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Abstract: This paper explores the recent advances in research concerning the impact of immersive virtual environments affordances on the
expression of users’ creativity at individual and team levels. While the top virtual reality (VR) application areas are entertainment and gaming,
simulation and training for professionals, research in the domain of the psychology of creativity and VR is advancing rapidly in Europe. Indeed,
between 2014 and 2021, 72% of publications in this domain resulted from European research in diverse fields such as engineering, design,
music composition, art-making, and so forth. These studies took advantage of advanced VR affordances, such as head and hand motion
trackers to synchronize an avatar in real-time, live streaming of a video into a VR headset screen to create artwork, etc. Four main topics were
explored: (a) new creativity techniques involving a virtual upgrade of traditionally used techniques, virtual sketching and prototyping, as well as
sophisticated interactive virtual menus and motion tracking systems, (b) the right digital self-representation for enhancing creativity and the
degree to which users identify with the “persona avatar” in the context of user-centered innovations, (c) the impact of physical and social
virtual contextual cues on creative performance, and (d) the perception of virtual reality by creativity and innovation professionals. Our review
confirms that VR supports greater creative performance at individual and collaborative levels as well as enjoyment and fun. However, as rich
and varied as this literature has become, it presents major methodological limitations that should be addressed in future research.

Keywords: immersive virtual environments, users-centered creative design, virtual creativity techniques, persona avatars, self-perception

Although it has been claimed that “creativity is intelligence
having fun” (Scialabba, 1984), for most people, opportuni-
ties for fun and creativity, especially in their workplace,
appear rather limited. Initial work on features of physical
work environments that foster creativity has recently led
to an interest in the potential of virtual environments for
the same purpose. Early research on virtual reality (VR)
and creativity suggests that VR environments could be con-
ducive to individual and collaborative creativity through fun
co-creation experience, role-play, empathy, immersion,
anonymity, flow, enjoyment, and so forth. (Gül & Maher,
2009; Kohler et al., 2011; Uribe Larach & Cabra, 2010,

Ward & Sonneborn, 2011). Virtual reality, which is among
the technologies that define the 21st century, can support
creativity in three ways (Burkhardt & Lubart, 2010): (a) to
help people develop skills related to creativity or creative
thinking; (b) to support people’s creative process and per-
formance while engaging in a creative task; and (c) to
engage people in new kinds of experiences.

The development of high-quality VR technology and
the recently reduced cost of VR headsets have given
rise to multiple applications. While the most popular VR
application areas in Europe are entertainment and gaming,
simulation and training for professional and industrial use,
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healthcare, real estate, and architecture (Bezegová et al.,
2018, p. 26), research in the domain of the psychology of
creativity and VR is gaining pace among European
academics. Seven years ago, a systematic literature review
was conducted using keywords search strings such as
“virtual world” AND “creativity”; “virtual environment”
AND “creativity”; and “virtual world” AND “innovation”
(Alahuhta et al., 2014, p. 4). The authors found 47 relevant
articles between 2000 and 2013. Their analysis identified
8 VR affordances based on their potential ability to enhance
team creativity in virtual worlds: (a) avatars as graphic self-
representations; (b) changing the frame of reference (i.e.,
enabling individuals to change their environment through
avatars, roles, or surroundings); (c) co-presence (i.e. sense
of presence with other avatars in the same place);
(d) immersion (the impression that one is participating in
a realistic experience); (e) multimodality (the ability to com-
bine different media); (f) rich visual information (e.g.,
models, drawings, objects, and data); (g) simulation capabil-
ities (tools allowing interacting teams to model new arti-
facts and create objects that are impossible in real life);
and (h) supporting tools for creative work (integrated tools
and features, such as AI and artificial agents, that support
the creative task at hand).

Building on this research, this paper aims to explore
recent advances in European academic research concern-
ing the expression of users’ creativity in multi-user virtual
environments (MUVEs). MUVEs are digital spaces shared
by multiple users where interaction with objects and users
is performed through computer-generated representations
of self, others, and the environment. These symbolic repre-
sentations are crucial elements that can be classified as
(Kadri et al., 2007): (a) virtual objects without symbolic
meaning (e.g., arrow, sphere, line, triangle); (b) specific
tools representing functions (e.g., scissors, eraser, paint-
brush, hammer); (c) body parts (e.g., eyes, hands, fingers);
(d) full-body representation (often called “avatar”). A wide
variety of appearances can be generated from these
symbolic representations, ranging from photorealistic or
cartoonish renderings and first- or third-person perspectives
to perceptions of external tools and illusory body ownership
(see Seinfeld et al., 2020). User experience also depends on
input/output devices and the sensory modalities they
involve (e.g., headsets, motion tracking, 3D audio sounds,
tactile and haptic feedback, and even scent and taste
experiences).

