dimension was dropped to low communality and since it did not 
load in any factor. This is not surprising since this dimension has always been difficult to operationalize74. Going 
forward, novel studies exploring the role of expectation violation and exceed expectations93 could be used to 
inform the definition of this construct.

Finally, concerning the link between sense of presence and each dimension of AWE-S, it is noteworthy 
that only three significant negative correlations were found. Specifically, the more the VR scenario resembled 
an equivalent real one, the less participants experience a sense of time distortion, connectedness and physical 
sensations usually associated with a typical awe experience. It might be that participants’ awe experience in 
a non-immersive environment—compared to an immersive an interactive one90—was mainly driven by the 
paradoxicality of the VR scenarios, which featured the view of the Earth from outside its atmosphere94 and an 
enchanted forest. Magic is usually associated with awe95, although no systematic analysis of their link has been 
conducted so far.

Finally, regarding awe elicitors (Study 1), different types of natural stimuli still emerged amongst the most 
frequent triggers of awe as in23, while also conceptual inductors were curiously frequently reported. Specifically, 
in this sample, conceptual elicitors, also including moments of “introspection” resulted in higher occurrence. 
Even more unusually, social elicitors – especially, in close relationships—clearly emerged as amongst awe’s trig-
gers in this sample of the Italian population. These discoveries can advance cross-cultural and ecological inquiry 
on awe’s elicitors.

Limitations and future directions
This study has several limitations. First, the Italian translation of the specific term “awe” by consultation among 
experts gave rise to a periphrasis in which a noun and an adjective were combined (it. profonda meraviglia)70 
and a description of the characteristics of this experience was provided to participants in the autobiographical 
recall study, to replicate the exact instructions of the original English scale23. As mentioned in Study 2, upon 
assumption that the Italian Study 1 structure of AWE-S, with the original autobiographical instructions would 
also be found in study 2 with a standardized induction of awe (the same stimuli for all participants, not accom-
panied with a description of awe experience), we would have made a first promising step toward elucidating 
the semantic domain of this emotion. In fact, the AWE-S does not explicitly mention the word "awe", therefore, 
participants in study 2 could not anchor any hints when answering the questionnaire. Both studies confirmed 
the model’s suitability.

Another limitation derived from the current lack of a validated state measure of awe in the Italian research 
literature that would allow us to better establish convergent and divergent validity. A Dispositional measure of 
awe has been validated and it was included here, but some studies have shown that awe can act differently at 
the trait and at the state level. Moreover, there was a gender imbalance within our samples, with more female 
respondents than male respondents. The potential impact of this variable on the experience of awe should be 
examined in future studies.

Furthermore, to deepen the analysis of the potential of autobiographical recall and VR on awe elicitation, it 
would be useful to also include a measurement of sense of presence. We assessed the sense of presence in the 
simulated environments of the VR-based awe-inspiring training, but we did not consider this variable in relation 
to participants’ ability to simulate past memories in a vivid way.

In conclusion, awe has been conceptualized in a variety of ways (despite being interrelated). As a result, even 
though Keltner and Haidt’s conceptualization of awe has received significant attention, especially in experimental 
research, future studies should consider different operationalization or definitions of this emotion (e.g.,23,24,28), 
including those from other disciplines, such as philosophy (e.g.,24,96,97).

Conclusions
This series of studies showed a high degree of overlap between the overall experience of awe through the classical 
autobiographical recall technique as well as a more standardized induction of this emotion using VR. The global 
structure of the experience held in both situations but potentially cultural variations at the state and at the trait 
level were observed, thus suggesting to deepening the analysis of how this experience unfolds in non-English 
speaking countries and how it is associated to the tendency to live such experience. Specifically, this scale can be 
further used to unveil dimensions of awe possibly responsible for its negative and positive nuances. Despite the 
fact that the 6-factor model held for both emotion-elicitation techniques, more work is needed to investigate the 
lexical aspects of awe in non-English speaking countries.

Data availability
The datasets used and/or analyzed during the current study can be made available from the corresponding 
author on reasonable request.

