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The Application and Value of Virtual Reality Technology in
Brainstorming from a Creativity Perspective

LingWu!, Kien T'song Chau?, Wan Ahmad Jaafar Wan Yahaya?
Abstract

Grounded in the 4P (press, process, person, product) Creativity Model framework, this study conducted a
retrospective review of the application of virtual reality (V'R) technology in brainstorming over the past decad.
The findings revealed that V'R conld provide immersive sitnational experiences that fulfill the cognitive needs for
exploratory thinking among brainstorming participants, thereby enbancing brainstorming effectiveness. Through
a literature analysis, this study summarized the specific types of V'R fools, research topics, and interactive devices
utilized in 21 relevant papers on V' R-enabled brainstorming, and discussed their strengths and limitations. The
research indicated that V'R technology conld optimize the divergent thinking and creativity processes inberent in
brainstorming. With technological progress, V'R bas evolved from initially serving merely as an environmental
tool providing immersive sensations, to an important technological means capable of directly intervening in and
modnlating human cognition. Based on the underlying mechanism of V'R technology application in brainstorming,
this study envisioned promising directions for future research aimed at elucidating the greater potential of 1R in
facilitating brainstorming activities.

Keywords : virtual Reality, Brainstorming, Creativity, Collaborative I earning, interactive.
1.0 Introduction

Recent studies have demonstrated that utilizing digital technologies to facilitate the creative
process could be an effective approach (Li, 2021; Stolaki & Economides, 2018). As an emerging
digital tool, virtual reality (VR) has already been incorporated into various stages of the creative
process (Yang & Lee, 2020). Brainstorming, which stimulates creativity through divergent
thinking, is known to be a critical component of the creative process (Baruah & Green, 2023;
Mohd, et al 2022.,). Given that brainstorming entails intensive and flexible creative thinking
activities, the application of virtual reality technology in brainstorming contexts remains in its
nascent stages (Gong et al., 2022). Consequently, the interrelations between virtual reality,
brainstorming, and creativity warrant further systematic investigation.

To elucidate this issue, we carried out a systematic literature review of recent applications of
VR technology in brainstorming, drawing on Rhodes' 4P Creativity Model (1961)
encompassing product, person, process, and press/environment. First, we delineated
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correspondences between cognitive needs arising during brainstorming stages and the technical
capabilities afforded by VR technologies. Next, we analyzed the advantages, limitations,
developmental patterns, and values of specific VR applications in brainstorming contexts.
Finally, we identified promising avenues for continued VR exploration across diverse
brainstorming stages. Rhodes' 4P framework was selected as an analytical lens owing to its
broad applicability for investigating creativity across research domains (Gruszka & Tang, 2017).

The literature review revealed an array of functional support capacities  afforded by virtual
reality technologies in brainstorming contexts, as well as their potential to enhance creativity;
however, the precise mechanisms correlating these three elements remain opaque.
Consequently, while explicating key conceptual matters, the present study is intended to analyze
the inherent interconnections between virtual reality technologies and brainstorming through
the lens of the four “P” framework. Additionally, we will discuss how virtual reality may serve
to elicit richer creative resources throughout the brainstorming process. By constructing a lucid
conceptual framework and engaging in logical reasoning, this study aspires to broaden scholarly
understanding of how virtual reality-assisted brainstorming may foster heightened creativity,
thereby laying the groundwork for follow-up empirical research.

1.1 Creativity

Creativity has been recognized as a vital source of human progress and personal growth
(Maslow, 1962). Within academia, divergent perspectives exist regarding the conceptualization
of creativity, including as an aspect of intelligence (Freeman, 1939), an unconscious process
(Poincaré, 2010), a constituent element in problem-solving (Mansfield & Busse, 1981; Liang et
al., 2022; Tu & Akhter, 2022; Xie, et al., 2022), and a process of associative thinking (Spearman,
1931). Synthesizing across definitions, creativity could be characterized as the capacity to
externalize novel concepts in tangible form, a process which encompasses rich underlying
psychological activities and manifestation through external media (Rhodes, 1961; Yu et al,,
2022). The present study adopts Rhodes’ (1961) 4P Creativity Model, which elucidates the
enhancement of creativity across four key dimensions—Press (environment), Process, Person,
and Product—with interactions among these dimensions giving rise to greater creative output
(Cascini et al., 2022; Gruszka & Tang, 2017; Zhang, et al., 2022).

1.1.1 Press (Environment)

The construct of “Press” delineates the sway exerted by the external environment upon an
individual's inner psychological state (Rhodes, 1961; Zhang et al., 2022). In the course of
generating creative ideation, individuals undertake a sequence of psychological processes
including problem analysis, solution conceptualization, experiential recollection, and idea
integration. Such processes are shaped through a dual influence of one’s lived experiences,
psychological structures, values, and environmental cues (Mazza et al., 2022; Zhang, Akhter, &
Al-Abyadh., 2022). Empirical research demonstrates that the external milieu could impact
individual creativity through diverse mechanisms. For instance, enhancing organizational
climate and refining the work environment have been shown to positively facilitate creative
output at the individual level (Fan & Cai, 2022).

