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ABSTRACT

How to enhance creativity, especially by applying new technologies to creativity methods, is a
question posed continuously by researchers. One reason for this is that creativity is an important part
of people’s daily lives and an essential component of society. Therefore, many methods to enhance
creativity have been created, especially brainstorming, which is one of the most popular and effective
tools that inspire individuals to generate ideas, hence enhancing creativity. Moreover, technologies,
such as virtual reality (VR), provide an opportunity for individuals and groups to be creative. In
response, recent studies have adopted VR in brainstorming to enhance creativity. However, there is a
lack of systematic analysis of experimental approaches and creativity measures employed in this
context. Addressing this question, this study categorized existing articles on the topic related to
categories of avatars, environments, interfaces, or applications. The findings elaborate on trends,
measures employed to evaluate creativity and idea generation, identified categories, and results of
these studies.
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1 INTRODUCTION

Creativity is related to various research fields that contribute to the individual and social development
(Borgianni et al., 2017). For individuals, creativity is the ability to solve problems in their studies,
work, and daily life. In terms of social development, creativity could result in scientific findings,
promoting the development of the society, and providing a better life for citizens. Creativity is vital to
designers in the design field. Creativity could drive designers to generate ideas and create more novel
and useful products, such as optimised mechanical designs (Yu and Colton, 2017), or new products
that support the mechatronic development process (Goevert et al., 2017). According to the
componential theory of creativity, creativity can be influenced by domain-relevant skills,
creativity-relevant processes, task motivation, and surrounding environment. Creativity-relevant
processes include skills in generating ideas (Amabile, 2011), which implies that, when we improve
effective creative techniques or skills in ideation, creativity-relevant processes can be positively
affected, thereby enhancing the creativity. Regarding ideation, brainstorming is one of the most
popular creative techniques designed by Alex Osborn in 1953, which is a creative discussion for
producing a checklist of ideas that can be evaluated and processed further. He proposed four central
guidelines: criticism is ruled out, freewheeling is welcomed, quantity is wanted, combination and
improvement are sought (Osborn, 2012).

Virtual reality (VR) is a high-end user interface that involves real-time simulation and interaction
through multiple sensory channels (vision, sound, touch, smell, taste) (Burdea, 1999), including
immersive VR and non-immersive VR, which adopted in different fields (Georgiev et al., 2021;
Georgieva and Georgiev, 2020, 2019). Immersive VR is described as a computer-simulated stage
wherein users can interact with an immersive virtual environment (VE) using special electronic
equipment, such as a head-mounted display and/or gloves fitted with sensors in a virtual space (Burdea
and Coiffet, 2003; Gong and Georgiev, 2020). Non-immersive VR refers to using a desktop or laptop
screen to show the users the three-dimensional (3D) VE (Georgiev et al., 2021).

In the past 20 years, the use of VR to enhance the creativity has been far from new. Many researchers
have continued to explore the benefits of using VR in concept generation to enhance the creativity
(Abdelhameed, 2014; Gong and Georgiev, 2020; Hu et al., 2020; Hu and Georgiev, 2020). For
example, Abdelhameed, (2014) verified that using VR helps the later phases of designing instead of
the initial phases and has a positive effect on the individual’s creativity performance. Hu and Georgiev
identified the advantages of employing VR in the early design stage, such as enhancing the users’
understanding and promoting design equity (Hu and Georgiev, 2020). Likewise, other researchers
reviewed examples of how VR has been used to enhance the creativity in recent years. They proposed
a hypothesis that the VR technology can simulate the nature to enhance the creativity (Gong and
Georgiev, 2020).

Other researchers have focused on a specific research field, using VR in brainstorming to improve the
creative performance and enhance the creativity. Although numerous studies have verified that
brainstorming is a useful method to generate ideas and improve the creative performance, some effects
during brainstorming, such as social anxiety (Camacho and Paulus, 1995), production blocking (Diehl
and Strpebe, 1987), and social loafing (Shepperd, 1993) could negatively affect brainstorming
outcomes. With the development of technology, many researchers have reported that virtual
brainstorming can decrease negative effects, improve the creative performance, and enhance the
creativity (Bonnardel et al., 2016; Guegan et al., 2016). For example, the same VE has been designed
based on different technologies (VR and mixed reality (MR)) in brainstorming and the positive effects
of VR and MR in enhancing the creativity have been compared (Hwang et al., 2020). Other authors
compared oral and written communications in virtual brainstorming, and determined oral
communication led to more numerous and original ideas (Forens et al., 2015).

