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Introduction

Recent studies suggest that teamwork could benefit from
gamification, i.e., the use of game elements in non-game contexts
(Deterding, Dixon, Khaled, & Nacke, 2011). For example,
game-like incentive mechanisms are introduced that award
participants with points for certain activities, which lead to
positive effects of increased productivity (Mekler, Brithlmann,
Opwis, & Tuch, 2013) and collaborative behavior (Moccozet,
Tardy, Opprecht, & Léonard, 2013). These interventions are
promising, yet they adopt a rather narrow research approach, only
demonstrating the effect of single game elements, like awarding
points for particular activities.

Gamification research should broaden its scope to
understand and optimize its potential effects properly. Moreover,
unintended negative effects should be addressed. Knaving and
Bjork (2013) suggest that an inappropriate underlying model or
mandatory game actions can easily overshadow the non-game
goal of a gamification. Yet gamification research generally does
not address negative effects (Hamari, Koivisto, & Sarsa, 2014).
Most experiments take a systemic perspective in which the
introduced game element and its intended effect are leading. This
often leads to no or weak results because games are complex
systems in which player behavior is hard to predict.

To explore the full potential of gamification, a user-centered
perspective (Huotari & Hamari, 2012; Visch, Vegt, Anderiesen,
& van der Kooij, 2013) seems more fruitful because the user’s
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behaviors and experiences essentially define its effect. Hence,
we take user experience and behavior as the starting point for
the development of a gamification. To understand users in a
gamified situation better, Visch et al. (2013) suggest that a user’s
experience lies on a continuum between the extremes of a real
world experience and game world experience (see Figure 1). By
adding game elements to a real world situation, such as winning
coins in a brainstorm meeting, the user’s experience may be
transported (Green, Brock, & Kaufman, 2004) towards a game
world experience (i.e., the feeling of playing a game). In gamified
contexts, the resulting gameful experience (McGonigal, 2011)
could then affect the non-game situation, which is referred to as
the transfer effect. For example, in the case of adding coins to a
business meeting, the playfulness of shoving coins to each other
could affect the tone of a conversation, which could possibly lead
to a transfer effect of more creative outcomes.
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In the present article, we examine the transfer effect of
a structured series of gamifications for group brainstorming.
Group brainstorming is common practice in many disciplines
and generally the process is still based on the four original rules
introduced by Osborn (1963): 1) withhold criticism, 2) welcome
unusual ideas, 3) combine and improve ideas, and 4) focus on
quantity. However, since then, research gained many new insights,
suggesting that Osborn’s rules are not sufficient for productive
brainstorm sessions (Sutton & Hargadon, 1996). Throughout
the years, many methods have been developed to improve
group brainstorms. For example, gamestorming is a method that
generates game worlds in which participants can jointly produce
ideas (Gray, Brown, & Macanufo, 2010). Instead of preparing a
gamestorm session, just adding game elements to a brainstorm
might lead to an equally beneficial game world experience.

To evoke a game world experience, rules are commonly
mentioned as an essential element (Caillois, 1961; Juul, 2003;
McGonigal, 2011). By adding game rules to a group brainstorm,
group members get an increased feeling of playing a game (i.e.,
gameful experience). This could lead to enhanced creativity
since creativity is commonly related to intrinsic motivational
states (Amabile, 2012) and game rules generally derive their
motivational power by tapping into intrinsic needs, i.e., autonomy,
competence and social relatedness (Ryan, Rigby, & Przybylski,
2006). Moreover, rules can stimulate behavior that is beneficial
for brainstorm output (see Figure 2). However, according to
Figure 1, if game rules move a user’s experience towards the
game world, they move it away from the real world. Increased
engagement with the gamification could therefore be expected to
reduce the user’s engagement with the brainstorm (see Figure 2).
Consequently, an optimum between positive and negative effects
of adding invasive game rules needs to be found, and this will be
researched in the present study.

Game
rules

Game world experience

Game Game
behavior engagement

<+ | Gameful experience

Brainstorm
engagement

Brainstorm
behavior

Real world experience
VoS
Brainstorm
output

Figure 2. Initial model for the gamification of group brainstorming.
In order to find such an optimal configuration of rules,

this article describes an experiment examining the transfer effect
of varying rule-sets in a coin-based gamification for brainstorm
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sessions. The article is organized as follows. First we look into
group brainstorming and game design literature to specify the
initial model further (Figure 2) in a research framework that defines
possible transfer effects (see Figure 3). Based on the framework, an
experiment was set up in which rules were clustered into different
rule-sets with varying levels of invasiveness. The results of the
experiment are used to revise the research framework (Figure 14)
and to develop a model that addresses positive and negative effects
of invasive game rules in brainstorm sessions (Figure 15).

Theoretical Background

Game Rules

In relation to invasiveness, game design literature commonly
distinguishes explicit and implicit rules (Bergstrom, 2010;
Bjork & Holopainen, 2003; Salen & Zimmerman, 2004;
Sniderman, 2006). Explicit rules are the official rules of a game,
whereas implicit rules are referred to as unwritten rules. When
distinguishing game rules from a systems perspective, explicit
rules are more invasive than implicit rules, because explicit rules
ask for conscious processing and enforcement. However, from a
player perspective, implicit rules can define the invasiveness of
a game as well, for example in Hagoo, a social game in which
two players need to frown while walking towards each other
with continuous eye contact (Fluegelman, 1976). In this game,
explicit rules define the winning condition and positioning of the
players. Yet breaking the implicit social rule of staring is impolite
makes Hagoo interesting and engaging. In computer games, the
official rules generally are not perceived as rules because they are
mostly embedded into virtual objects (Jarvinen, 2008). Yet these
embedded rules, such as physical obstacles or a withdrawing
progress bar, can strongly influence game invasiveness.