1.1.2 Process

The construct of “process” denotes the progression of cognitive and behavioral operations
integral to creativity, encompassing aspects such as motivation, contemplation, learning, and
communication (Rhodes, 1961). The generation of a wholly novel concept or idea commonly
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undergoes four phases: preparation, incubation, illumination, and verification. These four
stages may recur iteratively until culminating in a creative end product (Rhodes, 1961).
Currently, researchers often deploy vatrious process-driven techniques to catalyze creativity.
Among these, brainstorming represents a prominent approach for engendering creative
ideation, wherein participants are prompted to articulate thoughts freely without evaluation
during initial stages, so as to avert the premature elimination of promising, high-potential
notions (Hu et al., 2012).

1.1.3 Person

The concept of “person” refers to individual characteristics related to creativity, including
personality, intelligence, temperament, habits, and so on (Rhodes, 1961). Certain personality
traits could render individuals possessing those traits more creative and able to generate more
creative outcomes compared to those lacking such traits (Zwir et al. 2022). Some individual
characteristics may enhance one's creativity. For instance, individuals with strong cutiosity and
active thinking patterns are more likely to conceive of innovative ideas (Gross et al. 2020).
When solving problems, decisive and perseverant personalities may enable more focused
thinking, whereas excessively rule-abiding personalities could restrict the development of
creativity. Introverted personalities may inhibit imagination, while open personalities are more
conducive to cultivating creativity (Ismailovich, 2021).

1.1.4 Product

The “product” refers to the creative output itself as manifested in physical form (Rhodes, 1961).
The innovation embodied in the output is indicative of creativity. For creative products to exert
influence, they must undergo evaluation and adoption. The primary criteria for such evaluation
are novelty, usefulness, and originality (Kim & Lim, 2020). The novelty of innovative products
stems from their introduction of entirely new designs or functions that break established
patterns and provide users with a completely novel experience. Usefulness entails the ability of
the product to solve practical problems and satisfy user needs, rather than merely achieving
supetficial innovation. Originality necessitates that the product's design and functions are not
simply copied or plagiarized from others, but rather represent the unique insights and
crystallization of the original designet's creativity.

1.2 Virtual Reality

Virtual reality (VR) refers to a wide range of computing technologies that simulate virtual
environments, allowing users to expetience stimuli through various senses (Gong & George,
2020). Typical VR systems utilize computer-generated three-dimensional (3D) environments
to enable user immersion and interaction within the virtual world. Beyond interactivity and
immersive capabilities, the most overlooked functionality of virtual reality is its ability to
enhance imagination, which could facilitate improved ideation and problem-solving (Burdea &
Coifftet, 2003).

Research on educational applications of virtual reality is burgeoning, with investigations
utilizing VR to promote more creative solutions (Kim et al., 2022; Radianti et al., 2020). To
leverage the potential of VR for enhancing creativity and address theoretical gaps, emerging
research has begun integrating virtual reality into brainstorming sessions to amplify creative
output (Chen et al., 2020). Fields including education, psychology, and engineering have
previously applied virtual reality to cultivate creativity, finding brainstorming in virtual
environments has many advantages (Wang et al., 2022).
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1.3 Brainstorming

Brainstorming is a widely utilized team creativity technique focused on divergent idea
generation (Heslin, 2009). Originally proposed by Osborn in the 1940s (Paulus & Kenworthy,
2019), it requires participants to freely propose as many creative ideas as possible without
judgment or criticism (Heslin, 2009). Typical brainstorming adheres to four core principles: 1)
encouraging the generation of numerous ideas; 2) avoiding premature evaluation of ideas; 3)
promoting unrealistic and unconventional ideas; and 4) building upon and improving others’
ideas (Paulus & Kenworthy, 2019).

Research demonstrates that compared to individual ideation, brainstorming could elicit more
creative ideas (Paulus & Kenworthy, 2019). Member diversity in backgrounds also facilitates idea
generation (Cady & Valentine, 1999). However, limitations exist including production blocking,
evaluation apprehension, and pressures to conform (Dichl & Stroebe, 1987). Potential solutions
encompass taking turns, clarifying evaluation criteria, asynchronous online formats, etc. (Paulus &
Kenworthy, 2019). With information technology advancements, network-based virtual
environments provide broader communication platforms, overcoming time and space constraints
of traditional brainstorming (Siegle, 2020). In particular, virtual reality could generate immersive
situated contexts to promote diverse ideas and solutions (Hu et al., 2016).

3.0 Method

A systematic review conducts in-depth analysis on a specific research topic, providing
theoretical support for current and future research activities in the field (Moher et al., 2009).
Specifically, a systematic review summarizes relevant literature, delineates the state of
knowledge on the research topic, discusses existing problems, and proposes recommendations
for subsequent research directions (Moher et al., 2009). This study follows the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines (Moher et
al., 2015) to formulate the systematic review research question as followed:

(1) As of July 2023, what types of tools has VR served as to support applications in
brainstorming from 2013 until now?