Received: 25 June 2023; Accepted: 20 May 2024



12

Vol:.(1234567890)

Scientific Reports |        (2024) 14:12474  | https://doi.org/10.1038/s41598-024-62654-3

www.nature.com/scientificreports/

References
	 1.	 Keltner, D. & Haidt, J. Approaching awe, a moral, spiritual, and aesthetic emotion. Cogn. Emot. 17, 297–314 (2003).
	 2.	 Chirico, A. in The Palgrave Encyclopedia of the Possible 1–9 (Springer International Publishing, 2020).
	 3.	 Graziosi, M. & Yaden, D. Interpersonal awe: Exploring the social domain of awe elicitors. J. Posit. Psychol. 16, 1–9 (2019).
	 4.	 Clewis, R. R., Yaden, D. B. & Chirico, A. Intersections between awe and the sublime: A preliminary empirical study. Emp. Stud. 

Arts https://​doi.​org/​10.​1177/​02762​37421​994694 (2021).
	 5.	 Chaudhury, S. H., Garg, N. & Jiang, Z. The curious case of threat-awe: A theoretical and empirical reconceptualization. Emotion 

22, 1653 (2021).
	 6.	 Gallagher, S., Janz, B., Reinerman, L., Bockelman, P. & Trempler, J. A Neurophenomenology of awe and wonder: Towards a non-

reductionist cognitive science. (Palgrave Macmillan, 2015).
	 7.	 Nelson-Coffey, S. K. et al. The proximal experience of awe. PLoS ONE 14, e0216780. https://​doi.​org/​10.​1371/​journ​al.​pone.​02167​

80 (2019).
	 8.	 Guan, F., Chen, J., Chen, O., Liu, L. & Zha, Y. Awe and prosocial tendency. Curr. Psychol. 38, 1–9 (2019).
	 9.	 Guan, F., Xiang, Y., Chen, O., Wang, W. & Chen, J. Neural basis of dispositional awe. Front. Behav. Neurosci. 12, 209 (2018).
	10.	 Takano, R. & Nomura, M. Neural representations of awe: Distinguishing common and distinct neural mechanisms. Emotion 22, 

669 (2020).
	11.	 Monroy, M. & Keltner, D. Awe as a pathway to mental and physical health. Perspect. Psychol. Sci. 18, 309. https://​doi.​org/​10.​1177/​

17456​91622​10948​56 (2022).
	12.	 Chirico, A. & Gaggioli, A. The potential role of awe for depression: Reassembling the puzzle. Front. Psychol. 12, 1191 (2021).
	13.	 Rudd, M., Vohs, K. D. & Aaker, J. Awe expands people’s perception of time, alters decision making, and enhances well-being. 

Psychol. Sci. 23, 1130–1136 (2012).
	14.	 Piff, P. K., Dietze, P., Feinberg, M., Stancato, D. M. & Keltner, D. Awe, the small self, and prosocial behavior. J. Personal. Soc. Psychol. 

108, 883 (2015).
	15.	 Chirico, A., & Gaggioli, A. Virtual reality for awe and imagination. In Virtual Reality in Behavioral Neuroscience: New Insights and 

Methods. 233–254 (Cham: Springer International Publishing, 2023).
	16.	 Guan, F. et al. The neural correlate difference between positive and negative awe. Front. Human Neurosci. 13, 206 (2019).
	17.	 Perlin, J. D. & Li, L. Why does awe have prosocial effects? New perspectives on awe and the small self. Perspect. Psychol. Sci. https://​

doi.​org/​10.​1177/​17456​91619​886006 (2020).
	18.	 Stamkou, E., Brummelman, E., Dunham, R., Nikolic, M. & Keltner, D. Awe sparks prosociality in children. Psychol. Sci. https://​

doi.​org/​10.​1177/​09567​97622​11506​16 (2023).
	19.	 Yang, Y., Hu, J., Jing, F. & Nguyen, B. From awe to ecological behavior: The mediating role of connectedness to nature. Sustainability 

10, 2477 (2018).
	20.	 Richardson, M. et al. The green care code: How nature connectedness and simple activities help explain pro-nature conservation 

behaviours. People Nat. 2, 821–839 (2020).
	21.	 Bai, Y. et al. Awe, the diminished self, and collective engagement: Universals and cultural variations in the small self. J. Personal. 

Soc. Psychol. 113, 185 (2017).
	22.	 Jacobs, T. P. & McConnell, A. R. Self-transcendent emotion dispositions: Greater connections with nature and more sustainable 

behavior. J. Environ. Psychol. 81, 101797 (2022).
	23.	 Bethelmy, L. C. & Corraliza, J. A. Transcendence and sublime experience in nature: Awe and inspiring energy. Front. Psychol. 10, 

509 (2019).
	24.	 Kristjánsson, K. Awe: an Aristotelian analysis of a non-Aristotelian virtuous emotion. Philosophia 45, 125–142 (2017).
	25.	 Bonner, E. & Friedman, H. A conceptual clarification of the experience of awe: An interpretative phenomenological analysis. 

