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ABSTRACT KEYWORDS
Gamification can be seen as the intentional use of game design elements in non-  electronic
game tasks, in order to produce psychological outcomes likely to influence behav- brainstorming

iour and/or performance. In this respect, we hypothesize that gamification would — flow

produce measurable effects on user performance, that this positive impact would be  fluency

mediated by specific motivational and attentional processes such as flow and that gamification
gamification would moderate the social comparison process. In three experimental  gocial comparison
studies, we examine the effects of gamified electronic brainstorming interfaces on  time pressure
fluency, uniqueness and flow. The first study mainly focuses on time pressure, uniqueness

the second on performance standard and the third one introduces social compari-

son. The results highlight some effects of the gamified conditions on brainstorming
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performance, but no or negative effects on flow. All three studies are congruent in
that gamification did not occur as a psychological process, which questions popu-
lar design trends observed in a number of sectors.

Gamification, although a trending topic, is still in search of its conceptual under-
pinnings. Some scholars and practitioners consider it as a design framework
consisting in introducing game design elements in non-game contexts (Deterding
et al. 2011). Such a definition focuses on elemental graphical/situational building
blocks of gamification, disregarding user experience resulting from their intro-
duction (Sailer et al. 2017). Other researchers view gamification as a process,
thereby focusing on the resulting experience of gamefulness (Werbach 2014)
or value created for users (Huotari and Hamari 2012). In this respect, introduc-
ing game design elements is not considered sufficient: gamification would occur
only in the event of psychological and behavioural effects emerging in users’
experience. Defining gamification as a process leads to highlighting its goals and
potential benefits, such as improving user experience, increasing engagement
(Dominguez et al. 2013) and more generally impacting cognitive, emotional and
social processes (Lee and Hammer 2011). Seaborn and Fels integrate both the
design and experiential views and define gamification as ‘the intentional use of
game elements for a gameful experience of non-game tasks and contexts’ (2015:
17). In the present article, we view gamification as a whole process introducing
game design elements as input, in order to induce psychological processes (e.g.
cognitive and social processes), resulting in experiential (e.g. fun and absorption)
and behavioural (i.e. engagement and performance) outcomes.

The pioneering sectors that developed gamified designs of activities and
tools were education and healthcare, and it is of growing interest in many
other application fields (Hamari 2013; Hanus and Fox 2015; Richter et al.
2015; Koivisto and Hamari 2019), including corporate applications in order to
increase productivity, organizational change, innovation (Raftopoulos 2014) or
employees’ engagement (Prasad and Mangipudi 2021). However, the benefits
of these design efforts to user experience and performance were seldom eval-
uated, and several authors underline the lack of laboratory studies and empiri-
cal evidence addressing the cognitive and behavioural effects of gamification
as a process (Hamari et al. 2014; Dicheva et al. 2015; Seaborn and Fels 2015).
The vast majority of empirical studies on applied gamification do not refer to
any theoretical framework — according to Seaborn and Fels’ meta-analysis in
2015, this was the case for 87% of applied gamification research at that time.
This ‘gap between theory and practice — where theory is empirically unexam-
ined and applied work lacks reference to theory’ (Seaborn and Fels 2015: 27)
is a major shortcoming of gamification research. Furthermore, experimental
studies suffer many methodological flaws such as a lack of control condition,
valid measurements or reliable statistical treatments (see meta-analyses from
Hamari et al. 2014; Seaborn and Fels 2015; Dicheva et al. 2015; Koivisto and
Hamari 2019). Therefore, many reported effects of gamification (either positive
or negative) remain questionable. All in all, in their recent literature review,
Koivisto and Hamari (2019) report that 28.7% of controlled experimental
quantitative studies on the effects of gamification reveal positive findings, the
other 71.3% bringing mixed results, i.e. negative or inconclusive.

The literature providing a conceptual elaboration of the notion of gamifica-
tion predominantly relies on the theoretical framework of self-determination
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theory (Deci and Ryan 2000), which focuses on motivational processes based
on three overarching needs, namely autonomy, competence and related-
ness. Game mechanics, which introduce extrinsic motivators in the activity,
are assumed to become internalized as intrinsic motivators (Zichermann and
Linder 2010) and therefore increase users’ intrinsic motivation for the target
activity (Koivisto and Hamari 2019). Games mechanics are also called ‘motiva-
tional affordances” (Hamari et al. 2014) and can be related to the three moti-
vational dimensions of self-determination theory (e.g. Aparicio et al. 2012).

The flow theory (Csikszentmihalyi 2008) is often referred to in game design
research (Cowley et al. 2008) as well as in gamification research (Eickhoff et al.
2012; Hamari and Koivisto 2014; Koivisto and Hamari 2019). Flow corre-
sponds to a state of optimal experience and maximal concentration, when
people act at the peak of their capacity. It may lead to high levels of perfor-
mance, creativity and pleasure. Encompassing specificities of various domains,
a large variety of enjoyable human activities share the same flow character-
istics (Csikszentmihalyi 1994). Flow is mostly experienced during challeng-
ing activities where individual skills and concentration are important, such as
in music, sports and games (Anonymized for review). In our view, flow may
offer a wider understanding of the processes at play in gamification process,
as it includes, but is not limited to, intrinsic motivation. Flow was modelled
as relying both on motivational and attentional processes (Abuhamdeh and
Csikszentmihalyi 2012; Dietrich 2004; Simlesa et al. 2018). Furthermore, the
resulting flow experience also inherently includes positive affective states
as well as task achievement. Flow theory, therefore, conceptualizes an opti-
mal experience gathering attentional, motivational, affective and productive
considerations that all seem relevant to analyse the effects of gamification.
Therefore, in the present research, we consider a mediation model of gamifi-
cation relying mostly on the flow process as a cognitive means (i.e. mediator)
of generating beneficial experiential and behavioural outcomes resulting from
the introduction of game mechanics.