(2) How have the advantages and limitations of virtual reality technology in brainstorming
enhanced creativity?

3.1 Search Strategies and Techniques

During the literature search process, we constructed relevant keywords pertaining to the research
topic, specifically searching academic databases using the terms "virtual reality" and "brainstorming”
in titles. The search scope covered the Scopus and Web of Science databases, including literature
published before July 2023. Preliminary search results showed 73 related articles in Scopus and 55
in Web of Science. After removing duplicates, we screened the results based on the following preset
inclusion and exclusion critetia: Inclusion criteria were (1) full text is in English; (2) document type
is journal article, while abstracts, tutorials, posters, presentations, etc. were excluded; (3) study
provides empirical data demonstrating experiments utilizing virtual reality technology for
brainstorming and the content is relevant to creativity research.

3.2 Descriptive Results Summary of Included Studies

After review, 106 articles were excluded. Specifically, 55 were duplicates, 2 were published
without English, 2 were published as abstracts or notes, 6 were reviews without empirical
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evidence, 19 did not use VR in brainstorming tasks, and 23 were irrelevant to creativity.
Therefore, 21 articles were included in the systematic review. Figure 1 demonstrates the process

of article screening and selection.

n=128
- Duplicate Articles
Excluded » Final Number of
l Articles
l l Repetitive
WoS Scopus n=55 Eannl-h Non- - Nlotl .
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Figure 1: Schematic of the System Review Selection Process.
4.0 Descriptove Results Summary of Includes Studies

This research area is relatively new, with the earliest article published in 2013 (Bhagwatwar et
al., 2013). 2020 (n = 6) and 2018 (4 articles) were the years with the highest number of
published papers. The role of virtual reality in enhancing creativity has garnered attention from
researchers in countries including France, the United States, Japan, and Germany. French
researchers have been the most active in this field. Research topics are primarily concentrated
in psychology (n=4), human-computer interaction (n=4), and innovation management (n=3).
The number of participants in the studies ranged from 6 to over 100, with most participants
being adults (n=19), particularly university students (n = 14).

4.1 VR Devices in the Research

Two studies utilized HTC VR devices (Ide et al. 2020; Kut’dk et al. 2019). Two others used
Oculus VR devices (Petrykowski et al. 2018; Pituxcoosuvarn et al., 2021). One study did not
provide device information, but graphics indicate a standalone VR headset was used, although
the brand is unclear (Hwang et al. 2020). In most studies (n = 9), patticipants were situated in
a single space interacting in 2D via one computer (Bhagwatwar et al., 2013; Bhagwatwar et al,,
2018; Bonnardel et al., 2016; Bonnardel & Pichot 2020; Bourgeois-Bougtine et al. 2018, 2020;
Buisine & Guegan 2020; Gelner et al., 2023; Guegan et al. 2016, 2017; Minas et al., 2016;
Gongalves & Campos, 2018; Forens et al., 2015; Morozov et al.,2014); Morales et al., 2020;
Strohmann et al., 2017). We could therefore infer that highly immersive hardware was lacking
in most virtual environments used.

4. 2 Advantages and Limations of VR in Brainstorming Application

At present, the application of virtual reality technology in idea stimulation has spawned many
solutions aimed at enhancing creative thinking. From a problem-solving perspective, although
these solutions vary, they point toward the same goals and developmental trajectories.
Technologically, the various application examples share some key technical features and build
upon these continuously. This study reviewed and analyzed 21 past studies on virtual reality in
brainstorming (see Table 1), categorized them based on the 4P Creativity Mode, and explored
the instrumental role of virtual reality technology in idea stimulation, influential factors, as well
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as its advantages and limitations in brainstorming. In addition, this study analyzed application
development trends and patterns of change, along with potential trajectories for integrating
virtual reality with brainstorming.

4.2.1 Press

Communication Environment Tool. Virtual reality (VR) has been applied in brainstorming
activities as a communication environment tool. Bourgeois-Bougrine et al. (2018) explored
whether multi-user virtual environments could enhance the creativity of individuals with
different creative potential profiles. In the experiment, 20 groups of 3 public transportation
users each completed brainstorming tasks in real and virtual environments. Participants'
creative potential was assessed using a creative potential profiling tool. At the team level, the
virtual environment generated significantly more ideas and originality compared to the real
environment. However, the creativity enhancement effect of the virtual environment was
inconsistent across individuals. Participants with high risk-taking propensity performed better
creatively in the virtual environment, while divergent thinking and mental flexibility had
positive impacts on fluency in the virtual environment. This study emphasized that virtual
environments may not unlock everyone's creative potential, with significant individual
differences. In contrast, Hwang et al. (2020) conducted a preliminary experiment comparing
virtual reality (VR) and mixed reality (MR) impacts on collaborative creativity, with participants
brainstorming about saving water and energy. Researchers speculated that the level of
environmental realism may influence creative thinking. Participants reported being unable to
feel a sense of collaborating with real people in the virtual environment, which may explain the
lack of logical connections between participants.