The remainder of the paper is structured as follows. First,
the method used to identify and select published research
by European teams on creativity and MUVES since 2014
is reported. Then we present the results of our qualitative
analysis, organized into four categories: (1) new advances
in research aiming to adapt or support existing creativity

techniques within MUVEs; some latest results on (2) ava-
tars, and (3) immersion in virtual environments as specific
VR features that may affect creative performance; and,
finally, (4) research on the perception and acceptability of
VR and MUVES by professional creativity facilitators.
Conclusions and forward-looking perspectives are proposed
at the end.

Method

Literature Selection

We conducted a literature review to identify the recent
advances in this field between 2014 and 2021. Using
several combinations of keywords such as “creativity,”
“creative,” “creativeness,” and “innovation” with “virtual
world.” “virtual environment,” “virtual space,” and
“Avatar,” the search process concerned:
(1) the major databases such as PsycINFO, ERIC, Google

Scholar, JSTOR, Web of Science, etc.,
(2) key journals in virtual environments and creativity

such as Journal of Virtual Worlds Research, Computers
in Human Behaviors, Psychology of Aesthetics, Creativ-
ity, and the Arts, The Journal of Creative Behavior,
Thinking Skills and Creativity, Creativity Research Jour-
nal, etc., and

(3) direct request to authors for a copy of a chapter or
conference paper whenever needed.

A total of 153 articles, book chapters, and conference papers
were collected. After reading the abstracts, we included
publications that addressed virtual reality, augmented or
mixed reality uses within the creativity domain (e.g., studies
that explore users’ creativity within more or less virtual
immersive setting) and excluded articles that explored (1)
the development of technical skills using virtual simulation
in area such as manufacturing, medical or engineering
domain (e.g., Lomanowska & Guitton, 2014), and (2) online
or digital creativity without any immersive experience (e.g.,
Biasutti, 2015). As a result, 46 relevant publications were
selected, out of which 33 (72%) were published by Euro-
pean teams (including articles, book chapters, and confer-
ences proceedings). This represents a substantial increase
compared to the last literature review (Alahuhta et al.,
2014), where 49% of the articles were published by Euro-
pean teams (or at least the first author was a European).
Of the remaining 13 eligible publications (Bilyatdinova
et al., 2016; Chang et al., 2020; Davis & Boellstorff,
2016; Hong et al., 2016; Hong, El Antably, et al., 2019;
Hong, Park, et al., 2019; Hu et al., 2016; Lau & Lee,
2015; Leonard et al., 2015; Tang et al., 2018; Ward, 2015;

European Psychologist (2022), 27(3), 237–253 �2022 Hogrefe Publishing

238 S. Bourgeois-Bougrine et al., Creativity in VR

 h
ttp

s:
//e

co
nt

en
t.h

og
re

fe
.c

om
/d

oi
/p

df
/1

0.
10

27
/1

01
6-

90
40

/a
00

04
81

 -
 s

am
ir

a 
B

ou
rg

eo
is

-B
ou

gr
in

e 
<

sa
m

ir
a.

bo
ur

ge
oi

s-
bo

ug
ri

ne
@

u-
pa

ri
s.

fr
>

 -
 W

ed
ne

sd
ay

, S
ep

te
m

be
r 

21
, 2

02
2 

8:
18

:0
3 

A
M

 -
 I

P 
A

dd
re

ss
:1

93
.5

1.
83

.1
01

 



Yang et al., 2018, 2019), 3 were conducted by US teams and
11 by Asian or mixed teams (China, Korea, Taiwan, Hong
Kong, Russia, Israel, Egypt, Australia). These papers were
excluded for the next part of the analysis due to the paper’s
focus on European research.

Within the 33 selected European research, various
degrees of immersive systems were represented, ranging
from VR headsets or CAVE (a cube-shaped immersive VR
room where outside projectors are directed to three walls,
floor, and ceiling of the room) to ordinary computer
screens.

Qualitative Analysis

The content of the 33 studies was categorized into four
topics and covered three methodological aspects. This
categorization was both data-driven and informed by the
authors previous research work in the domain of creativity
and virtual reality. The four main topics encompass (a) the
use of virtual creativity techniques, (b) avatar embodiment,
(c) virtual environments effects, or (d) virtual reality percep-
tion by creativity and innovation professionals. Moreover,
each article was analyzed through three methodological
lenses: (a) virtual reality design and material (VR headsets,
avatars, virtual spaces design, haptic and motion devices,
etc.); (b) the nature and duration of the creative tasks
(collaborative vs. individual; divergent vs. convergent tasks,
brainstorming, sketching, etc.); and (c) the participants’
number and type (students in psychology, design, engineer-
ing, etc. vs. professionals from diverse domains of
expertise).