The most popular game mechanics used in gamification studies are points,
badges and leader boards (Hamari et al. 2014; Seaborn and Fels 2015), some-
times referred to as PBL triad (Sailer et al. 2017) or the blueprint triad of gamifi-
cation (Koivisto and Hamari 2019). They typically provide a real-time feedback
and performance standard to users (Jung et al. 2010), meant to be perceived as
rewards and incentives (Richter et al. 2015; Kyewski and Kramer 2018), indi-
vidually or aggregated as team scores (Le Hénaff et al. 2015). In line with a
gamification-as-a-process view, these design elements are intended to trig-
ger sociocognitive processes, producing psychological as well as behavioural
outcomes (Hamari et al. 2014; Koivisto and Hamari 2019). From a theoretical
viewpoint, points and badges are directly related to the competence dimen-
sion of self-determination theory. They also implement two major precondi-
tions of flow, namely the skill/challenge balance and the immediate feedback
requirement (Simlesa et al. 2018). Leader boards, which enable players or
users to compare their performance with their peers, clearly introduce a social
dimension that is not self-evident in either flow theory or self-determination
theory. Flow was conceptualized as an individual process in which absorption
in the task eventually prevents the subject from paying attention to the (social)
environment. Self-determination theory, which includes a social dimension
through the need for relatedness, refers to processes such as social facilita-
tion, attachment and benevolent relationships (Deci and Ryan 2000). In gami-
fication studies, the need for social relatedness has been addressed through
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the introduction of teammates, meaningful stories (Sailer et al. 2017), social
networking services and team-based activities (Koivisto and Hamari 2019).
However, understanding the potential effects of introducing leader boards,
which promote a sense of competition, may require a specific theoretical
framework, beyond self-determination theory. In particular, social comparison
processes (Festinger 1954) may be useful to shed a complementary light on
game mechanics involving coaction and/or competition in gamified systems.

Social comparison theory (Festinger 1954) suggests that performance and
self-evaluation are impacted by comparison with others. In particular, the
presence of coactors influences performance through two forces: a unidirec-
tional drive upward (Huguet et al. 1999; Seta 1982; Seta et al. 1991) and a
pressure towards uniformity (e.g. Festinger 1954, Huguet et al. 2001). Drive
upward can be explained by the existence, at least in western societies, of a
social desirability for personal achievement, leading people to give the best
possible performance. Besides, pressure towards uniformity corresponds to
a need for reducing performance discrepancies between oneself and others.
Comparisons with someone performing better (i.e. upward social comparison
[USC]) result in performance increase because it satisfies the drive upward and
also reduces discrepancies with the performance of superior others. However,
the social comparison target should remain attainable because strongly upward
comparison does not facilitate performance (Huguet et al. 1999). Conversely,
comparisons with someone performing lower (i.e. downward social compari-
son [DSC]) classically result in steady performance. Mirroring these principles,
a series of studies (Seta 1982) showed that the performance of the participants
in a pressing button task was better when placed in comparison with a slightly
superior coactor. Moreover, participant’s performance was not impacted by a
coactor whose performance was inferior, identical or strongly superior to that
of the participant.

Studying social comparison in a gamified context is particularly interesting
for two reasons. Firstly, a gamified context may foster competition between
users, which is known to increase the unidirectional drive upward (Garcia
et al. 2006). Moreover, such contexts may also counter pressure to uniform-
ity and rather promote large performance gaps between the winner and the
others. Indeed, a gamified context could lead to local gaming norms that
maximize the differences between self and other performances, even in DSC.
Although speculative, this assumption echoes existing classical game features
such as finishing a race with a lap ahead in Mario Kart or winning by ‘Perfect’
in Street Fighter. Hence one may expect that gamification could strengthen the
impact of social comparison processes on performance.

The goals of the present research are to figure out: (1) whether gamifi-
cation produces measurable effects in user performance; (2) whether this
positive impact on performance is mediated by specific motivational and
attentional processes that can be captured through the measure of flow; and
(3) whether gamification moderates social comparison process. To address this
challenge, we report on three experimental studies exploring the impact of
gamification applied to an Electronic Brainstorming System (EBS). The aim of
Study 1 was to investigate the impact of gamification (including performance
feedback, performance standard, time pressure and a fantasy context) on crea-
tive performance and flow. Study 2 was conducted as a control experiment
to remove the effect of time pressure. Finally, Study 3 aimed to analyse the
effects of such gamified design of electronic brainstorming in a social/multi-
player context.
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STUDY 1

EBS (e.g. DeRosa et al. 2007) consist in having brainstorming participants
who generate ideas on computers, either alone or in group (Dennis and
Williams 2002), in synchronous (Dugosh and Paulus 2005) or asynchronous
mode (Michinov and Primois 2005). EBS repeatedly proved to be an effec-
tive medium for brainstorming (Dennis and Valacich 1993; Gallupe et al. 1994;
Kerr and Murthy 2004; Valacich et al. 1994) and their interfaces can include
features aimed to enhance creative performance, for example automatic feed-
back on idea content (de Rooij et al. 2017).

For the present study, we developed an EBS for nominal brainstorm-
ing and followed gamification guidelines (Marache-Francisco and Brangier
2015) to implement a gamified version. This resulted in an EBS interface
with a fairy-tale atmosphere featuring a princess threatened by a dragon and
running to a fortress. While the dragon progresses regularly with time, the
princess progresses with each idea keyed by the brainstorming participant:
the distance to the fortress and progress of the princess, therefore, constitute
a performance standard for the brainstorming task. The fairy-tale atmosphere
was chosen in reference to the most popular video games like Nintendo’s
Mario Bros (with a fortress at the end of the level, a princess and a villain). This
kind of intergenerational video game has the potential to hit all age segments,
as Mario franchise remains the most sold ever (767.93 million copies to date).
We designed a minimalist version of this genre adapted to EBS. The minimal-
ism was intended to allow for a better control of the experimental manipula-
tion and limit potential interferences between too many design features. With
regard to Koivisto and Hamari’s (2019) classification of motivational affor-
dances, our design includes achievement/progression-oriented affordances
as well as immersion-oriented affordances (use of stories, narratives, avatars,
etc.). The effects of this gamified design on creative performance and flow
were compared to a non-gamified one. We hypothesize that: (H1) the crea-
tive performance (quantity and originality of ideas) will be improved in the
gamified condition, (H2) the level of flow experienced by participants will be
higher in the gamified condition and (H3) the performance increase will be
mediated by flow.

Participants

Fifty-six students (18F), aged 18-26 (M=21.96, SD=2.04), participated in the
study, including sixteen students for a pre-test to set the performance stand-
ard and 40 students for the experiment.