To the best of our knowledge, no studies have summarised the trends and advantages of virtual
brainstorming of ideation to enhance the creativity. Therefore, this paper presents an analysis of
existing research by the following research question: What are the trends, categories, measures
evaluating the creativity and idea generation, and studies investigating virtual brainstorming for
enhancing creativity?

3400 ICED21

https://doi.org/10.1017/pds.2021.601 Published online by Cambridge University Press


https://doi.org/10.1017/pds.2021.601

2 RESEARCH METHOD

To address this research question, we conducted an initial scan of academic literature related to VR,
brainstorming, and creativity in August 2020, focusing on general fields instead of a particular area.
The literature search included keywords composed of “virtual reality” & “creativity” &
“brainstorming” in journal databases, such as Scopus, Web of Science, EBSCO database, IEEE
Xplore, and ACM Digital Library. In the first scan phase, we identified and retrieved 65 research
articles. While reviewing these articles, we identified two relevant articles that were not retrieved
through our keywords. We then articulated the inclusion and exclusion criteria for our study. We
included papers that met the following criteria: (1) the full text of the article should be available, (2)
the article is published in a journal, as a conference paper, or as an eBook, (3) the study should be a
case study, empirical study, experimental study, or comparative study, and (4) the article includes all
selected keywords or search terms. We further excluded the papers that matched one of the following
criteria: (1) the articles not written in English, (2) only mentioned one or two of the selected keywords
or search terms, and (3) the study discussed in the article did not include any experiments, as we aimed
to compare the difference between virtual brainstorming and physical brainstorming or influences of
different VEs in enhancing the creativity. Therefore, we focused on articles based on experiments. By
applying these two inclusion and exclusion criteria, the first author identified 15 articles for the study,
and other co-authors confirmed the classification. Figure 1 illustrates an overview of our method for
the search and screening processes.

Inclusion criteria

.L o, Keyword search
“virtual reality”

‘m“'“blcc ‘ “creativity”

%(plnrc “brainstorming”

Exclusion criteria Inlcuded
© Full text available

® Articles published venues

® Articles with the experiment
® Articles includes all keywords

® Articles not written in English

® Articles only include one or two of
the keywords

® Articles without any experiments

15 articles

Figure 1. Flow diagram of our search and screening process

3 RESULTS

In this section, we summarise the trends, creativity measures, and identify the categories of studies based
on a literature analysis. We identified 2013 as the year in which researchers started to using VR in
brainstorming to enhance the creativity. Thus, we included only the period of 2013 to 2020 in the review.

3.1 Research Trends and Sample

Initially, we examined the bibliometric data of the 15 included papers. The first paper was published in
2013 by Bhagwatwar, Massey, and Dennis (Bhagwatwar et al., 2013). They designed VESs to compare
the influence of the environment on the collaborative creative performance. In the next two years, two
more studies have addressed the importance of using VR in brainstorming to enhance the creativity
(Fominykh et al., 2014; Forens et al., 2015). The number of papers published between 2016 and 2020
accounted for 80% of the total reviewed papers. The categories of avatars, environments, and
applications have almost equal shares in the selected papers. However, only one paper focused on
interfaces. Four main types of research experiments are used to evaluate the impact of using VR in
brainstorming to enhance creativity, according to our literature analysis. (1) Approximately 33% of the
studies either designed an interface or developed an application to further test and compare the
effectiveness of the application for brainstorming (Fominykh et al., 2014; Forens et al., 2015;
Gongalves and Campos, 2018; Kutak et al., 2019; Petrykowski et al., 2019). (2) Approximately 26.7%
of the papers compared specific elements in VEs, such as the different virtual objects (Minas et al.,
2016) or dynamic and static persona (Bonnardel et al., 2016). (3) 20% of the studies compared specific
effects between the VE and real environment (RE) or MR, for example, the same settings in the
physical world and the simulated settings in VE (Guegan et al., 2017a). (4) 20% of the studies
compared the different elements (e.g., avatars with or without social identity cues) in both VE and RE
(e.g., Guegan et al., 2017b).

One of the papers did not elaborate on the students’ background, however they mentioned the
participants’ age, M = 19.4 (Forens et al., 2015). Therefore, we deduced that the students attended
college or university. Thus, 73.3% (n = 11) used undergraduates as the sample. The rest of the studies,
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26.7% (n = 4), used a mixed sample with different age groups in the range of 18 to 56, with related
backgrounds shown in Figure 2.