Adapting Existing Creativity Techniques in MUVEs
Creativity and innovation professionals use diverse creativ-
ity techniques and strategies to come up with creative
design solutions or products that are original and, at the
same time, satisfy constraints pertaining to the design prob-
lem at hand (Bonnardel, 2012; Bonnardel & Pichot, 2020;
Bourgeois-Bougrine et al., 2017). VR offers a cost-effective
means of implementing and optimizing nearly all conven-
tional individual and collaborative creativity enhancement
techniques while also offering potent new possibilities and
combinations not available by other means (Thornhill-
Miller & Dupont, 2016).

Our review (see Table 1) shows that 11 studies took
advantage of VR affordances to explore new creativity
techniques involving (a) a virtual upgrade of classic tech-
niques such as the persona method (Bonnardel et al.,
2016; Bonnardel & Pichot, 2020; Li et al., 2018), (b) virtual
sketching and prototyping software (Obeid & Demirkan,
2020; Vistisen et al., 2019), and (c) sophisticated VR instal-
lations and interfaces (Forens et al., 2015; Fröhlich et al.,
2018; Gerry, 2017; Men & Bryan-Kinns, 2018, 2019; Men

et al., 2019). These techniques were tested during individ-
ual or collaborative creative tasks in domains such as
design, music composition, and art-making. The partici-
pants were students as well as professionals.

A Dynamic Adaptation of the “Persona
Method” to Support User-Centred Creative
Design

The classic “persona” method aims to provide designers
with end-user models (or archetypes) derived from field
data. Personas are generally given a name and associated
with a photo and a textual description revealing their needs,
values, aspirations, and/or frustrations (Pruitt & Grudin,
2003). They are intended to allow designers to get a better
understanding of users’ intentions, stimulate empathy, and
favor creativity (Brangier et al., 2011). Nevertheless, this
method can be seen as reducing the involvement of design-
ers in gathering user data (Goh et al., 2017). To overcome
this limitation, Bonnardel and colleagues (Bonnardel &
Pichot, 2020; Bonnardel et al, 2016) introduced “dynamic”
personas allowing a more active role for the designer in
needs analysis through conversation with the persona.

The dynamic persona is modeled by an avatar in a virtual
environment. At this stage of development, dynamic per-
sonas are played by the experimenter, in accordance with
the “Wizard of Oz” technique, but autonomous conversa-
tional agents could possibly be developed in the future
(Callejas et al., 2014). The designers and/or the other
stakeholders are also represented by avatars in the virtual
environment, which allows them to choose their visual
appearance and can ensure them, if they wish, anonymity
in order to reduce evaluation apprehension and production
blocking (Bourgeois-Bougrine et al., 2018; Brown et al.,
1998). Regardless of their status (e.g., professionals or
students), participants can interact with each other and
exchange with the dynamic persona in order to gather infor-
mation related to these archetypal users. Therefore, the
designers and the other stakeholders become more active
in searching for information elements related to future
users.

In addition, in these studies, participants were asked to
use a written communication mode (through a chat) to limit
the negative effects of turn-taking. Studies aiming to com-
pare the uses of dynamic and static personas (Bonnardel
& Pichot, 2020; Bonnardel et al, 2016) showed that using
a dynamic persona led to more active involvement of the
participants through a questioning process to access
information about future users and usages. It also seems
to lead to a deeper understanding of future users and their
intentions and emotions. This interpretation is consistent
with the higher level of empathy that was observed when
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participants were provided with a dynamic persona than
with a static one. The positive effect of the use of the
dynamic persona was also observed in the quality of collab-
oration in the groups, which is consistent with greater
involvement of the participants (e.g., either a designer and
an ergonomist or two students together). The act of commu-
nicating with a third interlocutor in the form of a dynamic
persona seems to stimulate the participants to exchange
and collaborate more. This dynamic interaction may also
favor the construction of a common frame of reference
around the design problem, which is essential in collective
creative activities (Valkenburg & Dorst, 1998). Therefore,
using a dynamic persona in a virtual environment appears
as an efficient way to enrich designers’ mental representa-
tions about future users and to favor collaborative creative
design activities.

Other Creativity Techniques Recently
Tested in MUVEs

Other creativity techniques have been tested, such as virtual
sketching and prototyping software (Obeid & Demirkan,
2020; Vistisen et al., 2019) and sophisticated VR installa-
tions and interfaces for music composition, terraforming,
and art-making (Fröhlich et al., 2018; Gerry, 2017; Men &
Bryan-Kinns, 2018, 2019; Men et al., 2019). The aim of
these studies was to assess the feasibility of the techniques
and users’ experiences and perceptions. However, no
measurement of the participants’ creative performance
was made. These studies involved VR headsets, interactive
virtual menus, and motion tracking systems. For instance,
Men and colleagues (Men & Bryan-Kinns, 2018, 2019;
Men et al., 2019) explored how shared virtual environments
should be designed to support creative, collaborative music-
making. They designed and refined iteratively a virtual
music interface that allows users to generate, remove, posi-
tion, and edit music in pairs in a virtual space that includes a
grey stage with a grid pattern. Gerry (2017) explored a new
way to teach creativity through perspective sharing. This
involves the superimposition of an artist painter’s point of
view that is live-streamed into the user’s VR headset in tan-
dem with a tracked rendering of the user’s own hand.
Finally, in one study (Fröhlich et al., 2018), the use of VR
in combination with a sandbox was tested. The users were
instructed to create a landscape using the sand and VR
menu items represented as bubbles, which users could inter-
act with using their hands. The VR bubbles offered different
functions effects, for example, decorating the sand surface
with virtual objects or teleportation. The context of working
with sand as in childhood days and the VR functions and
effects were all perceived as playful by the participants.