Gelner et al. (2023) similarly concluded that virtual environments are not always optimal. They
surveyed 42 business school students who had experienced both face-to-face and virtual
meetings in MBA courses. Results showed that in conceptualization stages mainly involving
brainstorming, most students considered face-to-face meetings more effective. However, both
modalities were comparable in research/preparation and report writing stages. Since the first
project phase emphasized brainstorming, students found face-to-face meetings more effective
for enabling better teambuilding and communication richness. But if projects contained
minimal brainstorming, differences were insignificant. Face-to-face was also seen as more
effective if projects concluded with presentations. Pituxcoosuvarn et al. (2021) compared
virtual reality (VR) brainstorming and online whiteboard brainstorming impacts on student
creative thinking. They found no significant differences in the quantity or quality of ideas
generated within the same timeframe. As students were more familiar with online whiteboards,
they considered VR less user-friendly, taking longer to attach sticky notes and write in VR.
Thus, they preferred the online whiteboard. However, researchers believed VR brainstorming
has the potential to elicit more high-quality ideas if students become more accustomed to VR.

4.2.2 Process

Avatar Tool. In virtual environments, participants could communicate and collaborate
through different virtual avatars. Bonnardel et al. (2016) explored the impacts of dynamic
avatars (played by researchers) versus static avatars (containing only text and images) on
collective creative design. They had two professional groups (designers and human factors
engineers) conduct creative tasks in Second Life, with one group using dynamic avatars and
the other static avatars. Results showed the dynamic avatar group generated slightly more ideas
and originality than the static group, with somewhat higher collaboration quality. Both
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professional groups also outperformed a control group of just three non-expert participants in
creativity. In a follow-up study, Bonnardel and Pichot (2020) assigned 102 students into two
groups to undertake creative tasks in Second Life. The dynamic avatar group scored
significantly higher in creative quality, empathy, and collaboration quality compared to the
static avatar group. This approach could help designers deeply understand users and actively
gather information. These two studies demonstrate some advantage of dynamic avatars in
virtual environments for collective creative design, but more research is needed to substantiate
effects since the method is quite novel. The application prospects in vatious virtual
collaborations are promising if the challenge of generating high-quality dynamic avatars could
be overcome.

On the other hand, Buisine and Guegan (2020) experimentally investigated the impacts of
personal identity cues (e.g. inventor persona avatars) and social identity cues (e.g. school
uniforms) of virtual avatars on brainstorming performance. Compared to plain avatars, creative
personas increased fluency and originality, but adding social identity cues weakened this effect.
Although social identity cues increased group identification, they unexpectedly decreased
creative performance. Social identity cues may have negative effects if their meaning
mismatches creativity, warranting further research on impacts of different types. Another
experimental study also examined influences of different virtual avatar types on engineers'
brainstorming (Guegan et al., 2016). Compared to plain avatars, creative personas with inventor
features increased participant fluency and originality. This effect also persisted over time,
remaining present in subsequent face-to-face brainstorming. Limitations of virtual avatar
applications include unclear cognitive mechanisms producing the effects (e.g. self-perception)
and the need to design and validate creative personas for different populations. Further
research is thus needed to fully harness this effect, such as elucidating mechanisms and
expanding to diverse groups.

4.2.3 Person

Priming Tool. Bhagwatwar et al. (2013) compared differences between various types of virtual
reality environment priming techniques. They utilized 3D objects for situational priming, i.e.
virtual reality environments with specific themes relevant to their brainstorming tasks (reducing
pollution and increasing tourism). By embedding different visual priming elements in the virtual
environments, results found appropriately designed virtual environments could enhance team
brainstorming performance by stimulating broader associative thinking.

Bhagwatwar et al. (2018) further examined the impacts of using 3D objects for situational
priming in virtual environments on team brainstorming performance and creativity.
Researchers applied the “priming” theory in cognitive psychology, where words and images
could activate participants’ mental associations regarding a concept. In virtual environments,
relevant 3D priming objects could be displayed during task performance for “contextual
priming.” Using an experimental approach, the study compared team brainstorming
performance in virtual environments with and without priming objects. Results showed teams
generated higher quality ideas with greater breadth and depth in virtual environments
incorporating 3D priming objects. This demonstrates direct impacts of priming element
designs in virtual environments on team performance. Activation of the target concepts and
heightened task engagement are proposed underlying mechanisms of the influence. However,
the study notes different types of priming object designs, and their mechanisms require further
research, and VR environment effects diminish over time due to limited duration. Overreliance
on priming tools may cause mental fixedness, restricting creative ideation.
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Cognitive and Behavioral Research Tool. Utilizing VR to observe and analyze participants’
cognitive and behavioral patterns during brainstorming. Forens et al., (2015) conducted a study
on the impacts of different communication modes in brainstorming on group creativity,
assigning 66 students into text communication and voice communication groups. Results
showed the voice communication group generated more and more original ideas. Related
discussions propose text communication could cause cognitive interference, while voice
communication is more spontaneous and efficient. Appropriate communication modalities
may enhance team creativity in virtual environments, but more research is needed to determine
best practices. Gongalves and Campos (2018) proposed a virtual reality interface design
concept called “subtle place illusion” that employs VR to construct new user interface
paradigms. They examined the effects of varying degrees of place illusion on creative writing
in different virtual environments, noting moderate place illusion improves self-perceived
creativity. Using creative fiction writing as the task, they designed three writing environments
with no, subtle, and full virtual reality. Overall, the degree of virtual reality impacted creativity,
with moderate subtle virtual reality superior to full immersion. This provides new perspectives
for designing creativity-enhancing virtual environments.