Procedure

Participants were placed in individual laboratory cubicles to complete a
computerized French version of Torrance’s cardboard box task (Torrance 1966),
which consists in imagining unusual uses of boxes for ten minutes. In the pre-
test (N=16) and the non-gamified condition (N=20), participants had to enter
their ideas through an EBS interface with a minimal graphical theme (Figure
1). In the experimental condition (N=20), they did so through the gamified
interface. In both conditions, the ideas entered by the user were numbered and
displayed as a scrollable list above the text field, which provided a real-time
performance feedback to the user. In the gamified interface, the performance
standard was set on the basis of fluency scores of the pre-test (i.e. the number
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of non-redundant ideas generated by pre-test participants), which amounted
to M=19.75, SD=13.41. To ensure a sufficient challenge, the performance
standard was set to the third quartile of pre-test fluency (Q3=29 ideas). The
princess has three lives in the beginning of the task: when the dragon catches
up with her, the participant loses one life but must continue idea generation
(and the dragon steps back). When the princess reaches the fortress after 29
ideas, the participant gains an additional life but has to continue idea genera-
tion to achieve the ten-minute session.

In the gamified and non-gamified conditions, we assessed creative perfor-
mance through fluency and uniqueness. Fluency corresponds to the number
of ideas generated by each participant after removing duplicates from his/her
own production. Uniqueness is an assessment of originality corresponding to
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Figure 1: Screenshots of the non-gamified (top) and gamified (bottom) conditions.
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the number of unique ideas with regard to all the ideas proposed by all the
participants. This is a classical measure of divergent thinking (Torrance 1966;
Wallach and Kogan 1965). Flow was evaluated through a scale combining
items from existing measures (Bakker 2008; Ghani 1995; Ghani et al. 1991;
Webster et al. 1994), which were aggregated (a=0.70).

Given the gender connotations potentially associated to the fairy-tale
context, sex was processed as a covariate in subsequent analyses.

Results

The variables collected were analysed by means of ANalysis of COVAriances
(ANCOVAs) with the condition (non-gamified vs. gamified) as between-
subject variable and sex as a covariate. Fluency proved to increase significantly
in the gamified compared with the non-gamified condition (see Table 1 and
Figure 2). Uniqueness was also higher in the gamified than non-gamified
condition. These results are in line with H1.

However, flow did not vary significantly between the gamified and non-
gamified conditions, which invalidates H2. With the indirect effect of gamifi-
cation through flow (controlling for condition and sex) being non-significant
on fluency (Z=0.54, p=0.59) and on uniqueness (Z=0.67, p=0.50), H3 media-
tion is not verified either.

Discussion

This study showed that the participants in the gamified condition exhibited
higher creative performance, both in terms of idea fluency and idea unique-
ness. However, the brainstorming participants did not experience more
flow in the gamified condition. The fact that our experimental manipulation
produced only behavioural effects challenges the gamification framework: to

Table 1: Detailed values for the conditions examined and the ANCOVA results.

Non-gamified Gamified ANCOVA results
M SD M SD df F P 7°p
Fluency 22.20 15.97 33.10 14.85 1,37 5.34 <0.05 0.126
Uniqueness 3.3 3.84 6.2 5.16 1,37 4.14 <0.05 0.101
Flow 5.24 0.86 5.54 0.90 1,37 1.132 0.294 0.03
40 8 7
0 7 : "
v 6 L
> 25 3 5
g S5 2
g 20 =S 4 é 4
£ 15 g i 5
10 >3
5 2 2
0 1 1
Non gamified Gamified Non-gamified Gamified Non gamified  Gamified

Figure 2: Means and standard errors of fluency, uniqueness and flow as a function of the condition.

www.intellectbooks.com 271



Jérdme Guegan | Stéphanie Buisine | Julien Nelson | Frédéric Vernier

272

consider the observed behavioural effect as a direct consequence of gami-
fication, it should be associated to psychological effects such as an increase
in gameful experience, an increase in motivation or an increase in flow. As
such psychological effects were not observed in this study, we assume that
the behavioural effect (increase in creative performance) might be due to the
introduction of a performance standard and a real-time feedback with regard
to this standard. Besides, informal discussion during post-experiment debrief-
ing suggested that the time pressure introduced by the dragon was a major
driver for performance. Time pressure in electronic brainstorming was previ-
ously shown to increase performance without impacting satisfaction or fun
(Schmitt et al. 2012), which rules out an interpretation in terms of gamifi-
cation. In our design, time pressure may also have been reinforced by the
explicit way of losing (be eaten by a dragon). To understand which process
(performance standard, or time pressure) exerted a greater impact on perfor-
mance, and to further investigate a potential specific effect of gamification, we
designed Study 2 as a control experiment and designed a gamified EBS inter-
face without a dragon.

STUDY 2

Participants

Fifty students (38F) aged 18-31 (M=20.62, SD=2.64) participated in the
experiment.

Procedure

Participants were placed in individual laboratory cubicles. We used the same
task as in Study 1 and the same minimal EBS interface for the non-gamified
condition (N=25). In the gamified condition (N=25), the participants used an
interface featuring only the princess progressing to the fortress with each idea
entered. The performance standard was the same as in Study 1.

We collected fluency and uniqueness and assessed flow through Ghani
et al.’s (1991) scale measuring three dimensions: enjoyment (a=0.78), concen-
tration (=0.93) and control (0=0.61). These dimensions were aggregated as a
single composite flow score (0=0.88).

In line with a gamification approach, we hypothesized that: (H1) the crea-
tive performance (fluency and uniqueness) would be higher in the gamified
condition, (H2) the level of flow experienced by participants would be higher
in the gamified condition and (H3) the behavioural effect (creative perfor-
mance) would be mediated by the psychological effect (flow experienced).

Results

The variables collected were analysed by means of ANCOVAs with the condi-
tion (non-gamified vs. gamified) as between-subject variable and sex as a
covariate. The results show that fluency did not significantly vary between the
non-gamified and gamified conditions (see Table 2 and Figure 3). Uniqueness
did not vary either. These results invalidate H1. In the same way, there were no
significant differences between the two conditions regarding flow and H2 was
not verified. Finally, the indirect effect of gamification through flow (control-
ling for condition and sex) was significant neither on fluency (Z=0.07, p=0.94),
nor on uniqueness (Z=0.15, p=0.88), showing the absence of mediation effects
and invalidation of H3.
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Table 2: Detailed values for the conditions examined and the ANCOVA results.

Non-gamified Gamified ANCOVA results
M SD M SD df F r n’p
Fluency 19.16 11.53 23.52 10.45 1,47 2.28 0.137 0.046
Uniqueness 2.20 1.91 2.36 1.70 1,47 0.10 0.75 0.002
Flow 4.96 1.07 4.89 0.98 1,47 0.12 0.73 0.003
30 3 7
25 2.5 6
s, 20 ﬁ 2 5
=1 =}
g 15 g 15 g4
=2 k=3 =
=10 g 1 3
5 0.5 2
0 0 1
Non-gamified Gamified Non-gamified — Gamified Non gamified  Gamified

Figure 3: Means and standard errors of fluency, uniqueness and flow as a function of the condition.

