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Abstract

This chapter presents on-going research dedicated to augmenting creativity through innovative
technologies. Our hypotheses draw on the pros and cons of the Brainstorming paradigm to
strengthen the former and overcome the latter. The main efficiency factors we are trying to support
are Cognitive stimulation, Social comparison, and Group facilitation, while trying to circumvent
Production blocking, Social loafing, and Self-censorship. The first technology reviewed is Electronic
Brainstorming Systems: it was shown that such devices enable groups, even large ones, to avoid
production blocking. However, it may also increase social loafing, which is detrimental to creativity.
We then introduce Interactive Tabletop Brainstorming with which groups can conciliate individual
reflection, idea sharing, and social setting. We show that this technology reduces social loafing and
we provide interface designs that further support cognitive stimulation, social comparison and group
facilitation. This series of experiments also highlight a new efficiency factor for creativity, namely the
Fun factor: the use of innovative technology in itself introduces playfulness, which seems to increase
engagement and creative performance. Finally, we report on a recent series of experiments exploring
Avatar-Mediated Creativity as a means to counter self-censorship through anonymity and enhance
creativity through avatars’ appearance. The results confirm that the choice of avatars in virtual
brainstorming greatly influences creativity through processes such as self-perception, priming, and
social identity. In many respects, avatars and virtual environments offer a new promising tool to
support group creativity. We conclude on the potential impact of these findings on real-world
innovation challenges.
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Introduction

Brainstorming remains one of the most widely used creative problem-solving approaches in group.
This method was imagined by advertising executive Alex Osborn (1953) to help his collaborators
reach higher levels of creativity. Osborn’s first insight was to identify two antagonist mechanisms
competing within the creative process, namely ideation and evaluation. Ideation relies on divergent
thinking and consists in generating ideas, whereas evaluation supports convergent thinking and idea
selection. In many respects, evaluation (e.g. “that’s impossible / too expensive / ridiculous”)
interferes with ideation and acts as idea killer in the group (censorship) but also within one’s own
creative process (self-censorship). Therefore, Osborn’s proposal to improve creativity consists in
separating ideation and evaluation in time: in a brainstorming, participants should strive to defer
judgment while generating ideas, and evaluate the pool of ideas only when the time has come. Four
rules are provided to help participants suspend evaluation during ideation: Withhold criticism,




Welcome unusual ideas, Quantity breeds quality and Combine and improve ideas. Subsequent
research aiming to substantiate this method confirmed the efficiency of the four rules, since
brainstorming sessions were shown to produce more creative ideas with than without the rules
(Parnes & Meadow, 1959; Turner & Rains, 1965; Weisskopf & Eliseo, 1961). It was also observed that
the presence of a facilitator (in particular an expert one), whose role is to ensure that the rules are
respected, further enhances creativity (Kramer et al., 2001; Offner et al., 1996; Oxley et al., 1996;
Paulus et al., 2006).

The brainstorming framework was also used in a considerable body of research to better understand
the underlying processes of group creativity. For example, the exposure to other participants’ ideas
was shown to enhance individuals’ creativity: this is termed Cognitive stimulation (Dugosh & Paulus,
2005; Dugosh et al., 2000; Nijstad et al., 2002). Besides, the possibility to compare one’s own
performance to the others’ was also shown to increase creativity through Social comparison (Dugosh
& Paulus, 2005; Bartis et al., 1988; Harkins & Jackson, 1985; Michinov & Primois, 2005; Paulus &
Dzindolet, 1993). However, several characteristics of the brainstorming method also appeared to be
detrimental to creativity. For example, a major shortcoming of spoken brainstorming sessions is the
necessity of managing speech turns: each participant has to wait his turn to give an idea, and only
one idea can be given within a turn. This severely interferes with ideation process (Nijstad et al.,
2003) and results in Production blocking (Michinov & Primois, 2005; Diehl & Stroebe, 1987). Social
loafing proved to be another key issue: in brainstorming groups, some participants tend to under-
contribute in comparison to a situation where they would brainstorm alone (Harkins & Szymanski,
1988; Karau & Hart, 1998; Karau & Williams, 1993; Serva & Fuller, 1997), and other participants tend
to over-contribute (Social compensation — Williams & Karau, 1991; McKinlay et al., 1999). The
simultaneous occurrence of social loafing and social compensation results in the emergence of
leaders and laggards in the group. Finally, despite brainstorming rules, Self-censorship remains a
barrier to creativity (Williams, 2002). To summarize, Table 1 provides an overview of known
efficiency and inefficiency factors of group creativity.