3.2 Summary of the Experimental Conditions and Results

In this section, we discuss the conditions of the comparative experiments and the use of VR in
brainstorming to enhance the creativity. All papers could be divided into four main topics: avatars,
environments, interfaces, or applications (Figure 2).
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Figure 2. Summary of the features, samples, setups, topics, measures, and results

3.2.1 Measures to evaluate the creativity and idea generation

Two types of measures were employed in the reviewed studies: creative performance measures and
other measures that might relate to creative performances. Regarding the measurements, 46.7% (n =7)
of the studies evaluated the creativity by combining measurements of creative performance and other
measures that might relate to creative performances (Bonnardel et al., 2016; Bourgeois-Bougrine et al.,
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2018; Buisine and Guegan, 2020; Guegan et al., 2016, 2017a, 2017b; Petrykowski et al., 2019).
Approximately 26.7% (n = 4) of the papers evaluated the creative performance by accounting for the
number of ideas and analysing some subdimensions, such as fluency, originality, uniqueness, and
novelty (Bhagwatwar et al., 2018, 2013; Forens et al., 2015; Minas et al., 2016). The rest of the studies
(n = 4) focused on measuring other factors that might be related to creativity, such as the effect of the VE
on the participants’ creative processes (Hwang et al., 2020), usability of the system features (Kut'ak et
al., 2019), the advantages and disadvantages of application (Fominykh et al., 2014), and participants’
level of concentration and sense of control (Gongalves and Campos, 2018), as shown in Figure 2. We
adopted the terms from the authors' original works, such as the originality and unigueness.

3.2.2 Avatars

Avatars represent the users who participate in the entire activity in a VE, which influences behaviours
through individual identity and social identity cues. During the literature analyses, we found studies
that compared (1) the impacts of dynamic, static persona, and without persona (Bonnardel et al.,
2016), (2) effects of the inventor avatars and neutral avatars (Guegan et al., 2016), (3) effects of
avatars with or without social identity cues (Guegan et al., 2017b); and (4) the effect of creative
avatars and avatars with or without social identity cues within VR or not within VR (Buisine and
Guegan, 2020). Researchers have continued to explore and compare the different types of avatars,
trying to design and select more suitable avatars to be used in brainstorming to enhance the creativity.
Bonnardel et al. were inspired by the traditional persona method, which was developed to provide a
dynamic persona (represented by an avatar) and static persona (represented by a photo and text), based
on a single persona (Kevin, a 21-year-old university student studying psychology that had a detailed
set of habits and hobbies. His main fear was to arrive late in class). They then recruited 33 students
and divided them into 11 groups (without any persona), and four professionals divided into two groups
using dynamic persona or static persona, to participate in the same creative task (reducing traffic jams
in a city). Following the tasks, they measured the fluency and originality of the ideas, quality of the
collaboration, and participants’ empathy towards their persona. The positive effects of dynamic
persona emerged in the number of ideas, number of original ideas, quality of collaboration, and
empathy related to the individuals’ creativity and creative productions (Bonnardel et al., 2016).
Guegan et al. targeted the appearances of avatars and carried out an in-depth comparison research.
They designed the inventor avatars based on interviews and feedback from engineering students. The
study then evaluated the avatars and selected four inventor avatars (e.g., a scientist wearing a
laboratory coat) and four non-inventor avatars. They experimented with three different conditions, in a
face-to-face setting, under a neutral avatar condition, and under an inventor avatar condition in virtual
rooms in Second Life (same as the face-to-face settings). The following hypotheses were verified: (1)
the self-assessed fluency was significantly higher under the inventor condition than under the two
other conditions, (2) the subjects under the inventor avatar condition exhibited increased fluency
(number of ideas) in the task, and (3) the subjects under the inventor avatar condition exhibited
increased originality (number of unique ideas) in the task (Guegan et al., 2016).

Furthermore, Guegan et al. analysed the influence of social identity cues on the groups’ creative
performance in brainstorming. The experiments included four conditions, brainstorming in a face-to-face
setting with social identity cues, brainstorming in a face-to-face setting without social identity cues,
brainstorming in a VE with social identity cues, and brainstorming in a VE without social identity cues.
The social identity cue is identity that varies along with continuity, involving interpersonal and
intergroup behaviour. In this study, the researchers employed their university’s traditional clothing,
which revealed a strong and positive social identity to induce students’ social identity cues. The results
indicate that social identity cues resulted in an increased creative performance in face-to-face settings
and VE. In contrast, social identity cues only increased the group identification in the VE instead of the
other three conditions, which implies that the avatars with social identity cues could improve the groups’
creative performance and creative output (Guegan et al., 2017Db).