Discussion

This study shows that a minimal gamified design (fairy-tale atmosphere,
performance standard) did not influence behavioural or psychological depend-
ent measures. Furthermore, fluency in this minimal gamified condition was
significantly lower than in Study 1 gamified condition with the dragon (M=33.1,
SD=14.85 in Study 1 gamified condition; M=23.52, SD=10.45 in Study 2 gami-
fied condition; #(38)=2.205, p<0.05). The increase in creative performance in
Study 1 can therefore be more confidently attributed to the pressure exerted by
the dragon (time and potential fear of losing). We may conclude that gamifica-
tion in itself did not operate as expected (i.e. as a psychological process gener-
ating behavioural outcomes from the introduction of game design elements).
Neither Study 1 nor Study 2, which were implemented as single-player brain-
storming activities, showed any benefit of the gamified design in terms of psycho-
logical effect. However, given the potential influence of multiplayer settings on
enjoyment and motivation in video games (e.g. Peng and Crouse 2013), gamifica-
tion may be more impactful in a social context. This issue is examined in Study 3.

STUDY 3

Through the implementation of an EBS in a social setting, Study 3 aimed to
investigate the impact of gamification on social comparison processes. The analy-
sis of social comparison in the context of a creative task was previously shown
to be a valuable means of improving performance. For example, in the context
of brainstorming tasks, it was shown that USC improves fluency (Dugosh and
Paulus 2005; Paulus and Dzindolet 1993) and originality of ideas (Michinov
et al. 2015). As specified in the introductory section, the social comparison target
should nonetheless remain attainable (Huguet et al. 1999). For this reason, we
chose to implement a slightly upward realistic social comparison target. We then
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hypothesized that: (H1) in line with classical literature on social comparison,
participants’ creative performance (in terms of fluency and uniqueness) should be
higher in upward than in DSC condition; (H2) the creative performance should
be higher in the gamified than in the non-gamified condition; (H3) the level of
flow experienced by participants should also be higher in the gamified condi-
tion; and (H4) gamification should moderate social comparison effects through a
reduction of pressure to uniformity: the difference between USC and DSC condi-
tions should be reduced with the gamified interface. To test these hypotheses, we
developed a new EBS interface including a confederate princess on the path to
the fortress in addition to the princess representing the participant.

Participants

One hundred students (68F), aged 18-40 (M=20.46, SD=2.92) participated in
the experiment.

Procedure

We designed a 2 (gamification: with vs. without) x 2 (social comparison: USC
vs. DSC) between-subject factorial design. In all cases, each participant was
placed in individual laboratory cubicles, but was led to believe that she/he
would brainstorm at the same time as a remote coactor. However, the coac-
tor was a computerized confederate simulated by the system. In the gami-
fied condition (N=50), its presence was represented by a second princess,
which adds a social-oriented motivational affordance to our gamified design.
In the non-gamified interface (N=50), the princesses were replaced by hori-
zontal running messages to provide feedback each time the participant or the
computerized confederate entered an idea (Figure 4). The participants were
placed either in USC (N=50) or in DSC (N=50). To this end, the system simu-
lated either a highly fluent confederate (USC, 32 ideas) or a lowly fluent one
(DSC, ten ideas), these values being extracted from Study 2 (USC=M+SD;
DSC=M-SD). To set the timing of idea generation for the confederate, we
extracted the behaviour of two participants from Study 2 who matched most
closely our USC and DSC target values. The participants had no access to the
confederate’s idea content in any condition.

As in previous studies, we collected fluency and uniqueness and assessed
flow through Ghani et al’s (1991) scale including enjoyment (a=0.88),
concentration (a=0.88) and control (0=0.62), which were aggregated into a
composite flow score (a=0.87). We also introduced two items as manipula-
tion checks for the social comparison conditions: ‘I did well in this activity,
compared to the other participant; I was skilled at this activity, compared to
the other participant’ (r=0.87, p<0.001).

Results

The variables collected (manipulation check, fluency, uniqueness and flow)
were analysed by means of ANCOVAs with condition (non-gamified vs.
gamified) and social comparison (USC vs. DSC) as between-subject varia-
bles and sex as a covariate. The manipulation check confirms that self-rated
performance with regard to the confederate was higher in the DSC than in the
USC condition (see Table 3). The manipulation check also showed a significant
main effect of gamification with higher scores in the gamified than in the non-
gamified condition.
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Figure 4: Screenshots of the gamified (top) and non-gamified (bottom) EBS interfaces for inducing social

comparison.

In line with H1, fluency scores showed a significant main effect of social
comparison with an increased fluency in the USC condition with regard to the
DSC condition (see Figure 5). The main effect of social comparison was also
found on uniqueness with more unique ideas in USC than in DSC.

Regarding H2, a significant main effect of gamification appeared with
higher fluency in the gamified condition (see Figure 6). However, the main
effect of gamification proved non-significant for uniqueness. H2 appears
partially validated.

Contrary to H3, flow scores showed a significant main effect of gamifica-
tion with higher flow scores in the non-gamified than in the gamified condi-
tion (see Figure 7).

www.intellectbooks.com 275



Jérdme Guegan | Stéphanie Buisine | Julien Nelson | Frédéric Vernier

Table 3: Detailed values for the conditions examined and the ANCOVA results.

M SD M SD df F P n’p
Non-gamified Gamified ANCOVA results
Self-rated performance 3.45 1.37 411 1.67 1,95 492 <0.05 0.049
Fluency 23.80 11.85 28.74 12.60 1,95 4.72 <0.05 0.047
Uniqueness 1.66 3.26 2.14 291 1,95 0.522 0.472 0.005
Flow 5.44 0.79 5.03 1.05 1,95 4.61 <0.05 0.046
DSC uscC ANCOVA results

Self-rated performance

4.28 1.51 3.28 1.46 1,95 11.59 <0.001 0.109

Fluency 21.66 9.15 30.88 13.58 1,95 16.23 <0.001 0.146
Uniqueness 1.24 1.77 2.56 3.9 1,95 4.78 <0.05 0.048
35 3.5
30 3
25 o 25 T

g 20 fg’ 2

Z15 g1s

10 |

5 0.5

0 0
DSC Usc DSC Usc

Figure 5: Means and standard errors of fluency and uniqueness as a function of
the condition.