Humanistic Psychol. 39, 222–235 (2011).
	26.	 Stellar, J. E. et al. Self-transcendent emotions and their social functions: Compassion, gratitude, and awe bind us to others through 

prosociality. Emot. Rev. https://​doi.​org/​10.​1177/​17540​73916​684557 (2017).
	27.	 Lucht, A. & van Schie, H. T. The evolutionary function of awe: a review and integrated model of seven theoretical perspectives. 

Emot. Rev. https://​doi.​org/​10.​1177/​17540​73923​11971​99 (2023).
	28.	 Krenzer, W. L., Krogh-Jespersen, S., Greenslit, J., Price, C. A., & Quinn, K. A. Assessing the experience of awe: Validating the Situ-

ational Awe Scale (Doctoral dissertation, DePaul University, 2018).
	29.	 Pérez, K. A., Lench, H. C., Thompson, C. G. & North, S. Experimental elicitations of awe: a meta-analysis. Cogn. Emot. 37, 18–33 

(2023).
	30.	 Dai, Y. & Jiang, T. Inspired by awe: Awe promotes inspiration via self-transcendence. J. Posit. Psychol., 1–15 (2023).
	31.	 Jiang, T. & Sedikides, C. Awe motivates authentic-self pursuit via self-transcendence: Implications for prosociality. J. Personal. Soc. 

Psychol. 123, 576 (2022).
	32.	 Li, J.-J., Dou, K., Wang, Y.-J. & Nie, Y.-G. Why awe promotes prosocial behaviors? The mediating effects of future time perspective 

and self-transcendence meaning of life. Front. Psychol. 10, 1140 (2019).
	33.	 Yaden, D. B. et al. The development of the awe experience scale (AWE-S): A multifactorial measure for a complex emotion. J. Posit. 

Psychol. 14, 1–15 (2018).
	34.	 Takano, R., Matsuo, A. & Kawano, K. Development of a Japanese version of the awe experience scale (AWE-S): A structural topic 

modeling approach. F1000Research 12, 515 (2023).
	35.	 Scherer, K. Profiles of emotion-antecedent appraisal: Testing theoretical predictions across cultures. Cogn. Emot. 11, 113–150 

(1997).
	36.	 Matsumoto, D. & Kupperbusch, C. Idiocentric and allocentric differences in emotional expression, experience, and the coherence 

between expression and experience. Asian J. Soc. Psychol. 4, 113–131 (2001).
	37.	 Deák, A., Csenki, L. & Révész, G. Hungarian ratings for the international affective picture system (IAPS): A cross-cultural com-

parison. Emp. Text Cult. Res. 4, 90–101 (2010).
	38.	 Basabe, N. et al. Cultural dimensions, socioeconomic development, climate, and emotional hedonic level. Cogn. Emot. 16, 103–125 

(2002).
	39.	 Van Goozen, S. & Frijda, N. H. Emotion words used in six European countries. Eur. J. Soc. Psychol. 23, 89–95 (1993).
	40.	 Padua, V. Z. IV. Concepts of emotion:" Emotionness", and dimensional ratings of Italian emotion words. Cogn. Emot. 12, 243–272 

(1998).
	41.	 Arcangeli, M., Sperduti, M., Jacquot, A., Piolino, P. & Dokic, J. Awe and the experience of the sublime: A complex relationship. 

Front. Psychol. 11, 1340 (2020).
	42.	 Clewis, R. R. Why the sublime is aesthetic awe. J. Aesthet. Art Crit. 79, 301–314 (2021).
	43.	 Chaudhury, S. H., Garg, N. & Jiang, Z. The curious case of threat-awe: A theoretical and empirical reconceptualization. Emotion 

22, 1653 (2022).
	44.	 Chirico, A. & Yaden, D. B. in The Function of Emotions (ed Lench H.) (Springer: Cham, 2018).
	45.	 Shiota, M. N., Keltner, D. & Mossman, A. The nature of awe: Elicitors, appraisals, and effects on self-concept. Cogn. Emot. 21, 

944–963 (2007).
	46.	 Keltner, D. Awe: the new science of everyday wonder and how it can transform your life. (Penguin, 2023).