A recent experiment targeting avatars compared proteus and social identity effects. 72 final-year
engineering students were involved in the same VE with four different types of avatars (creative
avatars with and without social identity cues, and non-creative avatars with and without social identity
cues). After brainstorming and collecting data using the questionnaire, the results indicated that (1) the
previous exposure to creative avatars increased the creativity in the task, (2) the effects of personal
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identity and social identity interacted with each other, and (3) creative avatars increased the
participants’ creative performance (Buisine and Guegan, 2020).

3.2.3 Environment

Environment refers to VE in this study, which is a computer-generated world in which the user can
interact (Burdea and Coiffet, 2003). In the investigation of the use of VR in brainstorming to enhance
the creativity, many researchers have focused on designing environments that encourage individuals to
perform better in creative tasks.

Bhagwatwar et al. designed two environments based on “priming” (a phenomenon from cognitive
psychology where upon individual exposure to one stimulus the following response will be influenced
without conscious guidance or intention) to determine whether the VE with creativity priming
enhanced the teams’ creative performance. One environment included creative priming (such as the
presence of plants, windows, and specific dominant colours), whereas the other did not. They recruited
80 sophomores and juniors, randomly divided into 20 groups, to investigate two topics: increasing
tourism and reducing pollution. The teams generated a more significant number of ideas in the
creativity priming VE and quality of ideas (including novelty, workability, and relevance parameters)
was significantly better in the creativity priming VE (Bhagwatwar et al., 2013). Later, Bhagwatwar et
al. compared priming in three different types of VE, generic VE, VE with topic-related priming
objects, and VE with creativity priming objects. They then conducted brainstorming tasks and
investigated which priming objects in a VE would enhance the teams’ creative performance. In
comparison to the generic VE, the group members produced more unique and better-quality ideas and
more categories (breadth) in both VE with topic-related priming objects and VE with creativity
priming objects, but only the VE with topic-related priming objects induced a larger category depth
(Bhagwatwar et al., 2018).

Similarly, Minas et al. addressed the relationship between priming, attention, and creativity. They
proposed that suitable priming can increase the individuals® concentration, thereby improving the
performance in comparison to individuals without priming. That study recruited 140 sophomores and
juniors from an introductory business course randomly divided into 36 groups. They examined
openness in a VE and its effects on the creativity. The findings verified that the team in the open VE
(without the visible wall and roof) generated more unique ideas and higher-quality ideas than the team
in the closed VE (narrow and closed virtual space with visual walls and roof) (Minas et al., 2016).
Moreover, Guegan et al. emphasised the effect of the VE with contextual cues. They proposed two
hypotheses and recruited 135 undergraduate psychology students to brainstorm innovative uses as
possible for a cardboard box. To understand the relationship between the contextual cues in the VE
and creative process, they studied three settings, (1) a real physical environment, (2) VE similar to the
real physical environment, and (3) VE with contextual cues. The hypotheses were partly verified. In a
creativity-conducive environment, the participants generated higher originality and elaboration of
ideas, whereas the fluency of ideas only marginally increased (Guegan et al., 2017a).

Two articles reported experiments that differed from the studies mentioned above. For example,
Bourgeois-Bougrine et al. investigated the relationship between VE and individuals’ creative potential.
They reported that individuals with a high risk-taking propensity were significantly more creative
(fluency and originality) than individuals with a lower risk-taking propensity (Bourgeois-Bougrine et
al., 2018). This implied that not all individuals are suitable for virtual brainstorming in comparison to
face-to-face brainstorming. Recently, Hwang et al. compared the VR and MR conditions. They
employed the Linkography approach to analyse the effect of the environment on idea generation and
outcomes. Their results showed that VR achieved higher scores than those of MR in many categories,
such as divergence, number of ideas, number of links, and creativity scores. Therefore, they proposed
that the level of realism in the environment may affect the ideation. Based on their experiment, they
provided two future directions, the effects of a highly stimulating environment and surreal qualities of
virtual space, which might positively affect the idea generation (Hwang et al., 2020).