Finally, to test H4, we examined the interaction effects between social
comparison and gamification on creative performance. The interaction effect
proved non-significant on fluency (F(1,95)=0.69, p=0.41, n2p=0.007) as well as
on uniqueness (F(1,95)=0.178, p=0.674, n2p=0.002, see Figure 8).

Discussion

This study reproduces the classical social comparison effect, with an increased
performance in USC and a steady performance in DSC. Unexpectedly, this
effect was not moderated by gamification. The gamified condition proved
to increase fluency, but this effect was associated to lower scores of flow,
although the gamification framework would have predicted the contrary. The
main effect of gamification on manipulation checks suggests that participants
in the gamified condition could assess more accurately their position with
regard to the confederate (persistent feedback on princesses” progress). The
fluency increase in the gamified condition might therefore be due to more
salient cues for social comparison, which is in line with previous literature on
the influence of feedback frequency on coactors’ performance (Beck and Seta
1980). However, the negative effect of the gamified condition on flow creates
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Figure 8: Means and standard errors of fluency and uniqueness as a function of the conditions.

a puzzling pattern of results and casts further doubt on an interpretation in
terms of gamification. Gamification viewed as a process consisting in intro-
ducing game elements to create a gameful experience cannot account for the
results observed in this study, either in terms of behavioural outcomes (crea-
tive performance) or psychological outcomes (flow).
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CONCLUSION

Our goal was to understand more clearly the effects of game design elements
on psychological (flow) and behavioural outcomes (creative performance) in
an electronic brainstorming task. Our results show that our intended gami-
fied design managed, in some respect, to increase performance (through
time pressure and social comparison), but failed to produce any or relevant
psychological effect, as the impact on Flow was either absent or negative.
Current views on gamification as a process not only require that psychologi-
cal outcomes are produced, but also that those psychological effects, in turn,
should induce the behavioural outcomes (see Koivisto and Hamari 2019).
Our pattern of results does not support this mediation model of gamifica-
tion. Moreover, regarding the influence gamification may have on the social
comparison process, our hypothesis was also invalidated as we observed no
moderating influence of the gamified design on the classical effect of social
comparison. We may conclude from this series of experiments that either
gamification did not occur as a psychological process, or that we failed to
induce it with the design we implemented.

The present series of studies holds several limitations, and notably
the fact that the profile of participants in terms of gaming experience and
preferences was not controlled. Moreover, we investigated a single type of
gamified atmosphere, namely a fairy tale one, whereas more or less realis-
tic or dreamlike designs could have different impacts on user experience.
One could also study other game mechanics (e.g. exploration, rewards,
discovery and battle mechanics) and different types of multiplayer interac-
tion (e.g. cooperation vs. competition). All in all, the global picture appears
particularly complex and would require to accurately disentangle these
design factors to assess their respective impact in the short and long run.
What makes the study of gamification even more complex is that the soci-
ocognitive processes potentially involved are non-specific to gamification
and can be easily triggered in non-gamified contexts (presence of a coac-
tor, characteristics of the coactor, time pressure, etc.). Despite the growing
popularity of this design trend, gamifying a situation while mastering the
processes and subsequent impacts on user experience and performance
remains a challenge in the current scientific understanding. Therefore,
gamification demands should be treated with caution, unless the positive
and negative impacts are properly evaluated before being implemented in
contexts of interest.

ACKNOWLEDGEMENTS

The authors wish to thank Audrey Lucas and Iza Lasky for their contribution
to data collection.

REFERENCES

Abuhamdeh, S. and Csikszentmihalyi, M. (2012), ‘Attentional involvement and
intrinsic motivation’, Motivation and Emotion, 36:3, pp. 257-67, https://doi.
org/10.1007/s11031-011-9252-7. Accessed 14 January 2022.

Aparicio, A. F, Vela, F. L. G, Sanchez, J. L. G. and Montes, J. L. I. (2012),
“Analysis and application of gamification’, in F. Botella (ed.), Proceedings of
the13th International Conference on Interaccion Persona-Ordenador, Presented
at INTERACCION'12, Elche, Spain, October, Elche: ACM, p. 17.

Journal of Gaming & Virtual Worlds


https://doi.org/10.1007/s11031-011-9252-7
https://doi.org/10.1007/s11031-011-9252-7

Gamification and social comparison processes in electronic brainstorming

Bakker, A. B. (2008), The work-related flow inventory: Construction and initial
validation of the WOLF’, Journal of Vocational Behavior, 72:3, pp. 400-14,
https://doi.org/10.1016/j.jvb.2007.11.007. Accessed 14 January 2022.

Beck, H. P and Seta, J. J. (1980), ‘The effects of frequency of feedback on a
simple coaction task’, Journal of Personality and Social Psychology, 38:1, pp.
75-80, https://doi.org/10.1037/0022-3514.38.1.75. Accessed 14 January
2022.

Cowley, B., Charles, D., Black, M. and Hickey, R. (2008), “Toward an unders-
tanding of flow in video games’, ACM Computers in Entertainment, 6:20,
pp. 1-27.

Csikszentmihalyi, M. (1994), A Psychology for the Third Millennium: The Evolving
Self, New York: Harper Perennial.

Csikszentmihalyi, M. (2008), Flow: The Psychology of Optimal Experience, New
York: HarperCollins.

Deci, E. L. and Ryan, R. M. (2000), “The “what” and “why” of goal pursuits:
Human needs and the self-determination of behavior’, Psychological
Inquiry, 11:4, pp. 227-68, https://doi.org/10.1207/S15327965PL11104_01.
Accessed 14 January 2022.

Dennis, A. R. and Valacich, J. S. (1993), Computer brainstorms: More heads are
better than one’, Journal of Applied Psychology, 78:4, pp. 531-37, https://doi.
org/10.1037/0021-9010.78.4.531. Accessed 14 January 2022.

Dennis, A. R. and Williams, M. L. (2002), Electronic Brainstorming: Theory,
Research and Future Directions, TR116-1, technical report, Bloomington, IN:
Kelley School of Business.

DeRosa, D. M., Smith, C. L. and Hantula, D. A. (2007), ‘The medium matters:
Mining the long-promised merit of group interaction in creative idea
generation tasks in a meta-analysis of the electronic group brainstorming
literature’, Computers in Human Behavior, 23:3, pp. 1549-81, https://doi.
org/10.1016/j.chb.2005.07.003. Accessed 14 January 2022.