https://doi.org/10.1177/0276237421994694
https://doi.org/10.1371/journal.pone.0216780
https://doi.org/10.1371/journal.pone.0216780
https://doi.org/10.1177/17456916221094856
https://doi.org/10.1177/17456916221094856
https://doi.org/10.1177/1745691619886006
https://doi.org/10.1177/1745691619886006
https://doi.org/10.1177/09567976221150616
https://doi.org/10.1177/09567976221150616
https://doi.org/10.1177/1754073916684557
https://doi.org/10.1177/17540739231197199


13

Vol.:(0123456789)

Scientific Reports |        (2024) 14:12474  | https://doi.org/10.1038/s41598-024-62654-3

www.nature.com/scientificreports/

	47.	 Cowen, A., Sauter, D., Tracy, J. L. & Keltner, D. Mapping the passions: Toward a high-dimensional taxonomy of emotional experi-
ence and expression. Psychol. Sci. Public Interes. 20, 69–90 (2019).

	48.	 Cowen, A. S. et al. Sixteen facial expressions occur in similar contexts worldwide. Nature 589, 251–257 (2021).
	49.	 Chirico, A. et al. Defining transformative experiences: A conceptual analysis. Front. Psychol. 13, 790300 (2022).
	50.	 Chirico, A. & Gaggioli, A. Awe: “More than a feeling”. Humanist. Psychol. 46, 274–280. https://​doi.​org/​10.​1037/​hum00​00098 (2018).
	51.	 Schneider, K. The resurgence of awe in psychology: Promise, hope, and perils. Humanist. Psychol. 45, 103 (2017).
	52.	 Schneider, K. J. Awakening to awe: Personal stories of profound transformation. (Jason Aronson, 2009).
	53.	 Cuzzolino, M. P. “The Awe is In the Process”: The nature and impact of professional scientists’ experiences of awe. Sci. Edu. 105, 

4 (2021).
	54.	 Reinerman-Jones, L., Sollins, B., Gallagher, S. & Janz, B. Neurophenomenology: an integrated approach to exploring awe and 

wonder1. S. Afr. J. Philos. 32, 295–309 (2013).
	55.	 Chirico, A., Ferrise, F., Cordella, L. & Gaggioli, A. Designing awe in virtual reality: An experimental study. Front. Psychol. https://​

doi.​org/​10.​3389/​fpsyg.​2017.​02351 (2018).
	56.	 Pizzolante, M. et al. Awe in the metaverse: Designing and validating a novel online virtual-reality awe-inspiring training. Comput. 

Human Behav. 148, 107876 (2023).
	57.	 Quesnel, D. & Riecke, B. E. in 3D User Interfaces (3DUI), 2017 IEEE Symposium on. 205–206 (IEEE).
	58.	 Quesnel, D. & Riecke, B. E. Are you awed yet? How virtual reality gives us awe and goose bumps. Front. Psychol. 9, 2158 (2018).
	59.	 Kitson, A., Chirico, A., Gaggioli, A. & Riecke, B. E. A review on research and evaluation methods for investigating self-transcend-

ence. Front. Psychol. https://​doi.​org/​10.​3389/​fpsyg.​2020.​547687 (2020).
	60.	 Chirico, A. et al. Effectiveness of immersive videos in inducing awe: An experimental study. Sci. Rep. 7, 1–11 (2017).
	61.	 Shiota MN, Thrash TM, Danvers AF, Dombrowski JT. Transcending the self: Awe, elevation, and inspiration. In Tugade MM, Shiota 

MN, Kirby LD, editors. Handbook of positive emotions. 362–77 (New York: Guilford Press, 2014).
	62.	 Zhao, H., Zhang, H., Xu, Y., He, W. & Lu, J. Why are people high in dispositional awe happier? The roles of meaning in life and 

materialism. Front. Psychol. 10, 1208 (2019).
	63.	 Luo, L., Mao, J., Gao, W. & Yuan, J. Psychological research of awe: Definition, functions, and application in psychotherapy. Stress 

Brain 1, 59–75 (2021).
	64.	 Powell, R. B., Brownlee, M. T., Kellert, S. R. & Ham, S. H. From awe to satisfaction: Immediate affective responses to the Antarctic 

tourism experience. Polar Record 48, 145–156 (2012).
	65.	 Schneider, K. Awakening to awe: Personal stories of profound transformation., (Jason Aronson., 2009).
	66.	 Kitson, A., Prpa, M. & Riecke, B. E. Immersive interactive technologies for positive change: A scoping review and design consid-

erations. Front. Psychol. 9, 370199 (2018).
	67.	 Chirico, A., Yaden, D., Riva, G. & Gaggioli, A. The potential of virtual reality for the investigation of awe. Front. Psychol. 7, 223153. 