3.2.4 Interface

Interface refers to the VR-based user interface. We adopted the terms as in the authors' original study
(Goncalves and Campos, 2018). Although the interface should be included in the application section,
the experiment conducted by Goncalves and Campos needs to be discussed separately, because their
experiment only focused on the user interface with different illusions instead of the application design,
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such as functions, tools, or technologies. They introduced a new paradigm, known as the mild place
illusion. This study investigated the influences of three writing conditions (control condition without
place illusion, mild place illusion condition, and full-level place illusion condition) on the people’s
self-perceived creativity in writing brainstorming. Particularly, under the mild place illusion condition
and full-level place illusion condition, they used the Haven tool (a text processor with an audio
soundtrack for inspiration, full-screen mode, and VR landscape), which implies that the only
difference between the two conditions is the user interface. They recruited 16 subjects who had
already attended creative writing courses, enjoyed writing, or were actual writers, to participate in the
writing brainstorming. For the task, Gongalves and Campos mentioned that “In each condition,
participants received a fairytale to read” (Gongalves and Campos, 2018, p. 3). After that, they had to
brainstorm ideas and completed the writing task. All participants completed the self-assessments and
post-experiment interviews. Their written data were assessed by external experts from the fields of
creative writing, arts, and psychology. The mild place illusion condition resulted in a higher
self-perception of creativity in comparison to the full level of place illusion condition and condition
without illusion. Moreover, they verified that a mild place illusion interface enabled individuals to
generate higher levels of creativity and performance (Gongalves and Campos, 2018).

3.2.5 Application

Application as a VR application in this study is a computer program designed to perform a group of
coordinated functions, tasks, or activities for the benefit of the user, which usually contains
high-quality 3D graphics (Gorski et al., 2016). Although we aim to investigate brainstorming in VEs
to enhance the creativity, the experiments conducted by the authors in this section include
brainstorming and following tasks, such as voting. We cannot directly separate the brainstorming task
and ignore the following tasks because the brainstorming task is integrated into applications and the
authors evaluated the effectiveness of the applications. Therefore, we attempted to identify the
functions, tools, and technologies of applications, that support brainstorming to improve the creativity
performance and creativity.

Fominykh et al. conducted experiments on vAcademia, Second Life, and face-to-face conditions by
applying a teaching approach that integrated brainstorming. They summarised several advantages of
using these approaches to support collaborative activities (Fominykh et al., 2014). The advantages of
using VR to support the creativity were identified from the participants' feedback. For vAcademia, the
advantages are the avatars' movements and positions, traces, and changes in the environment, such as
pointing tools and chat. Furthermore, each other's sense of presence and spatial awareness was
supported. Moreover, vAcademia provides a VE that adds construction and facilities as sources of
inspiration, which also supports the creativity. The anonymity of the VE and ability to easily express
ideas and provide feedback enabled the participants to be more willing to share their ideas, which could
support the creativity.

By a study targeting oral and written communications, Forens et al. demonstrated that the subjects
could generate more ideas when they orally communicated in virtual brainstorming. They invited 66
students, divided into 22 groups, to perform a brainstorming task (reducing traffic jams). The results
indicated that the subjects in the oral communication groups generated a higher number of unique
ideas than that of the subjects in the written communication groups (Forens et al., 2015).

Regarding the comparison of existing software used to perform brainstorming with different
conditions or types of communication, Petrykowski et al. designed a prototype to enable collaboration
with a whiteboard application to support brainstorming. To support cooperation among the study
participants, they compared different interaction paradigms and methods, selected tools, and methods
to create others’ social presence. The participants brainstormed under two conditions (with or without
VR). The results indicated that more ideas generated under VR condition (Petrykowski et al., 2019).
Kut'ak et al. created an application to support interaction, communication, and information-sharing
during brainstorming. It provided a canvas with a mind map as a virtual wall for users to input ideas
and share them. The main features of the application are as follows. (1) Map nodes with different
colours and labels can be moved, deleted, edited, and revised, which can also be connected by lines to
represent the relationships. (2) Node selection can be performed by either pressing the nodes or by
drawing a shape to select all nodes inside the shape. (3) Voice recognition supports speech-to-text via
the Wit.ai service. (4) Voting cannot be closed until all participants cast their vote. According to the
participants’ feedback, the advantages of this application include immersion, concentration, and
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absence of outside distraction. Moreover, it was funnier than other tools. Although all these benefits
could be positive factors in enhancing people’s creativity, the study did not measure the creativity or
compare the different conditions (Kut'ak et al., 2019).