User’s Embodiment by an Avatar:
A VR Specific Feature Supporting
Creative Processes

Avatars as User’s and Character’s
Representations in MUVEs

Avatars are virtual characters that are increasingly present
in popular culture, appearing in video games, social net-
works, and digital applications in general. By providing us
with a fresh new appearance, they may impact the very per-
ception of our own identity. Indeed, avatars are known to
influence behavior through their individual identity cues
(“Proteus effect”) and through their shared identity cues
(“Social identity effect”; Buisine et al., 2017; Guegan
et al., 2019). The Proteus effect (i.e., the idea that a partic-
ipant’s perception of an avatar’s appearance as “creative”
might influence behavior in that direction), could be
explained by; (a) self-perception: according to this theory,
participants would be particularly sensitive to social cues
associated with their new identity that they infer from their
avatar; and (b) priming: the avatar might activate in mem-
ory, concepts that are associated with its appearance (Yee &
Bailenson, 2007).

Beyond self-perception and personal identity, avatars
may also be a convenient medium to emphasize social
identity in a virtual environment. Social identity is defined
as common features that are shared by the group members
and distinguish them from other relevant groups (Tajfel &
Turner, 1979). In this way, a positive evaluation of one’s
in-group may contribute to a positive evaluation of the self,
leading people to work as a group and for the group to
enhance performance (i.e., social laboring; Haslam, 2004).

Ten publications addressed the impact on the creativity
of embodying an avatar, including six original studies
(Table 2), three book chapters summarizing previous
authors’ publications (Buisine et al., 2017; de Sousa, 2015;
Guegan et al., 2019), and one a review (Clark, 2020).
The main research questions were:

Research Question 1 (RQ 1): What is the right digital
self-representation for enhancing creativity?

Research Question 2 (RQ 2): What is the right repre-
sentation to support engineers’ creativity?

Research Question 3 (RQ 3): What is the impact of
embodying a virtual user persona versus an inventor
avatar?

Research Question 4 (RQ 4): How does the degree to
which users identify with their avatar moderate their
actual ability to generate creative ideas?

European Psychologist (2022), 27(3), 237–253 �2022 Hogrefe Publishing
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These studies (Table 2) involved mostly students in engi-
neering and communication and cognition programs who
performed collaborative brainstorming for 10–15 min in
groups of three participants or divergent thinking tasks
for 5 min performed individually). One study involved
highly qualified employees from a large company’s innova-
tion department (Buisine et al., 2016). The participants in
collaborative brainstorming sessions worked in groups of
three in a virtual meeting room; they were isolated in indi-
vidual experimental rooms equipped with computers, were
represented by avatars, and did not wear a VR headset
(Buisine & Guegan, 2020; Buisine et al. 2016; Guegan
et al., 2016, Guegan, Nelson, et al., 2017; Guegan, Segonds,
et al., 2017). Two studies used VR head mounted displays
(de Rooij et al., 2017; Marinussen & de Rooij, 2019).

Avatars Exhibiting Identity Cues Increase
Self-Perception of Creative Skills and
Performance

In a series of experiments, avatars were used to modify self-
perception in order to improve one’s collaborative brain-
storming creative performance (Buisine & Guegan, 2020;
Buisine et al., 2016; Guegan et al., 2016; Guegan, Segonds,
et al., 2017). To do so, the first step was to identify what
kind of avatars would likely increase the perception of one’s
creative skills. In these experiments being conducted with
engineering students, the authors studied the cognitive rep-
resentation of creativity in this population, which led them
to identify the concept of the Inventor as a common rele-
vant creative figure for engineers. Accordingly, the authors
designed and validated avatars featuring characteristics of
inventors (e.g., looking like Einstein, wearing a laboratory
coat or using scientists’ instruments). They expected that
users of these avatars, observing their digital appearance
(“I embody an inventor”), would make implicit inferences
about their creative skills (“I am creative”) and improve
their creative performance (“I have a lot of ideas/good
ideas”). Consistently, their results showed that engineering
students using inventor avatars during a virtual brainstorm-
ing session performed significantly higher in fluency and
originality in comparison to students using neutral avatars
and students in a face-to-face electronic brainstorming
situation (Guegan et al., 2016). Moreover, this benefit
endured over time because participants allocated to the
inventor condition continued to perform higher in subse-
quent face-to-face brainstorming. Subjective data also
showed that brainstorming in a virtual environment (either
with a neutral or a creative avatar) was rated more fun than
using an electronic brainstorming system.