https://​doi.​org/​10.​3389/​fpsyg.​2016.​01766 (2016).
	68.	 Ellard, K. K., Farchione, T. J. & Barlow, D. H. Relative effectiveness of emotion induction procedures and the role of personal 

relevance in a clinical sample: A comparison of film, images, and music. J. Psychopathol. Behav. Assess. 34, 232–243 (2012).
	69.	 Borsa, J. C., Damásio, B. F. & Bandeira, D. R. Cross-cultural adaptation and validation of psychological instruments: Some con-

siderations. Paidéia (Ribeirão Preto) 22, 423–432 (2012).
	70.	 Chirico, A. & Gaggioli, A. La profonda meraviglia: la psicologia dei momenti di eternità. (San Paolo, 2021).
	71.	 Shiota, M. N., Keltner, D. & John, O. P. Positive emotion dispositions differentially associated with big five personality and attach-

ment style. J. Posit. Psychol. 1, 61–71 (2006).
	72.	 Shiota, M. N. et al. Beyond happiness: Building a science of discrete positive emotions. Am. Psychol. 72, 617 (2017).
	73.	 Saroglou, V., Buxant, C. & Tilquin, J. Positive emotions as leading to religion and spirituality. J. Posit. Psychol. 3, 165–173 (2008).
	74.	 Chirico, A., Shiota, M. N. & Gaggioli, A. Positive emotion dispositions and emotion regulation in the Italian population. Plos one 

16, e0245545 (2021).
	75.	 Gross, J. J. & John, O. P. Individual differences in two emotion regulation processes: Implications for affect, relationships, and 

well-being. J. Personal. Soc. Psychol. 85, 348 (2003).
	76.	 Balzarotti, S., John, O. P. & Gross, J. J. An Italian adaptation of the emotion regulation questionnaire. Eur. J. Psychol. Assess. (2010).
	77.	 Severin, M. I. et al. A qualitative study on emotions experienced at the coast and their influence on well-being. Front. Psychol. 13, 

902122 (2022).
	78.	 Finlay, J., Franke, T., McKay, H. & Sims-Gould, J. Therapeutic landscapes and wellbeing in later life: Impacts of blue and green 

spaces for older adults. Health Place 34, 97–106 (2015).
	79.	 Korpela, K., Borodulin, K., Neuvonen, M., Paronen, O. & Tyrväinen, L. Analyzing the mediators between nature-based outdoor 

recreation and emotional well-being. J. Environ. Psychol. 37, 1–7 (2014).
	80.	 Smalley, A. J. & White, M. P. Beyond blue-sky thinking: Diurnal patterns and ephemeral meteorological phenomena impact 

appraisals of beauty, awe, and value in urban and natural landscapes. J. Environ. Psychol. 86, 101955 (2023).
	81.	 Yin, J., Bratman, G. N., Browning, M. H., Spengler, J. D. & Olvera-Alvarez, H. A. Stress recovery from virtual exposure to a brown 

(desert) environment versus a green environment. J. Environ. Psychol. 81, 101775 (2022).
	82.	 Gorini, A., Griez, E., Petrova, A. & Riva, G. Assessment of the emotional responses produced by exposure to real food, virtual food 

and photographs of food in patients affected by eating disorders. Ann. Gen. Psychiatry 9, 1–10 (2010).
	83.	 Schreiber, J. B., Nora, A., Stage, F. K., Barlow, E. A. & King, J. Reporting structural equation modeling and confirmatory factor 

analysis results: A review. J. Edu. Res. 99, 323–338 (2006).
	84.	 Maydeu-Olivares, A. Maximum likelihood estimation of structural equation models for continuous data: Standard errors and 

goodness of fit. Struct. Equ. Model. A Multidiscip. J. 24, 383–394 (2017).
	85.	 Valdesolo, P. & Graham, J. Awe, uncertainty, and agency detection. Psychol. Sci. 25, 844–844 (2014).
	86.	 Richesin, M. T. & Baldwin, D. R. How awe shaped us: An evolutionary perspective. Emot. Rev. 15, 17–27 (2023).
	87.	 Rankin, K., Andrews, S. E. & Sweeny, K. Awe-full uncertainty: Easing discomfort during waiting periods. J. Posit. Psychol. 15, 