Deterding, S., Khaled, R., Nacke, L. E. and Dixon, D. (2011), ‘Gamification:
Toward a definition’, Extended Abstracts of CHI Conference on Human Factors
in Computing Systems, Vancouver, May, pp. 12-15.

Dicheva, D., Dichev, C., Agre, G. and Angelova, G. (2015), ‘Gamification in
education: A systematic mapping study’, Educational Technology & Society,
18:3, pp. 75-88.

Dietrich, A. (2004), ‘Neurocognitive mechanisms underlying the expe-
rience of flow’, Consciousness and Cognition, 13:4, pp. 746—61, https://doi.
org/10.1016/j.concog.2004.07.002. Accessed 14 January 2022.

Dominguez, A., Saenz-de-Navarrete, ]., De-Marcos, L., Fernandez-Sanz, L.,
Pagés, C. and Martinez-Herraiz, J. J. (2013), ‘Gamifying learning expe-
riences: Practical implications and outcomes’, Computers & Education, 63,
pp. 380-92, https://doi.org/10.1016/j.compedu.2012.12.020. Accessed 14
January 2022.

Dugosh, K. L. and Paulus, P. B. (2005), ‘Cognitive and social comparison
processes in brainstorming’, Journal of Experimental Social Psychology, 41:3,
pp. 313-20, https://doi.org/10.1016/j.jesp.2004.05.009. Accessed 14 January
2022.

Eickhoff, C., Harris, C. G., deVries, A. P. and Srinivasan, P. (2012),’Quality through
flow and immersion: Gamifying crowdsourced relevance assessments’, in
W. Hersh, J. Callan, Y. Maarek and M. Sanderson (eds), Proceedings of the
35th International ACM SIGIR Conference on Research and Development in
Information Retrieval, Portland, August, New York: ACM Press, pp. 871-80.

www.intellectbooks.com 279


https://doi.org/10.1016/j.jvb.2007.11.007
https://doi.org/10.1037/0022-3514.38.1.75
https://doi.org/10.1207/S15327965PLI1104_01
https://doi.org/10.1037/0021-9010.78.4.531
https://doi.org/10.1037/0021-9010.78.4.531
https://doi.org/10.1016/j.chb.2005.07.003
https://doi.org/10.1016/j.chb.2005.07.003
https://doi.org/10.1016/j.concog.2004.07.002
https://doi.org/10.1016/j.concog.2004.07.002
https://doi.org/10.1016/j.compedu.2012.12.020
https://doi.org/10.1016/j.jesp.2004.05.009

Jérdme Guegan | Stéphanie Buisine | Julien Nelson | Frédéric Vernier

Festinger, L. (1954),’A theory of social comparison processes’, Human Relations,
7:2, pp. 117-40.

Gallupe, R. B., Cooper, W. H., Grisé, M. L. and Bastianutti, L. M. (1994),
‘Blocking electronic brainstorms’, Journal of Applied Psychology, 79:1, pp.
77-86, https://doi.org/10.1037/0021-9010.79.1.77. Accessed 14 January
2022.

Garcia, S. M., Tor, A. and Gonzalez, R. (2006), ‘Ranks and rivals: A theory of
competition’, Personality and Social Psychology Bulletin, 32:7, pp. 970-82,
https://doi.org/10.1177/0146167206287640. Accessed 14 January 2022.

Ghani, J. A. (1995), ‘Flow in human computer interactions: Test of a model’, in
J. M. Carey (ed.), Human Factors in Information Systems: Emerging Theoretical
Bases, Norwood, MA: Ablex Publishing, pp. 291-311.

Ghani, J. A, Supnick, R. and Rooney, P. (1991), ‘The experience of Flow
in computer-mediated and on face-to-face groups’, Proceedings of the
International Conference on Information Systems, New York, pp. 229-37.

Hamari, J. (2013), “Transforming homo economicus into homo ludens: A field
experiment on gamification in a utilitarian peer-to-peer trading service’,
Electronic Commerce Research and Applications, 12:4, pp. 236-45.

Hamari, J. and Koivisto, J. (2014),"Measuring flow in gamification: Dispositional
flow Scale-2’, Computers in Human Behavior, 40, pp. 133-43, https://doi.
org/10.1016/j.chb.2014.07.048a. Accessed 14 January 2022.

Hamari, J., Koivisto, J. and Sarsa, H. (2014), ‘Does gamification work? A lite-
rature review of empirical studies on gamification’, Proceedings of Hawaii
International Conference on System Science, Manoa, Hawaii, January, pp.
3025-34.

Hanus, M. D. and Fox, ]J. (2015), ‘Assessing the effects of gamification in the
classroom: A longitudinal study on intrinsic motivation, social comparison,
satisfaction, effort, and academic performance’, Computers & Education, 80,
pp. 152-61, https://doi.org/10.1016/j.compedu.2014.08.019. Accessed 14
January 2022.

Huguet, P, Dumas, F., Monteil, J. M. and Genestoux, N. (2001),‘Social compa-
rison choices in the classroom: Further evidence for students” upward
comparison tendency and its beneficial impact on performance’, European
Journal of Social Psychology, 31:5, pp. 557-78, https://doi.org/10.1002/
ejsp.81. Accessed 14 January 2022.

Huguet, P, Galvaing, M. P, Monteil, ]. M. and Dumas, F. (1999), ‘Social
presence effects in the Stroop task: Further evidence for an attentional
view of social facilitation’, Journal of Personality and Social Psychology, 77:5,
pp. 1011-25, https://doi.org/10.1037//0022-3514.77.5.1011. Accessed 14
January 2022.

Huotari, K. and Hamari, J. (2012), ‘Defining gamification: A service marketing
perspective’, in A. Lugmayr (ed.), Proceedings of MindTrek 2012, Tampere,
Finland, October, Tampere: ACM Press, pp. 17-22.

Jung, J. H., Schneider, C. and Valacich, J. (2010), ‘Enhancing the moti-
vational affordance of information systems: The effects of real-time
performance feedback and goal setting in group collaboration environ-
ments’, Management Science, 56:4, pp. 724-42, https://doi.org/10.1287/
mnsc.1090.1129. Accessed 14 January 2022.

Kerr, D. S. and Murthy, U. S. (2004), ‘Divergent and convergent idea gene-
ration in teams: A comparison of computer-mediated and face-to-face
communication’, Group Decision and Negotiation, 13:4, pp. 381-99, https://
doi.org/10.1023/B:GRUP.0000042960.38411.52. Accessed 14 January 2022.