Interestingly, two studies which investigated experimen-
tally whether the degree to which users identify with their

avatar moderates their actual ability to generate creative
ideas suggest that self-similarity might be an even more
effective way to support creative ideation than priming
creative stereotypes (de Rooij et al., 2017; Marinussen &
de Rooij, 2019).

Framing Creative Design Towards User’s
Needs by Providing Avatars Derived From
Persona Characters

In further work, Buisine and colleagues (2016) examined
whether avatars could be used to help engineers develop
user-centered innovations motivated by customer needs
instead of technological value. To investigate this question,
they designed a case study with a major company in the
transportation industry. A group of highly qualified employ-
ees from the innovation department was given inventor
avatars like in the previous experiment, and another group
was assigned avatars representing users of public transporta-
tion (“persona avatars,” for example, a mother with a new-
born, a child, an elderly person, a train manager). Both
groups were immersed in a transportation situation (ametro
tour across a virtual Paris) and had to find applications for
smart windows in public transportation. As expected, the
content of ideas was influenced in a manner congruent with
avatars’ appearance: the inventor condition led to a techni-
cally-centered ideation profile, oriented toward technologi-
cal solutions, whereas the persona condition led to more
user-centered, needs-oriented ideas.Consistently, inventors’
production tended to be better evaluated according to indus-
trial criteria, and those produced by personas tended to be
evaluated as better by transportation users. These results
suggest that avatar-mediated brainstorming could be a
powerful tool enabling innovation teams to align ideation
to their strategy (e.g., technology-centered or user-centered).

Avatars Exhibiting Shared Social Identity
Cues Facilitate Group Identification and
Creative Performance

In a subsequent experiment, Buisine and Guegan (2020)
introduced VR social identity cues (SIC) on avatars’ clothes
(Figure 1), as it could be implemented in various profes-
sional contexts (e.g., clothes in the colors and logo of a com-
pany, sport team jerseys). On the basis of the Social Identity
Model of Deindividuation Effects (Reicher et al., 1995;
Spears & Lea, 1992, 1994), the authors assumed that virtual
cues would positively affect group performance (see Tanis &
Postmes, 2008). By perceiving themselves as members of a
group rather than co-workers who are “gathered together,”
individuals should be more likely to engage in online
collaborative work. The results confirmed this assumption
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by showing that social identity cues on avatars’ clothes
increased both group identification and creative
performance.

Immersion in Virtual Environment:
A Second VR Specific Feature

Impact of the Environment Content on
Creativity in MUVEs

One of the most defining affordances of VR is the illusion of
presence in virtual environments (VE). Early empirical stud-
ies have investigated the impact of VE features on creativ-
ity, for example, the feeling of sharing the same place and
working within a cohesive group (Uribe Larach & Cabra,
2010), the inspiring, intrinsically motivating, and fun
co-creation experience impacting the time spent in VE
and the number of words in brainstorming sessions (Kohler
et al., 2011), or the creative look of VE increasing perfor-
mance on an ideation task in terms of number of ideas
(fluency), originality (uniqueness), relevance and workabil-
ity of ideas (which can be interpreted as a priming mecha-
nism; Bhagwatwar et al., 2013). These results show a clear,
positive impact of the visual creative environment on
creative performance both quantitatively and qualitatively.

Nine recent publications brought support and provided
some explanations regarding psychological processes
involved in the effect of VE on creativity, including two
book chapters summarizing previous authors’ publications
(Alahuhta et al., 2016; Eustáquio & de Sousa, 2019) and
one conference proceeding (Bourgeois-Bougrine et al.,
2018). Respectively four and then two empirical studies
(Table 3) addressed the impact of physical and social virtual
contextual cues on creative performance (Physical: Fleury
et al., 2020; Guegan, Nelson, et al., 2017; Guegan et al.,
2020; Nelson & Guegan, 2019; Social: Bourgeois-Bougrine
et al., 2020; Frommet al., 2020).

The VE tested in these studies were: an artist studio, a
meeting room, a lush green forest surrounded by moun-
tains, an underwater environment featuring a coral reef, a
virtual interior of an empty train car, a virtual library envi-
ronment, a virtual replica of the headmistress’s office, a
replica of children schoolyard, and a dreamlike environ-
ment. All the studies involved the measurement of cre-
ative performance either in collaborative brainstorming
(Bourgeois-Bougrine et al., 2020; Fromm et al. 2020) or
in divergent thinking tasks (Fleury et al., 2020; Guegan,
Nelson, et al., 2017; Guegan et al., 2020; Nelson & Guegan,
2019). One study used both convergent and divergent
thinking tasks (Fleury et al., 2020). The participants were
all higher education students except in one study,
which explored the impact of VE on children’s creativity

Figure 1. The collection of avatars dif-
fering in individual identity cues (creative
vs. non-creative) and social identity cues
(SIC vs. No SIC). Reprinted with permis-
sion from Buisine and Guegan (2020).
� S. Buisine & J. Guegan.
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(Guegan et al., 2020). VR headset was used in three
studies, whereas four studies used desktop computers.