338–347 (2020).
	88.	 van Limpt-Broers, H., Louwerse, M. M. & Postma, M. in CogSci.
	89.	 Chirico, A., Robert, R. C., David, B. Y. & Gaggioli, A. Nature versus art as elicitors of the sublime: A virtual reality study. PLoS One 

16, e0233628 (2021).
	90.	 Rubin, D. C. The ability to recall scenes is a stable individual difference: Evidence from autobiographical remembering. Cognition 

197, 104164 (2020).
	91.	 Cipresso, P., Borghesi, F. & Chirico, A. Affects affect affects: A Markov Chain. Front. Psychol. 14, 1162655 (2023).
	92.	 Borghesi, F., Chirico, A. & Cipresso, P. Outlining a novel psychometric model of mental flexibility and affect dynamics. Front. 

Psychol. 14, 1183316 (2023).
	93.	 Gocłowska, M. A. et al. Awe arises in reaction to exceeded rather than disconfirmed expectancies. Emotion 23, 15 (2021).
	94.	 Yaden, D. B. et al. The overview effect: Awe and self-transcendent experience in space flight. Psychol. Conscious. Theory Res. Pract. 

3, 1 (2016).
	95.	 Silvia, P. J., Greengross, G., Karwowski, M., Rodriguez, R. M. & Crasson, S. J. Who hates magic? Exploring the loathing of leger-

demain. Psychology of Aesthetics, Creativity, and the Arts (2022).
	96.	 Clewis, R. R.  The Sublime Reader (Bloomsbury Academic, 2019).

https://doi.org/10.1037/hum0000098
https://doi.org/10.3389/fpsyg.2017.02351
https://doi.org/10.3389/fpsyg.2017.02351
https://doi.org/10.3389/fpsyg.2020.547687
https://doi.org/10.3389/fpsyg.2016.01766


14

Vol:.(1234567890)

Scientific Reports |        (2024) 14:12474  | https://doi.org/10.1038/s41598-024-62654-3

www.nature.com/scientificreports/

	97.	 Clewis, R. R. in The Sublime Reader Ch. 37, 341–406 (Bloomsbury Academic, 2018).

Author contributions
A.C.: Conceptualization, Methodology, Investigation, Formal analysis, Writing—original draft, Writing—review 
& editing, Funding acquisition. F.B.: Data curation, Formal analysis, Writing—original draft, Writing—review 
& editing. D.Y.: review & editing. E.D.S.: Writing—review & editing. M.P.: Investigation, Formal analysis, Writ-
ing—original draft, Writing—review & editing. P.C.: Conceptualization, Writing—review & editing, Supervision. 
A.G.: Supervision.

Funding
This work was supported by Italian Ministry of Health—Ricerca Corrente; the Ministry of University and 
Research (MUR), formerly Ministry of Education, University and Research (MIUR) within a project funded by 
“Education and research for recovery—REACT-EU”, included in the NOP Research and Innovation 2014–2020,  
by PON R&I 2014-2020 (FSE REACT-EU); and by the grant PRIN 2022NWRENN - E-MOTIONS funded by the 
Italian Ministry of Research. This study was partly supported by the BIAL Foundation (SUBRAIN project ’The 
origin of the sublime power in the brain: an integrated EEG-TMS study’, Grant n° 288/20 to AC).

Competing interests 
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to F.B.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access   This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give 
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and 
indicate if changes were made. The images or other third party material in this article are included in the article’s 
Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included 
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or 
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy 
of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

© The Author(s) 2024, corrected publication 2024

www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Unveiling the underlying structure of awe in virtual reality and in autobiographical recall: an exploratory study
	Study 1
	Materials and method
	Participants
	Measures
	Italian version of the awe experience scale (AWE-S). 
	Italian validated version of the positive and negative affect scale (PANAS). 
	Italian validated version of the dispositional positive emotions scale (DPES). 
	Italian version of emotion regulation questionnaire (ERQ). 

	Procedure


	Results
	Data analyses
	Preliminary data analysis
	Exploratory factor analysis
	Concurrent validity
	Awe triggers

	Study 2
	Participants
	Measures
	Italian version of the awe experience scale (AWE-S)
	Italian validated version of the dispositional positive emotions scale (DPES)—awe subscale.
	ITC-SOPI sense of presence inventory

	Procedure

	Results
	Preliminary data analyses

	Discussion
	Limitations and future directions
	Conclusions
	References