280 Journal of Gaming & Virtual Worlds


https://doi.org/10.1037/0021-9010.79.1.77
https://doi.org/10.1177/0146167206287640
https://doi.org/10.1016/j.chb.2014.07.048a
https://doi.org/10.1016/j.chb.2014.07.048a
https://doi.org/10.1016/j.compedu.2014.08.019
https://doi.org/10.1002/ejsp.81
https://doi.org/10.1002/ejsp.81
https://doi.org/10.1037//0022-3514.77.5.1011
https://doi.org/10.1287/mnsc.1090.1129
https://doi.org/10.1287/mnsc.1090.1129
https://doi.org/10.1023/B:GRUP.0000042960.38411.52
https://doi.org/10.1023/B:GRUP.0000042960.38411.52

Gamification and social comparison processes in electronic brainstorming

Koivisto, J. and Hamari, J. (2019), ‘The rise of motivational information
systems: A review of gamification research’, International Journal of
Information Management, 45, pp. 191-210, https://doi.org/10.1016/].ijin-
fomgt.2018.10.013. Accessed 14 January 2022.

Kyewski, E. and Kramer, N. C. (2018), “To gamify or not to gamify? An experi-
mental field study of the influence of badges on motivation, activity, and
performance in an online learning course’, Computers & Education, 118,
pp. 25-37, https://doi.org/10.1016/j.compedu.2017.11.006. Accessed 14
January 2022.

Lee, J. J. and Hammer, J. (2011), ‘Gamification in education: What, how, why
bother? Definitions and uses’, Exchange Organizational Behavior Teaching
Journal, 15, pp. 1-5.

Le Hénaff, B., Michinov, N., Le Bohec, O. and Delaval, M. (2015), ‘Social
gaming is inSIDE: Impact of anonymity and group identity on performance
in a team game-based learning environment’, Computers & Education, 82,
pp- 84-95, https://doi.org/10.1016/j.compedu.2014.11.002. Accessed 14
January 2022.

Marache-Francisco, C. and Brangier, E. (2015), ‘Gamification and human-
machine interaction: A synthesis’, Le Travail Humain, 78:2, pp. 165-89,
https://doi.org/10.3917/th.782.0165. Accessed 14 January 2022.

Michinov, N., Jamet, E., Métayer, N. and Le Hénaff, B. (2015), ‘The eyes of
creativity: Impact of social comparison and individual creativity on perfor-
mance and attention to others” ideas during electronic brainstorming’,
Computers in Human Behavior, 42, pp. 57-67, https://doi.org/10.1016/j.
chb.2014.04.037. Accessed 14 January 2022.

Michinov, N. and Primois, C. (2005), ‘Improving productivity and creativity in
online groups through social comparison process: New evidence for asyn-
chronous electronic brainstorming’, Computers in Human Behavior, 21:1,
pp. 11-28, https://doi.org/10.1016/j.chb.2004.02.004. Accessed 14 January
2022.

Paulus, P. B. and Dzindolet, M. T. (1993), “Social influence processes in group
brainstorming’, Journal of Personality and Social Psychology, 64:4, pp. 575-86,
https://doi.org/10.1037/0022-3514.64.4.575. Accessed 14 January 2022.

Peng, W. and Crouse, J. (2013), ‘Playing in parallel: The effects of multipla-
yer modes in active video game on motivation and physical exertion’,
Cyberpsychology, Behavior, and Social Networking, 16:6, pp. 423-27, https://
doi.org/10.1089/cyber.2012.0384. Accessed 14 January 2022.

Prasad, K. and Mangipudi, M. R. (2021), ‘Gamification for employee engage-
ment: An empirical study with e-commerce industry’, Montenegrin Journal
of Economics, 17:2, pp. 163-74.

Raftopoulos, M. (2014), “Towards gamification transparency: A concep-
tual framework for the development of responsible gamified enterprise
systems’, Journal of Gaming & Virtual Worlds, 6:2, pp. 159-78.

Richter, G., Raban, D. R. and Rafaeli, S. (2015), ‘Studying gamification: The
effect of rewards and incentives on motivation’, in T. Reiners and L. C.
Wood (eds), Gamification in Education and Business, Cham: Springer, pp.
21-46.

de Rooij, A., Corr, P. ]. and Jones, S. (2017), Creativity and emotion: Enhancing
creative thinking by the manipulation of computaional feedback to deter-
mine emotional intensity’, in D. A. Shamma and J. Yew (eds), Proceedings of
C&C 2017, Creativity & Cognition, Singapore, June, Singapore: ACM Press,
pp- 148-57.

www.intellectbooks.com 281


https://doi.org/10.1016/j.ijinfomgt.2018.10.013
https://doi.org/10.1016/j.ijinfomgt.2018.10.013
https://doi.org/10.1016/j.compedu.2017.11.006
https://doi.org/10.1016/j.compedu.2014.11.002
https://doi.org/10.3917/th.782.0165
https://doi.org/10.1016/j.chb.2014.04.037
https://doi.org/10.1016/j.chb.2014.04.037
https://doi.org/10.1016/j.chb.2004.02.004
https://doi.org/10.1037/0022-3514.64.4.575
https://doi.org/10.1089/cyber.2012.0384
https://doi.org/10.1089/cyber.2012.0384

Jérdme Guegan | Stéphanie Buisine | Julien Nelson | Frédéric Vernier

Sailer, M., Hense, J. U., Mayr, S. K. and Mandl, H. (2017), ‘How gamification
motivates: An experimental study of the effects of ‘game design elements
on psychological need satisfaction’, Computers in Human Behavior, 69, pp.
371-80, https://doi.org/10.1016/j.chb.2016.12.033. Accessed 14 January 2022.

Schmitt, L., Buisine, S., Chaboissier, J., Aoussat, A. and Vernier, F. (2012),
‘Dynamic tabletop interfaces for increasing creativity’, Computers in Human
Behavior, 28:5, pp. 1892-901, https://doi.org/10.1016/j.chb.2012.05.007.
Accessed 14 January 2022.

Seaborn, K. and Fels, D. I. (2015),’Gamification in theory and action: A survey’,
International Journal of Human—Computer Studies, 74, pp. 14-31, https://doi.
org/10.1016/.ijhcs.2014.09.006. Accessed 14 January 2022.

Seta, J. J. (1982), The impact of comparison processes on coactors’ task perfor-
mance’, Journal of Personality and Social Psychology, 42:2, pp. 281-91, https://
doi.org/10.1037/0022-3514.42.2.281. Accessed 14 January 2022.