Efficiency factors for Group facilitation (Brainstorming rules + facilitator)
group creativity Cognitive stimulation
Social comparison
Inefficiency factors for Production blocking
group creativity Social loafing
Self-censorship

Table 1: Efficiency and inefficiency factors highlighted by research on brainstorming.

Using technology to improve group creativity

Research on group creativity aims to provide tools based upon the aforementioned efficiency factors
(or even strengthening them) while overcoming the inefficiency factors of the brainstorming method.
This can be achieved through methodological and/or technological means. Hereafter we provide
examples of technology-supported creativity tools and show how they are likely to enhance group
creativity.

Electronic Brainstorming Systems

Production blocking may be the easiest factor to counteract since it only requires switching from the
spoken to the written channel for idea generation. The term Brainwriting (Heslin, 2009; Paulus &
Yang, 2000) is sometimes used to refer to the technique of silently sharing ideas by writing them on




paper or on digital notes. The latter can be done through an Electronic Brainstorming System, which
consists in having the participants simultaneously generate ideas on computers networked together
(Dennis & Williams, 2002). Electronic brainstorming proved to effectively supports group creativity:
the same brainstorming rules apply and facilitator’s task is made easier since the written channel is
less prone to involuntary evaluation from participants. Moreover, it also supports cognitive
stimulation by providing an increased attention to others’ ideas (Michinov, 2012): it is indeed easier
to read a large number of ideas on a computer screen than on e.g. sticky notes on a wall. Social
comparison also applies to electronic brainstorming situations (Dugosh & Paulus, 2005; Michinov &
Primois, 2005) and anonymity decreases evaluation apprehension (Nunmaker et al., 1991), which in
turn may reduce self-censorship. Finally, electronic brainstorming avoids production blocking, which
enhances idea production (Dennis & Valacich, 1993; Gallupe et al., 1991, 1994; Kerr & Murthy, 2004;
Valacich et al., 1994), and this benefit was shown to increase with group size (Dennis & Williams,
2002; DeRosa et al., 2007; Paulus et al., 2013).

Table 2 summarizes the effects of electronic brainstorming systems: the efficiency factors previously
identified in the literature are all supported, and a new one appears, namely group size. Regarding
inefficiency factors, production blocking is avoided and self-censorship reduced. However, electronic
brainstorming does not solve the problem of social loafing, and even increases its detrimental effects
because group membership and sense of belonging are lower in this context (McKinlay et al., 1999).
Following this pattern of results, we sought a compromise between electronic brainstorming and a
setting enabling higher group awareness. This attempt led us to study the effects of interactive
tabletop brainstorming systems, as developed in the following section.

Support provided by
Electronic Brainstorming
System

Efficiency factors for Group facilitation

group creativity Cognitive stimulation

Social comparison

Group size

Inefficiency factors for | Production blocking

group creativity Social loafing

Self-censorship
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Table 2: Effects of Electronic Brainstorming Systems on efficiency and inefficiency factors of
brainstorming.

Interactive Tabletop Brainstorming

Interactive tabletop systems are multi-user horizontal interfaces (Fig. 1). They implement around-
the-table interaction metaphors allowing collocated collaboration and face-to-face conversation in a
social setting (Shen et al., 2006). Interactive tabletop systems are particularly well suited for group
creativity: in addition to supporting electronic idea generation, they provide sharing and visualization
facilities on the table, enabling group members to do without individual computer screens. For this
reason, they are expected to increase group awareness. To substantiate this assumption, we
conducted a series of experiments using tabletop brainstorming systems, so as to understand the
impact of the around-the-table form factor, of the digital nature of the tool, and of particular
interface features on group performance.




Fig. 1: Example of an interactive tabletop brainstorming system (Schmitt et al, 2012).

As a first step, we compared interactive tabletop brainstorming with pen-and-paper brainwriting in
several conditions. These experiments highlighted the importance of the around-the-table form
factor to group performance, both in interactive and in pen-and-paper conditions (Buisine et al.,
2012). More precisely, we observed groups of four members brainstorming around a table or in front
of a vertical surface such as a flipchart. When group members were gathered in front of the flipchart,
they exhibited high social loafing and high inequity of contribution, with strong leaders and strong
laggards in the group. But when the same group members were installed around a table, their
respective contributions to group performance appeared to be significantly better balanced. This
result suggests that social loafing can be reduced simply by changing the spatial organization of
group members. We observed this phenomenon in brainstorming tasks, but group structure may
impact performance more generally (e.g., Abric, 1971). It was indeed shown that equity of
contribution correlates to the collective intelligence of a group, a factor that explains groups’
performance on a wide variety of tasks (Woolley et al., 2010). Our results suggest that groups may be
more intelligent around a table.