Meanwhile, Bourgeois-Bougrine et al. (2020) showed individual traits also influence participant
creativity in virtual environments. At the team level, virtual environments increased fluency
and originality. But not all individuals benefited equally. Participants with high risk-taking
propensity, divergent thinking, and mental flexibility performed better in virtual environments.
Overall, compared to traditional lab settings, virtual reality provides higher fidelity and
immersion for various cognitive and behavioral experiments, aiding researchers in thoroughly
exploring and validating factors influencing human cognition and behavior such as emotions,
personality, social influences, etc. (Guegan et al. 2017). However, current related studies have
relatively small sample sizes, with generalizability of conclusions still needing further testing,
and explanations of cognitive mechanisms in virtual environments remain insufficient. Future
research in this area should conduct larger-scale experiments in virtual reality to improve quality
and incorporate more diverse experimental variables in virtual settings to enable more
compelling scientific investigations.

In another study, Morales, Yamamoto, and Tsujino (2020) proposed the concept of “subtle
spatial illusion” and found through experiments that moderate spatial immersion in virtual
environments could increase users’ self-perceived creativity, holding importance for designing
creativity-targeted virtual environments. Adopting a creative writing task, the study conducted
a multi-angle quantitative and qualitative analysis of user creativity across different virtual
environments, validating the optimal effects of subtle spatial illusions. Despite some limitations,
this finding provides a novel perspective for promoting creatively designed virtual
environments. Moreover, compared to physical environments, 3D virtual environments could
be more readily customized, priming a concept through environment design to improve
individual and team performance. One study designed two different virtual environments, one
open and one enclosed, with the open environment aimed at eliciting “open-mindedness” to
broaden participant attentional scope (Minas et al., 2016). Results showed teams generated
more and more creative ideas in the open environment, demonstrating environment design
improved team creativity. This study holds significance in showing cognitive priming through
virtual environment design could enhance team performance, providing new directions for
related research. Of course, VR brainstorming has some pros and cons, such as customizability
benefits and lack of face-to-face communication. Optimization of aspects like interface design
and member interaction could leverage VR advantages.
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Gesture Interaction Tool. In virtual environments, natural gesture interactions could provide
more intuitive and effective support for communication and understanding between users. Ide
et al (2020) found introducing appropriate gesture interactions could markedly improve
understanding and collaboration between participants in virtual environments. Given
communication constraints in virtual environments, and many social VR platforms allow
symbolic gesture options for expressing intents which are scarcely studied, researchers designed
three brainstorming conditions: face-to-face, VR with gestures, VR without gestures. Groups
of 3 participated in 10-minute brainstorms, with analysis of objective data like idea quantity,
participation level, gesture frequency, and subjective questionnaire feedback. Although no
significant idea quantity differences emerged, the gesture condition showed the highest average
production. Subjective feedback indicated participants felt gestures better expressed intents
and emotions. Networked Minds Social Presence questionnaire behavioral interdependence
factors showed significant differences between “gesture” and “no gesture” conditions,
suggesting gestures increased social presence. Overall, remote virtual communication reduces
social presence, but thoughtfully designed symbolic gestures could mitigate this problem.
Considering the small sample size and equipment limitations possibly influencing results, future
research could employ more realistic environments and avatars, larger samples, diverse
populations, and gesture designs. Explanations of the mechanisms were insufficient in this
study. Future work could manipulate more mediating variables, incorporate physiological or
neural metrics, and test variable relationships through statistical models to obtain more reliable
causal conclusions. This research provided foundational evidence for understanding virtual
gesture effects, but broader investigations are needed for comprehensive understanding. Future
research could explore designing gestures aligning with human cognitive expectations and
conventions and examine specific effects of different gestures on understanding and
collaboration. While gesture interactions enable more natural and intuitive communication,
technological implementation with greater accuracy and stability also poses challenges,
necessitating cognitive load-conscious interaction design.