Effects of Contextual Cues Contained in
the Displayed Virtual Environment on
Creative Performance

In terms of the physical contextual cues, studies explored
two ways in which the virtual environment could foster

creativity (Guegan, Nelson, et al., 2017; Guegan, et al.,
2020; Nelson & Guegan, 2019): (a) by providing contextual
cues congruent with the type of creative production
expected (considered as examples of possible responses);
and (b) by providing other kinds of contextual cues, which
may influence creativity indirectly (increasing the accessi-
bility of relevant knowledge). The results suggest that
(a) originality and elaboration scores were higher in the
virtual creativity-conductive condition (an artist studio)
compared to the real meeting room or virtual meeting room

Table 3. Studies on the impact of virtual environments on creativity (2014–2021). All studies involved the measurement of creative performance

Authors Country Participants Tasks VR design & material

Guegan, Nelson,
et al. (2017)

France 160 & 135 undergraduate
students in psychology
(survey & experimentation)

Divergent thinking task in
VR: Torrance’s cardboard
boxes task. 10 min

Virtual creativity-conducive
environment (CCE: artist studio)
and virtual control environment
(meeting room)/the view locked in
first-person perspective: the
participants moved using the
keyboard and could explore in
detail their environment using the
mouse to control gaze direction in
360�/No avatar/No headset

Nelson & Guegan
(2019)

France 50 & 100 undergraduate
students psychology
(Study 1 & 2)

Study 1 – divergent thinking
task: Torrance’s cardboard
boxes task. 10 min in VR.
Study 2 – “alien creatures”
task. 10 min after being
immersed for 5 min in VR

Study 1 – Two VE: a lush green
forest surrounded by mountains &
an underwater environment
featuring a coral reef. Study 2 –

three aquatic virtual environments
integrating features characteristic
of an alien planet/Computer &
Oculus Rift DK2. Participants were
unable to move in the virtual
environment but were able to
explore it at 360� by moving their
heads. No Avatars.

Bourgeois-Bougrine
et al. (2020)

France 60 undergraduate students
psychology

Collaborative brainstorming
in VR – 10 min – Groups of 3

Virtual meeting room/Avatars
isolated boxes equipped with
computers/No VR headset.

Fleury et al. (2020) France 32 students or interns
involved in the field of
virtual reality

Divergent and convergent
tasks in VR: Alternate Uses
Test (AUT – 5 min) and the
Remote Association Test
(RAT)

Virtual interior of an empty train
car-no visible landscape through
the train’s windows (as if they were
in a tunnel). When the train was
moving, the lights from inside the
tunnel could be seen moving by/
HTC Vive headset/No Avatars.

Fromm et al. (2020) Germany 18 students from the
Applied Cognitive and Media
Sciences study program

Collaborative brainstorming
in VR – 12 min – Groups of 3

Virtual library environment with a
crackling fire, a meowing cat, a
table, sofas/Oculus Go to run.
Social network application vTime
XR. Participants took part from
their homes.

Guegan et al. (2020) France 96 school-aged children Divergent thinking task in
VR: Torrance’s cardboard
boxes task. 10 min

A replica of the headmistress’s
office, a replica of their schoolyard,
and a dreamlike environment/No
VR headset/No Avatars. The view
locked in first-person perspective.

Note. To avoid redundancy, the following three publications summarising authors’ pervious work are not reported in the Table 3: Alahuhta et al. (2016),
Eustáquio and de Sousa (2019), and Bourgeois-Bougrine et al. (2018).
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(Guegan, Nelson, et al., 2017); and (b) the contents of the
environment influenced the nature of the creative output
by priming specific concepts (Guegan et al., 2020; Nelson
& Guegan, 2019). In Fleury et al.’s (2020) paper, the ques-
tion about the impact of contextual cues on creativity is
more subtle. The objective of the study was to understand
the effect of the perception of movement on divergent
creativity by specifically isolating the visual perceptual com-
ponent of movement through the use of virtual reality,
allowing to create impressions of movement in the virtual
environment, using the example of a train. Results showed
that, empirically, scores for all creativity criteria (originality,
fluency, flexibility, elaboration) were higher when the
virtual environment was moving than when it was in a static
position.