The form factor is not the only advantage of interactive tabletop systems. Our experiments showed
that the attractiveness of the technology and the digital interaction improved subjective experience
and increased motivation to engage in the task (Buisine et al., 2012), which is also a moderating
factor of social loafing (Brickner et al., 1986; Shepperd, 1993). Moreover, interactive tabletop
systems are evaluated as funnier than pen-and-paper work around the table (Buisine et al., 2012)
and this Fun factor may also contribute to increasing creativity (Barré et al., 2014).

Taking for granted that interactive tabletop is a valuable device to improve group brainstorming, we
designed a series of tabletop interfaces to further enhance creative processes. For example, we
introduced time pressure in brainstorming as a way to test the effect of the Press factor on creativity
(Schmitt et al., 2012). In this experiment, the digital interface required brainstorming participants to
enter an idea every 60, 30 or 15 seconds. We also considered time pressure as a support for group
facilitation because, in line with Osborn’s (1953) rules, it may force participants to give up evaluation
and self-censorship. The results showed that time pressure increases fluency (number of ideas
produced) and originality (number of unique ideas), but also deteriorated participants’ satisfaction
(Schmitt et al., 2012). This kind of artifact therefore requires careful assessment to be used in a safe



way. In another interface design, we aimed to increase social comparison through the
implementation of a graphical feedback. We placed in the center of the table a module showing in
real time the number of ideas entered by each participant (in context in Fig. 1, in detail in Fig. 2). This
feature proved to increase fluency (Fig. 3) as well as motivation (Schmitt et al., 2012).

Fig. 2: The graphical performance feedback in the center of the interface, showing in real time the
number of ideas produced by each group member around the table.
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Fig. 3: Mean and standard error of the number of ideas produced by each participant without the
performance feedback — No FB — or with the feedback — FB (Schmitt et al., 2012).

Finally, we designed an interface based on the SIAM theory — Search for Ideas in Associative Memory,
(Nijstad & Stroebe, 2006). According to this theory, ideas in a brainstorming do not come one by one
but rather in the form of trains of thought, which are rapid accumulations of semantically related
ideas (Stroebe et al., 2010). Our interface enables brainstorming participants to visualize their
associations of ideas and trains of thought (Fig. 4). This new interface proved to increase cognitive
stimulation and originality of ideas: groups working with this interface produced more unique ideas
(Fig. 5), less redundant ideas, and longer trains of thought (Afonso Jaco et al., 2014).
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Fig. 4: The tabletop train-of-thought interface supporting visualization of association of ideas.
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Fig. 5: Mean and standard error of the number of unique ideas generated with a control interface
and with the Trains-of-thought interface (Afonso Jaco et al., 2014).

All'in all, interactive tabletop proved to be a useful tool to support group brainstorming (Table 3):
group facilitation, cognitive stimulation and social comparison are at least as effective as with
electronic brainstorming, and our successive experiments showed that specific interface features
such as performance feedback or visualization of trains of thought can further support the efficiency
factors of group creativity. Interactive tabletop also highlighted Fun as an additional creativity
booster. Moreover, this technology reduces social loafing through its around-the-table form factor
and associated group awareness. However, several factors are difficult to handle around a table: first
of all, group size is necessarily limited because of the form factor. A large group working around a
large table or around two adjacent tables is tantamount to separating the group into several
subgroups. Secondly, self-censorship remains difficult to manage around an interactive tabletop



system: on the one side, the fun factor may be conducive to free wheeling and unleashed creativity.
On the other side, increased group awareness and high identifiability of group members may
enhance likelihood of self-censorship. Hence the effects of tabletop brainstorming on self-censorship
remain unclear. Following this research program, we explored how alternative technologies could
implement the best compromise between all these factors. In particular, a focus on self-censorship
led us to consider the use of avatars in a virtual environment for supporting creativity.

Support provided by
Interactive Tabletop
Brainstorming

Efficiency factors for Group facilitation

group creativity Cognitive stimulation

Social comparison

Group size

Fun factor

Inefficiency factors for | Production blocking

group creativity Social loafing

B A NANANESANANAN

Self-censorship

Table 3: Effects of Interactive Tabletop Systems on efficiency and inefficiency factors of
brainstorming.