4.2.4 Product

Virtual Facilitator Tool. To assist and promote collaborative creativity like remote team
brainstorming, some research has explored incorporating virtual facilitators in virtual
environments. Strohmann et al. (2017) designed a web application called brAlnstorm for
computer-mediated electronic brainstorming. The system includes an intelligent facilitation
agent (IMO) capable of various brainstorming facilitator functions like orchestrating stage
procedures and providing stimuli. Researchers used artificial intelligence techniques like natural
language processing and machine learning to enable IMO to recognize language, learn user
preferences, and accordingly automate brainstorming processes. For instance, IMO could
detect killer phrases and intervene, or provide new perspectives when discussions stall.
Researchers extended GitHub’s Hubot chatbot and integrated wit.ai's natural language
platform to implement IMO's interactive capabilities. Evaluation plans involved expetimentally
validating IMO's effects and case studies applying it in design thinking projects. This virtual
facilitator tool advantageously automates collaboration efficiency improvements and could
reduce social anxiety and improve engagement compared to face-to-face communication,
providing a new perspective for human-computer interaction research. However, its
intelligence level and interaction forms still need optimization.

Collaborative Sharing Product Tool. Some researchers have leveraged VR technologies to
develop multiplayer collaborative virtual whiteboard products where participants could interact
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and operate the virtual whiteboard through their virtual embodied presence to collaboratively
generate more creative ideas (Morozov et al., 2014; Petrykowski et al, 2018). Participants also
noted lack of facial expressions, inaccurate or unrealistic digital representations were
inconvenient and unsatisfying (Petrykowski et al., 2018). These cases demonstrate the potential
of immersive virtual environments to further facilitate team member collaboration and
information sharing compared to traditional remote collaboration, serving as new platforms
for collaborative creativity activities like brainstorming. Another study created an interactive
multi-user mind map product tool in a virtual environment, enabling team members to
organically construct and organize ideas together in virtual space and discuss and vote on the
mind map (Kut’ak et al., 2019). This virtual collaborative mind mapping overcomes physical
sticky note conveniences and storage limitations, providing teams a more natural and
immersive collaborative experience (Monahan et al., 2008).

Table 1: Summary of Reviewed Articles.

Categorical Activity Type of tool Author Research Content
Bourgeois-Bougrine An investigation into the influence of multi-user
et al., (2018) virtual environments on individual creativity.

A comparison of face-to-face offline and virtual
Gelner et al., (2023) environments regarding their impacts on team

An appropriate .
Pprop L collaboration.
environment Communication - - —
Press . . Exploring collaborative creativity in virtual and
stimulates Environment Tool

Hwang et al., (2020) mixed realities to generate innovative ideas for
water and energy conservation.
A comparative study on how VR and web-based
>online whiteboarding brainstorming meetings
affect students' creative thinking.
An examination of the differential impacts of
dynamic versus static virtual characters on
patticipants' performance in creative design tasks.
Dynamic and static virtual characters enabled
4 Bonnardel and participgnts to interact in real-time Wit}:l avatars
Stimulate and Pichot, (2020) embodying archetypal future users, while
foster enhanced ’ providing relevant user information throughout
Process A Avatar Tool :
creativity in the the creative process.
process

creativity potential.

Pituxcoosuvarn et al.
(2021)

Bonnardel et al.,

(2016)

Buisi An empirical investigation into how fluctuations
uisine and Guegan, . Fidentity in virtaal envi ffect
(2020) in s;] identity in virtual environments affec

brainstorming creativity.
An inquity into how avatars as virtual
Guegan et al., (2010) representations of self could serve as mediums to
catalyze creativity.
Utilizing “priming” techniques in VR
Bhagwatwar et al., environments to manipulate unconscious
(2013) cognition and behavior in order to optimize team
Ptriming Tool brainstorming performance.
Leveraging 3D objects for priming in virtual
reality environments to enhance performance in
brainstorming creativity tasks.
Assessing the potential of multi-user virtual
Bourgeois-Bougtine environments (MUVEs) to augment user
et al., (2020) creativity, with a focus on the role of personality
traits like risk-taking propensity.

Bhagwatwar et al.,
(2018)

Personality and
Person characteristics
influence creativity

Cognitive and Evaluating how different communication
Behavioral Research modalities impact the creative performance of
Forens et al., (2015) pac . pertormance ¢
Tool groups undertaking brainstorming activities in

multi-user virtual environments (MUVEs).
Leveraging a social identity approach to compare

Guegan et al., (2017) group performance in face-to-face and virtual
brainstorming environments.
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Categorical Activity Type of tool Author Research Content
Deploying environmental cues and priming
Minaset al., (2016) techniques in virtual environments to modulate
participants' cognitive processes.
Facilitating effective discussion and collaboration
around artistic concepts during remote
storyboarding brainstorming sessions by creatives
with diverse narrative abilities.
A study investigating the influence of varying
levels of place illusion in virtual environments on
creative writing performance.
Gesture Interaction d An analysis of the role and influence of symbolic
e et al., (2020) . o
Tool gestures in VR communication.
Optimizing remote brainstorming collaboration
through interaction design innovations in virtual
facilitators.

Moraleset al., (2020)

Gongalves and
Campos, (2018)

Virtual moderator Strohmann et al.,
Tool (2017)

Conceptualizing virtual reality mind guides to
Kut’dk et al., (2019) support collaborative activities like
Product  Generated product brainstorming.