4 DISCUSSION

The reviewed articles summarised four aspects related to the use of VR in brainstorming to enhance
the creativity: avatars, environments, interfaces, or applications.

For avatars, the results verified that avatars' dynamic persona, the avatars with individual identity
cues, and avatars with social identity could improve the creative performances (Bonnardel et al., 2016;
Guegan et al., 2016, 2017b). However, another study indicated that avatars with social identity cues
reduced the creative performances (Buisine and Guegan, 2020), which differs from the previous study
and needs to be explored further. Moreover, most of the studies recruited subjects from an engineering
background. It is better to extend similar experiments in different disciplines to identify whether
disciplines affect the choice of creative avatars and whether the choice of creative avatars could
improve the creativity of individuals from different disciplines. Furthermore, social identity cues can
be extended to companies and organisations, instead of focusing on universities, which could help
understand the social identity cues in real teams and improve the creativity, innovation, and
competitiveness of companies and organisations.

For environments, most of the studies conducted experiments based on priming: the activation of
internal mental representations to influence individuals' behaviours, attitudes, and cognitions (Dennis
et al., 2013). Particularly, the experiments conducted by Bhagwatwar et al. and Minas et al. were
sustaining to explore the influences of VE with different 3D objects in enhancing the creativity. Based
on their studies, the most effective creativity enhancing VE was the topic specific VE, and followed by
enriched VE, creative priming VE, and openness VE (Bhagwatwar et al., 2018, 2013; Minas et al.,
2016). In addition, only one experiment used a VR headset and controllers. They proposed that the
level of realism in the environment might have a positive effect in enhancing the creativity, which
might guide researchers to further explore (Hwang et al., 2020).

For interfaces, only one experiment focused on the interface rather than the function, tools, and
technologies of application. The authors verified that the mild place illusion user interface led to
participants to be more creative and higher self-perception of creativity than the full-level place
illusion interface and interface without illusion. Their results are unexpected because a priori is that
people should use the full range of illusions as the best setting to enhance creativity (Gongalves and
Campos, 2018). Moreover, the task during time was unlimited and brainstorming was included in the
creative writing task. It is unclear whether other effects have any influence on the results.

For applications, when VR is integrated with other techniques, it could encourage individuals and
teams to perform better in terms of their interactions, communication, and collaboration. Addressing
communication, researchers have identified that oral communication in virtual brainstorming could
increase the creative performance, such as more numerous and original ideas (Forens et al., 2015),
which can avoid several negative effects caused by written communication, such as interference and
cognitive overload (Paulus and Nijstad, 2003). The rest of the research designed applications and
tested the effectiveness of the application that integrated other technologies to support brainstorming,
thereby improving creative outcomes and creativity (Fominykh et al., 2014; Kutak et al., 2019;
Petrykowski et al., 2019). However, there are research gaps (e.g., facial expressions and eye contact)
that might be explored further. For example, although the application allowed participants to see each
other’s gestures supporting comprehension and understanding, missing facial expressions could have a
negative effect on the comprehension and communication (Petrykowski et al., 2019).

5 CONCLUSIONS AND FURTHER WORK

The study presented in this paper summarised 15 articles focused on using VR in brainstorming to
enhance the creativity. In this study, we aimed to explore VR trends and focus on virtual
brainstorming to enhance the creativity by considering existing studies. Our results confirm that the
variety of factors associated with using VR in brainstorming could enable individuals and/or teams to
generate more ideas and increase their creative performance. On the contrary, using VR on
brainstorming has negative effects to enhance the creativity. For example, wearing head-mounted
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displays led to discomfort, such as motion sickness or nausea, and the low pixel density of
head-mounted displays resulted in distraction and dissatisfaction (Kut'ak et al., 2019).

Although only a few of the reviewed studies devoted specific attention to the application of VR in
brainstorming, we believe that an increasing number of researchers will explore research gaps in the
future. For example, it might be possible to integrate micro-expression recognition (Li et al., 2021) to
capture and recognise facial expressions, and automatically generates them in avatars’ faces in VES.
Moreover, the avatar’s body size, such as its height, not only affects individuals’ behaviours and
emotions (Freeman et al., 2014) but also provides unique perspectives to interact with others and VES
(Nishida et al., 2019), which could affect the individuals’ creativity. Furthermore, only three studies
applied VR devices, which implies that VEs in most of the studies are without highly immersive, and
thus it is better to investigate the influence of the immersion in virtual brainstorming to enhance the
creativity.
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