Avatar-Mediated Brainstorming

Avatars are digital characters representing users’ identity in a virtual environment (Meadows, 2008).
They are projections of users, or “tangible embodiment of their identity” (Yee et al. 2009). Through
avatars, users can experience multiple identities or highlight certain aspects of their ideal self
(Bessiere et al. 2007). Thereby, avatars allow users to change their appearance, their social roles, and
their identity in a virtual world. A recent line of research has also shown that users’ behaviors are
influenced congruently to their avatar’s identity. This behavioral modulation was named Proteus
effect (Yee and Bailenson 2007, 2009) after the Greek God Proteus who possessed the ability of
metamorphosis.

On a theoretical viewpoint, this phenomenon could be explained through the seminal proposals of
self-perception theory (Bem, 1972), according to which individuals explain their attitudes and
internal states based on observation of external cues, just as an external observer would. This is why
a change in self-representation may lead to a change in behavior. Moreover, in situations of
anonymity and deindividuation (Postmes and Spears, 1998) like in a virtual world, self-perception
reliance on identity cues (and therefore on avatar’s appearance) is enhanced (see Yee et al., 2009).

The Proteus effect was observed in several contexts: for example, attractive avatars lead to behave in
a more intimate way in terms of self-disclosure and interpersonal distance (Yee and Bailenson, 2007),
and tall avatars lead to more confident behavior in a negotiation task (Yee and Bailenson, 2007; Yee
et al., 2009). It was also shown that the Proteus effect endures over time and affects subsequent
offline behavior (Yee et al., 2009; Rosenberg et al., 2013; Yoon and Vargas, 2014). This means that
the appearance of an avatar influences users’ behavior not only in the virtual world, but also in the
real world. Likewise, can avatars be used to increase creativity?




In this series of experiments, we used avatars to modify self-perception in order to improve one’s
creative performance. To do so, the first step was to identify what kind of avatars would be likely to
increase the perception of one’s creative skills. These experiments being conducted with engineering
students, we studied the cognitive representation of creativity in this population. This led us to
identify the concept of the Inventor as a common relevant creative figure for engineers (Guegan et
al., 2016). Accordingly, we designed and validated avatars featuring characteristics of inventors (e.g.
looking like Einstein, wearing a lab coat or using scientist’s instruments, Fig. 6). We 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, our results show that engineering
students using inventor avatars during a virtual brainstorming session perform 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
since participants allocated to inventor condition continued to perform higher in a subsequent face-
to-face brainstorming (Session 2, see Fig. 7). Subjective data also showed that brainstorming in a
virtual environment (either with a neutral or a creative avatar) was rated as funnier than electronic

brainstorming system.

Fig. 6: Example of an avatar perceived as an Inventor.
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Fig. 7: Mean and standard error of the number of ideas generated by each participant
as a function of the condition (control face-to-face, neutral avatar and inventor avatar)
and the session (Guegan et al., 2016).

The previous experiment managed to increase creativity by making engineers identify with the figure
of the inventor. In terms of innovation process, this is likely to emphasize engineers’ talent to
develop products of superior technological value and therefore support a Technology-Driver strategy
(Jaruzelski et al., 2014) representing high degrees of R&D difficulty (Mantelet et al., 2016). Then we
wondered whether avatars could be used to help engineers develop User-Centered innovations,
motivated by customer needs instead of technological value. To investigate this question, we
designed a case study with a major company from the transportation industry. A group of highly
qualified employees from the innovation department were attributed inventor avatars like in the
previous experiment, and another group was attributed avatars representing users of public
transportation (Persona avatars, e.g. a mother with a newborn, a child, an elderly person, a train
manager). Both groups were immersed in a transportation situation (metro tour across a virtual
Paris, Fig. 8) and had to find applications for smart windows in public transportation. As expected,
the content of ideas was influenced congruently to avatars’ appearance: the inventor condition led
to a techno-centered ideation profile, oriented toward technological solutions, while the Persona
condition led to more user-centered, needs-oriented ideas (Buisine et al., 2016). Consistently,
inventors’ production tended to be better evaluated through industrial criteria and Personas’
production tended to be better evaluated by transportation users. These results suggest that avatar-
mediated brainstorming could be a powerful tool enabling innovation team to align ideation to their
strategy (e.g. technology-centered or user-centered).



Fig. 8: Example of virtual environment and avatars used in a brainstorming session about public

transportation.