Group Creative Process and Social Context
in MUVEs

With regard to virtual social context, two publications
(Bourgeois-Bougrine et al., 2020; Fromm et al., 2020)
addressed negative group effects during brainstorming ses-
sions in virtual environments. Based on the participants’
post-experimental interviews, Fromm and his colleagues
(2020) reported a 44% occurrence of production blocking,
which is the tendency to produce fewer ideas when group
members must take turns expressing their ideas. Other neg-
ative group effects rarely occurred (17% for evaluation
apprehension, 11% for social comparison, 11% for cognitive
inertia, and 0% for social loafing). According to the partic-
ipants, production blocking was most strongly influenced by
VR affordances and constraints, whereas the other effects
were more influenced by personality traits or group size.

Finally, a study provided evidence in favor of a combined
perspective on the impact of VE on creativity (Bourgeois-
Bougrine et al., 2020). Two kinds of effects were observed.
First, there was a general effect of virtual reality environ-
ments: at the team level, fluency and originality were signif-
icantly improved in VE compared to the control situation
(e.g., the real environment). Second, there was a modula-
tory effect based on an individual differences approach, in

which the presence of specific personal factors such as
risk-taking propensity, divergent thinking, and mental flex-
ibility abilities enhanced the effect of the virtual work
environment. The authors hypothesized that in situations
of physical isolation, and anonymity of the participants,
the virtual environment offered a “freedom-inducing”
atmosphere that disinhibited cognitively participants. This
kind of study has practical implications for predicting
creative performance in virtual settings and optimizing it
by taking into consideration the nature of the individuals
engaged in creative work within virtual (or non-virtual)
environments.

Perception and Acceptability of VR and
MUVEs Amongst Professional Creativity
Facilitators

Recent studies have investigated how professional creativity
facilitators perceive VR technologies and the extent to which
they might support their dissemination (Table 4). For exam-
ple, a study conducted among a group of French-speaking
professionals with experience working as creativity and
innovation facilitators and consultants (Thornhill-Miller &
Dupont 2016) showed little awareness of, and/or openness
to, all the creativity-enhancing possibilities that VR-related
technologies have to offer. When asked what type of avatar
they would optimally select for themselves as facilitators of
a creative problem-solving session, responses were also
mostly conventional, with only two of them suggesting
non-human avatars (e.g., robots or Martians). Within the
group that explicitly identified their avatars, most of the
participants (75%) chose an avatar of a known or familiar
type, for example, enhanced versions of themselves or
fictional or real characters of a creative nature, like
Leonardo da Vinci.

These results are in line with a more recent study
(Buisine & Guegan, 2019) that allowed independent or
internal consultants (from various companies) specialized
in group facilitation for collaborative creativity sessions to
experience teamwork in a virtual environment (avatar
manipulation, navigation in the environment, interaction

Table 4. Studies on the perception of creativity professionals (2014–2021)

Authors Country Participants Tasks VR design & material

Thornhill-Miller & Dupont (2016) France 20 French-speaking professionals with
experience working as creativity and
innovation facilitators and consultants

No No headset & no computer – Link
to discover VR online

Leovaridis & Bahana (2017) Romania 3 entrepreneurs in three different areas of
creative industries (architecture, journalism,
advertising)

No No headset & No computer

Buisine & Guegan (2019) France 19 professional creativity facilitators
independent or internal consultants (from
various companies)

No No headset/3 computers to explore
VR environments and avatars

�2022 Hogrefe Publishing European Psychologist (2022), 27(3), 237–253
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with team members, idea generation and discussion
through instant messaging). They were instructed to visit
the four target virtual places, explore them, discuss the pros
and cons of each environment and imagine what kind of
creative session they could conduct there with what kind
of customer. The results show that their perception of the
potential benefits of virtual environments decreased after
the test. They mentioned many limitations of the technol-
ogy with regard to the usual facilitation process. Moreover,
their expert perception of the creative process sometimes
appeared contradictory to scientific results obtained in the
domain.

However, more positive insight was observed in research
conducted by Leovaridis and Bahana (2017). The purpose
was to identify the internal and external factors that deter-
mined the use of VR as an innovative technology by entre-
preneurs belonging to three creative domains: advertising,
architecture, and journalism. The results suggest that the
“entrepreneurs are approaching the field of virtual reality
in order to be prepared for demand when this technology
will be required by a wider audience, on a large scale, even
if, for the moment, they are the ones influencing the
demand through their belonging to the creative industries,
having an important role in forming the public opinion”
(p. 170).

Conclusion and Perspectives

The conducted review confirms that MUVEs hold the
potential to support greater creative performance at individ-
ual and collaborative levels as well as enjoyment and fun.
European teams have been addressing creativity in VR in
diverse domains such as engineering, design, music compo-
sition, art-making, etc. Experimental designs have involved
the testing of new creative techniques as well as sophisti-
cated VR installations. Most studies assessed creative per-
formance, and some focused on user experience. None of
the studies using VR headsets mentioned the eventual
dropouts for the sample due to VR-induced symptoms.