Collaborative Product ~ Morozov etal,,  Exploring applications of VR technologies for
Sharing Tool (2014) facilitating creative collaborative activities.

VR whiteboards designed to emulate real work

environments for collaborative work and

application of design thinking methodologies.

Petrykowski et al.,
(2018)

4.2.5 Key Takeaways from the 4P Analysis

This study systematically introduced the instrumental role of virtual reality technology in
brainstorming and analyzed the advantages and limitations of virtual reality technology in
brainstorming (Table 2). However, to promote technological developments in the design field,
seeking information solely within current development contexts is far from sufficient.
Therefore, this study analyzed the developmental trajectories and trends of virtual reality from
a broader scope anchored in time, aiming to gain an in-depth understanding of the evolution
and changes in integrating virtual reality with brainstorming.

Table 2: The Advantages and Disadvantages of VR Technology in Brainstorming.

Categorical Type of tool Advantages Disadvantages
. Improve the efficiency and . .
Communication P . L Lack of logical connection
Press L distance of information ..
vironment Too . etween the participants
Environment Tool municati between the patticipant:
communication
Expand the participants' senso High quality and low cost dynamic
Process Avatar Tool p particip . ™Y avatar generation is a difficult
g
and psychological experience
’ problem
Provide novel heuristic methods to The duration of a VR environment
Priming Tool stimulate participants’ innovative is limited, and the effect will
thinking gradually decay
Person Cognitive and BehavioralEnhance patticipants' creativity,  The technical precision is
spatial awareness and reflective insufficient, and the drawin,
Research Tool p i &
ability method is difficult to master
Gesture Interaction Tool Interaction is more intuitive and ~ Accuracy and stability may affect
natural the user experience
Compared to face-to-face The level of intelligence and the
g

Virtual Moderator Tool communication could reduce socialform of interaction still need to be
anxiety and increase engagement  optimized

Product Information collection and
Collaborative Product Promote information sharing and processing capacity is insufficient,
Sharing Tool enhance cooperation efficiency  lack of comprehensive resource
base
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4.3 Development and Changes of VR in Brainstorming

Virtual reality technology and brainstorming activities are showing an increasingly integrated
trend. Specifically, the number of VR research and applications in brainstorming formed two
distinct peaks in 2018 and 2020 (as shown in Figure 2). We speculate that the first peak around
2018 may be related to the rapid advancement of 3D computing and visualization technologies
at that time. The promotion of these emerging technologies provided opportunities for the
emergence of various new design tools and methods. The second peak is closely related to the
widespread use of consumer VR devices around 2020 (when Oculus Quest 2 was released). In
this new stage, research focuses more on VR as an emerging technology and human behavioral
research tool, and how it affects and improves the brainstorming process, rather than just
emphasizing the advantages of VR technology itself. From the 4P perspective, the development
of VR applications in brainstorming is imbalanced. As can be seen from Figure 3, the topics of
creativity generation and evaluation under "Person" have always been the main research focus
of VR applications. The development of these two types of applications is almost synchronous
with that of VR technology.

By analyzing virtual environment research in recent years, we find that although high-end VR
devices like Oculus Quest 2 could provide users with high-definition display and immersive
interaction experience, many studies still chose lower-performing hardware due to budget
constraints. As a result, the virtual environments built in these studies still have shortcomings
in visual effects, motion tracking, and haptic feedback, and could not provide users with a high
level of immersion. Therefore, if researchers could obtain more resources to upgrade devices,
they would be able to build more realistic and natural virtual environments to truly leverage the
advantages of VR technology for research. We look forward to continued progress in virtual
environment technologies in the future, so that more researchers could obtain high immersion
at low cost without hardware constraints.

£+ Communication Environment Tool 3
g

Avatar Tool
Priming Tool

Cognitive and Behavioral Tool

: g Gesture Interaction Tool

Virtual Moderator Tool

1 Collaborative Product Sharing Tool 1 ‘

0
2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Figure 2: A Stacked Area Graph Depicting the Amount of VR Applications Distributed
Across Various Tool Types from 2013 to 2023.

4.3 Technical Value of Vr Applications in Brainstorming

Figure 3 shows the value and expected integrality of practice-based VR in brainstorming, with
the four main areas represented by red, green, yellow, and blue circles. The largest blue circle
represents the application of VR technology to personnel (Person), while the red, green, and
yellow circles represent the application of VR technology to process (Process), product
(Product), and environment (Press), respectively. Through analysis of 21 studies, this research
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concludes that virtual reality technology demonstrates certain value across these 4 domains.
Thus, a Venn diagram could represent these four concentric circles. The rectangles within the
circles represent the realized and potential value of VR applications. As a value summary, VR
tool types are also shown in the center of the figure as a few small squares representing the
number of applications listed in Table 1.