Beyond self-perception and personal identity, avatars may also be a convenient medium to
emphasize social identity in a virtual environment (e.g., Guegan et al., 2015). Social identity is defined
as a part of self-concept linked to group membership (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 and exhibit increased performance (i.e., social laboring, Haslam,
2004). Hence in a subsequent experiment, we introduced social identity cues on avatars’ clothes as it
could be implemented in various professional contexts (e.g. clothes in the colors and logo of a
company, sport team jerseys). On the basis of the Social Identity Model of Deindividuation Effects
(Reicher, Spears, & Postmes, 1995; Spears & Lea, 1994, 1992), we assumed that virtual cues would
exert a positive effect on 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 by showing
that social identity cues on avatars’ clothes increased both group identification and creative
performance (Fig. 9; Guegan et al., submitted). Hence avatars appeared as a valuable tool to reduce
social loafing and support teamwork in a meaningful way. Moreover, in the context of a creative
assignment, group identification may influence not only the perception of group members (“we”
instead of “I”), but also of their ideas (“our production” instead of “my production”). Because
attention to others’ ideas is key to creativity (Paulus & Brown, 2007; Michinov, 2012), increasing the
salience of social identity may also improve cognitive stimulation.
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Fig. 9: Mean and standard error of the number of ideas generated by each participant with and
without Social Identity Cues (SIC), in the real and virtual environment (Guegan et al., submitted).

To sum up, the use of avatars may provide multiple benefits in the context of group brainstorming
(Table 4): group facilitation is similar to electronic brainstorming system and can be conducted
remotely through the instant messaging tool of the virtual platform. The facilitator can be
represented by an avatar like all participants, or can manage the group without being embodied or
materialized in the virtual world. Classical efficiency factors such as cognitive stimulation and social
comparison are supported and can be further enhanced with relevant avatars’ appearance.
Moreover, virtual sessions were repeatedly evaluated as fun in all our experiments, which may
contribute to foster engagement and creativity. Virtual brainstorming can also involve large groups to
promote diversity of views and increase cognitive stimulation. There is potentially no limit to group
size in a virtual world. Idea generation is still performed through the written channel to avoid
production blocking and improve attention to others’ ideas. Finally, avatars provide a unique means
to stimulate creativity through modifications of individuals’ perception of their personal and/or social
identity, thereby reducing social loafing and self-censorship to help everyone reveal his/her best
creative potential.

Support provided by
Avatar-Mediated
Brainstorming

Efficiency factors for Group facilitation

group creativity Cognitive stimulation

Social comparison

Group size

Fun factor

Inefficiency factors for | Production blocking

group creativity Social loafing

SKRKKKRRKKR

Self-censorship

Table 4: Effects of avatars on efficiency and inefficiency factors of brainstorming.

Conclusion
New technologies, when mastered and used wisely, may provide unsuspected support to socio-
cognitive processes. In this chapter, we focused on collective creativity and analyzed how several




technologies interact with its processes. This research program enabled us to better understand the
potentials of the technologies, sometimes to contribute to specify them and design new tools, and
above all to gain new knowledge on how group creativity works, and how to increase its
performance.

For several decades, the brainstorming method has helped many teams to structure their creative
endeavors and has provided a framework to study collective creativity for many researchers
throughout the world. As soon as in the 80’s, electronic brainstorming systems were used to share
and capitalize ideas in large groups, sometimes in co-presence, sometimes remotely, and even
asynchronously. Effective in many respects, this tool was nonetheless pointed out to be detrimental
to group membership and sense of belonging, which is a source of social loafing and lower
engagement in the creative task.

To combine the advantages of a digital platform and of a convivial setting, we studied the use of
interactive tabletop systems for brainstorming around the table and rebuilding group awareness.
This research led us to better understand the importance of social and motivational factors in group
creativity and inspired us the design of several original interfaces to optimize production, sharing and
visualization of ideas. However, the reliance on synchronous collocated collaboration paradigm might
appear as a limitation of this technology for group creativity. Companies seeking to develop their
teams’ creativity also need flexible tools supporting remote collaboration. Hence the challenge
emerged to find a tool supporting remote collaboration and group identification at the same time.

Such a tool was found in the form of avatar-mediated brainstorming and gave rise to a series of
experiments confirming the potential of this technology. Avatars have the advantage of triggering
self-perception mechanisms that may positively impact creative processes in multiple ways:
anonymity and the use of carefully chosen avatars may reduce self-censorship and social loafing, to
the benefit of creative performance and innovation strategies of companies. Avatars sharing social
identity cues can help group members focus on team’s issues and challenges, and create social
laboring. They can also be used to infuse new dynamics, promote a new viewpoint and change
routines (e.g. hierarchical asymmetry, interpersonal relations, leadership) among regular coworkers.
All these factors seem likely to help individuals develop their creativity and support innovation
processes in organizations.
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