In contrast to the previous review (Alahuhta et al., 2014),
our paper addressed both individual and team creativity.
Moreover, in comparison to the 2014 review, studies in
our review used richer multimodal communication and
interaction affordances. Indeed, in addition to the usual
VR communication channels (e.g., auditory, textual, visual,
and graphic), more elaborated media was used, such as
(1) head and hand motion trackers to synchronize the
avatar and users’ real movements in real time, (2) live
streaming of a video of a painter into a participant’s Oculus
screen, in order to create a painting in VR by following the
painter’s actual movements, (3) virtual sketching, story-
board and prototyping tools, multi-view system, and so
forth.

However, as rich and varied as this literature has become,
exploring at individual or/and collective levels the relation-
ship between creative performance and virtual environ-
ments, also reveals major methodological limitations:
(a) population and sample size issues (small samples or ones
composed mostly of students); (b) the use of mainly diver-
gent thinking tasks or brainstorming as the only context to
measure creativity; (c) the use of rudimentary virtual mate-
rial (environment and avatar) incapable of dynamic interac-
tions; (d) a static image of an environment; and (e) very
limited VR exposure time (10–15 min in general). In our
review, the effect sizes reported in the studies can vary
according to the dependent variable chosen, as there are
many indicators of creative performance (i.e., fluidity, orig-
inality, quality, elaboration index, etc.). Moreover, some of
the studies presented in this paper evaluated creativity
directly (n = 13) and others indirectly (n = 14 here the depen-
dent variables are theoretically related to creativity).
A meta-analysis on the Proteus effect was recently pub-
lished (Ratan et al., 2020), which reports a small-but-
approaching-medium effect size (d = 0.52 based on 37
studies, N = 3,101). Given the diversity of the studies
included in our review, in terms of experimental situations
and conditions, the dependent variables, and potential
moderators, the conclusions drawn about their influence
on creative performance should therefore be taken with
caution.

It is also worth noting that research exploring the relations
between user representations, user behavior, and perfor-
mance is also still scarce (for a review, see Seinfeld et al.,
2020). For instance, there is a need for more ecological sim-
ulation of “real place/world or situations” to study creativity
in VR. Additionally, usability problems, as well as the occur-
rence of VR induced symptoms, effects, and after-effects in
some situations (e.g., cybersickness and physical ergo-
nomics; see Cobb et al., 1999; Nichols, 1999; Saredakis
et al., 2020) has been repeatedly documented and could
be potential barriers to VR’s efficiency and adoption.
Although none of the present reviewed studies in which par-
ticipants are exposed to VR used standard measures of the
after-effect, anecdotal evidence of such potential effects
was provided in at least two of these. Vistisen et al. (2019,
p.154) reported that “two of the six students experienced
major cybersickness [. . .] that hindered their work pro-
gress.” In the study by Gerry (2017), one participant
reported being confused during the perspective-taking task
with the VRHeadset, which he attributes possibly to the fact
he was on the autistic spectrum. Both studies used head-
mounted display and motion-based interactions – which is
associated with a potentially higher level of immersion.
Most other studies are based on the desktop VR configura-
tion with little or no visual motion, which might explain
the absence of aftereffects. However, the lack of systematic
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information on this issue limits the ability to draw any con-
clusions on their actual prevalence. Additionally, usability
problems were reported by the participants in a few studies,
mostly in relation to gestures, orientation within a 3D envi-
ronment, or interaction design (Buisine et al., 2017; Fröhlich
et al., 2018; Li et al., 2018; Vistisen et al., 2019). Experienc-
ing these problems was subsequently associated with
decreasing interest, satisfaction, and/or performance.
Equally important, studies of creativity in VR should address
ethical concerns that have been recently pointed out, like
the induction of unwanted cognitive, emotional or behav-
ioral changes, the exposure to psychologically harmful expe-
riences, social isolation, or the acquisition of personal data
by third parties (see e.g., Slater et al., 2020).

As Thornhill-Miller and Dupont (2016) noted a few years
ago, it would seem that the full range of potential contribu-
tions that VR has to make to creativity – including those
topics further developed by the more recent research
reviewed in this article – continue to be underused and
underappreciated. Expanding and reformulating the four
ways Lubart (2005) argued human-computer interactions,
more generally, could assist and promote creativity, they
suggest that there are at least five ways that VR can be used
to enhance problem-solving and creativity: (a) by altering
aspects of the self or self-perception, (b) by enhancing inter-
actions and optimizing collaboration, (c) by optimizing envi-
ronmental influences or conditions, (d) by facilitating
guidance of the process or gamifying aspects of it, and (e)
by offering a medium for integrating other creativity-enhan-
cing technologies, like brain stimulation and neurofeed-
back. Future research can and should continue to be
pursued in all of these directions.
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