Currently, the value of VR technology in enhancing creativity in brainstorming is the most
salient and intuitive, as it could provide participants with more inspiration sources. Reviewing
the development over the past decade, we could see that the "Person" theme of individual
personality research has received the most attention, while the other three types of themes have
received relatively equal attention. There is great potential for growth in focusing on the theme
of "Person" personality characteristics, as this value continues to increase with big data and Al
technologies. The flexibility and diversity of VR enables richer and more varied research in this
domain.
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Figure 3: Technical Value of Vr Application in Conceptual Design.
5.0 Results

Through reviewing virtual reality technology applications in brainstorming, this study identified
from a brainstorming perspective new trends in integrating and developing virtual reality
technologies to enhance creative performance:

Cognitive Needs. Brainstorming involves highly complex thinking activities requiring strong
associative abilities, imagination, and innovative thinking. Virtual reality could fulfill these
cognitive needs through immersive environments. Specifically, virtual environments provide
scenario experiences with high immersion, triggering participants' multisensoty petceptions.
This not only enriches the material input of brainstorming, but also broadens participants'
thinking scope by inducing a state of flow, helping break fixed experiential patterns. Research
shows appropriate levels of environmental immersion could enhance participant imagination
and thought fluency. However, overreliance on virtual environments also has negative impacts.
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Some studies find it is difficult to establish effective logical connections solely through virtual
communication, with a lack of tension and collision between participants. Therefore, virtual
immersion needs to be moderately combined with real communication, providing customized
scenario experiences while incorporating focused logical discussions at key nodes, enabling
thinking that is both openly fluid and rationally focused to fully leverage both advantages.
Future work may develop hybrid interaction modes balancing the immersion of virtual
environments and communication efficiency of real environments.

Optimizing Creativity. Virtual reality provides brainstorming with various new
communication forms that could effectively optimize the creative process. First, virtual
personas allow participants to exhibit diverse personalities through different virtual roles.
Studies show such identity shifting could increase participant proactivity and openness. Second,
applying virtual gestures makes communication more intuitive, enabling participants to quickly
gesture ideas. Such new forms play a positive role in mitigating the lack of nonverbal
communication in virtual environments. However, the reliability and usability of these
technologies still needs improvement, with potential misrecognition or interaction difficulties
increasing cognitive load in current applications. Next steps should continue optimizing these
interaction technologies, lowering user thresholds while ensuring communication quality.
Future research may develop natural gesture recognition and high-fidelity virtual character
rendering technologies to dramatically enhance virtual communication effects.

Facilitating Collaborative Work. Virtual reality platforms support geographically and
culturally dispersed brainstorming teams, possessing strong connective power. Team members
could use various shared tools like virtual whiteboards and 3D mind maps in the virtual space
for idea organization and communication. Compared to traditional meetings, this form is more
inclusive, reducing social anxiety and making participants more willing to actively voice
opinions. However, virtual collaboration also faces some quality loss such as visual detail
degradation and echoing. In addition, fully virtual remote brainstorming encounters
communication difficulties. Therefore, a balance should be sought between online virtual and
offline face-to-face meetings to leverage their respective strengths. Occasional offline subgroup
discussions could also be incorporated to build member relations. Future work may combine
VR, AR and sensing technologies to create higher-fidelity hybrid interaction modes.

Process Management. Virtual reality could apply various intelligent tools to optimize
brainstorming process management. For instance, virtual facilitators integrating speech
recognition, natural language processing, and machine learning could automatically analyze
speech and orchestrate discussions. Virtual facilitators could systematize stage transitions while
providing new perspectives when discussions stall. In addition, through analyzing user data,
virtual facilitators could provide personalized guidance. However, existing tools lack natural
human-computer interaction. Next steps should continue enhancing interaction modes,
developing multisensory communication and emotional computing capabilities to create
intelligent, high-fidelity virtual facilitators.

6.0 Conclusion and Discussion

This study reviewed the related literature on the application of virtual reality (VR) technology
in brainstorming over the past decade. Based on the 4P Creativity Mode, the 21 selected papers
wete categorized into four classes. Each study's VR application was examined and classified
into different tool types. This paper analyzed the advantages and disadvantages of applying VR
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technology to brainstorming, while considering development methods of VR applications and
impacts of different creativity types. The number of VR research and applications in
brainstorming reached peaks in 2018 and 2020, consistent with technological breakthroughs
and industrialization of VR devices, highlighting the driving effect of technological innovation.
The study also found VR technology characteristics' importance depends on users’ cognitive
demands. Additionally, this study discussed potential future development directions of VR
technology in brainstorming, including aspects of cognitive demands, optimizing creativity,
assisting collaboration, and process management. These trends could help participants better
understand the role of VR in brainstorming and develop more efficient and meaningful VR
applications.

This study has some limitations in fully covering all meaningful research literature. Although
some data supported the arguments, limited quantitative research means results may have
subjectivity. Specific numerical data helped identify trends and patterns but could not
accurately reflect related literature quantities in each category. Future studies could improve
objectivity by expanding sample sizes and adopting more rigorous quantitative methods.
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