Seta, J. J., Seta, C. E. and Donaldson, S. (1991), ‘The impact of compari-
son processes on coactors’ frustration and willingness to expend effort’,
Personality and Social Psychology Bulletin, 17:5, pp. 560-68, https://doi.
org/10.1177/0146167291175011. Accessed 14 January 2022.

Silvia, P. J., Winterstein, B. P, Willse, J. T., Barona, C. M., Cram, J. T., Hess,
K. I. and Richard, C. A. (2008), “Assessing creativity with divergent thin-
king tasks: Exploring the reliability and validity of new subjective scoring
methods’, Psychology of Aesthetics, Creativity, and the Arts, 2:2, pp. 68-85,
https://doi.org/10.1037/1931-3896.2.2.68. Accessed on 14 January 2022.

Simlesa, M., Guegan, ]., Blanchard, E., Tarpin-Bernard, F. and Buisine, S.
(2018),"The Flow Engine Framework: A cognitive model of optimal human
experience’, Europe’s Journal of Psychology, 14:1, pp. 232-53, https://doi.
org/10.5964/ejop.v14i1.1370. Accessed 14 January 2022.

Torrance, E. P. (1966), The Torrance Tests of Creative Thinking, Princeton, NJ:
Personnel Press.

Valacich, J. S., Dennis, A. R. and Connolly, T. (1994), Idea generation in compu-
ter-based groups: A new ending to an old story’, Organizational Behavior
and Human Decision Processes, 57:3, pp. 448-67, https://doi.org/10.1006/
obhd.1994.1024. Accessed 14 January 2022.

Wallach, M. A. and Kogan, N. (1965), Modes of Thinking in Young Children: A Study
of the Creativity—Intelligence Distinction, New York: Holt, Rinehart & Winston.

Webster, J., Trevino, L. K. and Ryan, L. (1994), “The dimensionality and corre-
lates of flow in human-computer interactions’, Computers in Human
Behavior, 9:4, pp. 411-26, https://doi.org/10.1016/0747-5632(93)90032-N.
Accessed 14 January 2022.

Werbach, K. (2014), ‘(Re)defining gamification: A process approach’, in A.
Spagnolli, L. Chittaro and L. Gamberini (eds), Proceedings of International
Conference on Persuasive Technology, Padua, Italy, May, Cham: Springer, pp.
266-72.

Zichermann, G. and Linder, J. (2010), Game-Based Marketing: Inspire Customer
Loyalty Through Rewards, Challenges, and Contests, Hoboken, NJ: Wiley.

SUGGESTED CITATION

Guegan, Jérome, Buisine, Stéphanie, Nelson, Julien and Vernier, Frédéric
([2021] 2022), ‘Gamification and social comparison processes in electro-
nic brainstorming’, Journal of Gaming & Virtual Worlds, 13:3, pp. 265-83,
https://doi.org/10.1386/jgvw_00042_1

282 Journal of Gaming & Virtual Worlds


https://doi.org/10.1016/j.chb.2016.12.033
https://doi.org/10.1016/j.chb.2012.05.007
https://doi.org/10.1016/j.ijhcs.2014.09.006
https://doi.org/10.1016/j.ijhcs.2014.09.006
https://doi.org/10.1037/0022-3514.42.2.281
https://doi.org/10.1037/0022-3514.42.2.281
https://doi.org/10.1177/0146167291175011
https://doi.org/10.1177/0146167291175011
https://doi.org/10.1037/1931-3896.2.2.68
https://doi.org/10.5964/ejop.v14i1.1370
https://doi.org/10.5964/ejop.v14i1.1370
https://doi.org/10.1006/obhd.1994.1024
https://doi.org/10.1006/obhd.1994.1024
https://doi.org/10.1016/0747-5632(93)90032-N
https://doi.org/10.1386/jgvw_00042_1

Gamification and social comparison processes in electronic brainstorming

CONTRIBUTOR DETAILS

Jérome Guegan is associate professor in social psychology at Université de
Paris, France. His research focuses on creativity and group processes in
computer-mediated communication. He studied in particular the influence of
avatars and virtual environments on creativity and sociocognitive processes.

Contact: LaPEA, Université de Paris, Institute of Psychology, 71 avenue
Edouard Vaillant, 92100, Boulogne Billancourt, France.
E-mail: jerome.guegan@parisdescartes.fr

https://orcid.org/0000-0002-6275-7258

Stéphanie Buisine is research director in CESI Graduate School of Engineering
in Nanterre, France. She leads the research team dedicated to understanding
and enhancing innovation processes in LINEACT CESI. With a background in
psychology, ergonomics and human—-computer interaction, her research inter-
ests include creativity, innovation strategies as well as organizational culture.
In particular, she has contributed to research on technology-supported crea-
tivity (e.g. multi-user, multimodal and immersive technologies).

Contact: CESI, LINEACT, 93 boulevard de la Seine, 92000, Nanterre, France.
E-mail: sbuisine@cesi.fr

https://orcid.org/0000-0002-1389-570X

Julien Nelson is associate professor in human computer interaction and
ergonomics at Université de Paris, France. His research focuses on creativity,
prospective ergonomics and technology.

Contact: LaPEA, Université de Paris, Institute of Psychology, 71 avenue
Edouard Vaillant, 92100, Boulogne Billancourt, France.
E-mail julien.nelson@parisdescartes.fr

https://orcid.org/0000-0002-3600-042X

Frederic Vernier is an associate professor in computer sciences in Paris-Saclay
University. His research interests are information visualization and human-
computer interaction. He collaborates with researchers in many fields to apply
state-of-the-art and novel technics issued from the rich field of his back-
ground, mainly focusing on temporal and spatial organization of data. He
contributed to the development of several systems for group creativity (on
tabletop interfaces as well as distant groupware).

Contact: Université Paris-Saclay, CNRS, Inria, LISN, France.
E-mail: frederic.vernier@universite-paris-saclay.fr

https://orcid.org/0000-0003-2728-3066

Jérome Guegan, Stéphanie Buisine, Julien Nelson and Frédéric Vernier have
asserted their right under the Copyright, Designs and Patents Act, 1988, to
be identified as the authors of this work in the format that was submitted to
Intellect Ltd.

www.intellectbooks.com 283


mailto:jerome.guegan@parisdescartes.fr
mailto:sbuisine@cesi.fr
mailto:julien.nelson@parisdescartes.fr
mailto:frederic.vernier@universite-paris-saclay.fr