Thus rather than distinguishing rules from a systems
perspective, adopting a user-centered approach seems more useful
for understanding and optimizing the effects of gamification.
From a user perspective, a large quantity of rules might already
cause stronger invasiveness as to coping with them. Moreover, the
quality of rules could influence the invasiveness of a gamification.
Knaving and Bjork (2013) stress that users should be free to
interact with the gamification and mandatory actions should be
particularly meaningful. Thus the level of obligation of rules
might influence the invasiveness of a gamification as well.

Avedon (1971) describes two categories of rules that vary
in obligation from a designer perspective: procedures for action
and rules governing action. Procedures for action force actions
upon players, such as drawing a go to jail card in Monopoly.
Conversely, rules governing action just define conditions, such
as the rules in chess that prescribe the movements chess pieces
can make. These examples demonstrate that governing rules
often require a player to make decisions, whereas procedures are
just to be followed by the player. As a result, procedures (i.e.,
forcing rules) are generally less cognitively demanding than
governing rules and can be expected to be less invasive in a
group-brainstorming task. Moreover, forcing rules may directly
stimulate behavior that is beneficial for brainstorm output, so they
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seem most suitable for the gamification of group brainstorming.
On the other hand, unlike forcing rules, governing rules can
be flexibly used in favor of attaining a real world goal, such as
producing many ideas. Governing rules provide players with
playing freedom that is commonly assumed to be crucial for a
game experience (Caillois, 1961; Juul, 2003; McGonigal, 2011;
Suits, 1978), thereby evoking intrinsic motivation that is beneficial
for creativity (Amabile, 2012).

In conclusion, when designing a gamification, the
obligation of rules can be used to achieve varying rule qualities
that we assume could be beneficial for the outcome of a brainstorm
meeting. Governing rules could positively influence brainstorm
output by evoking a more gameful experience in participants and
forcing rules could evoke beneficial behavior.

Group Brainstorming

As explained in the introduction, the original group brainstorming
method (Osborn, 1963) contained four rules to achieve maximal
creativity and creative productivity through interaction between
individuals. Recent studies on group brainstorming suggest that
these rules are not sufficient. Thus to develop game rules that
benefit brainstorm output, we needed to gain a better understanding
of the elements that influence the quantity (i.e., productivity) and
quality of brainstorm output.

Productivity

As Osborn assumed, exposure to ideas of others indeed positively
influences brainstorm productivity (Dugosh & Paulus, 2005).
However, many studies on group brainstorming consistently
observe that groups are less productive than individuals when
generating ideas. Literature suggests several reasons for this group
productivity gap (Sutton & Hargadon, 1996; Brown, Tumeo,
Larey, & Paulus, 1998). One explanation is that group members
avoid expressing ideas because they worry about the opinion of
others (i.e., evaluation apprehension). It is also suggested that
individuals in groups do not feel accountable for producing ideas
and as a result devote less effort to it (i.e., free-riding). Another
explanation is that team members tend to match their productivity
to members that generate fewer ideas (Brown & Paulus, 1996).
Moreover, research suggests that individuals overestimate their
productivity in group-brainstorms. They tend to claim more
ideas than they actually produce (Paulus, Dzindolet, Poletes, &
Mabel Camacho, 1993). The strongest support exists for the fact
that, compared to working alone, waiting for your turn to talk
as well as listening to others can hamper idea generation (i.e.,
production blocking). In fact, Nijstad, Stroebe, and Lodewijkx
(2006) demonstrate that production blocking partly explains
overestimation of one’s productivity. Waiting for and listening to
others leads to fewer new ideas, yet also to fewer failures, and
reduction of failures mostly influences one’s satisfaction.

In order to benefit from group brainstorming, attention to
each other’s ideas and performance feedback are mostly mentioned
as crucial factors (Brown et al., 1998). Paulus, Putman, Dugosh,
Dzindolet, and Coskun (2002) suggest that the group process needs
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to maximize exchange of ideas and minimize distracting effects of
task-irrelevant discussions. Members should be encouraged to be
attentive to ideas of other group members while they are sharing them.
Performance feedback can reduce free riding and overestimation
(Harkins & Szymanski, 1989). Monitoring each other’s tasks was
found to improve coordination and feedback processes (Marks &
Panzer, 2004). Yet individual performance feedback could also lead
to evaluation apprehension. Jung, Schneider, and Valacich (2010)
suggest that adopting a temporary identity overcomes evaluation
apprehension while keeping the benefits from social comparison.
Another solution to maximize idea generation could be to provide
feedback on behavioral factors, such as individual speaking time or
information exchange. Yet such types of feedback generally lead to
moderate performance, because group members tend to adapt their
effort to underperforming members and high performing teams can
get distracted (DiMicco, Pandolfo, & Bender, 2004; Tausczik &
Pennebaker, 2013).

In conclusion, to stimulate productivity in a group
brainstorm, Osborn’s rules of combining and improving ideas and
focusing on quantity should be refined. To combine and improve
ideas, team members should be encouraged to listen carefully to
cach other’s ideas. To assure a focus on quantity, team members
should be allowed to stimulate one another by giving positive as
well as negative feedback on each other’s productivity.

Quality of Ideas

Next to producing many ideas, Osborn’s rules (1963) were meant
to increase the quality of ideas. Yet rather than withholding
criticism, conflict is often mentioned as a positive factor for the
quality of ideas (Jehn, 1995). Conflicts stimulate team members
to think more creatively to resolve the problem that interferes with
their goal achievement (Jung & Lee, 2015). Cognitive conflict
(i.e., conflict about tasks and goals) is generally found to improve
creative team performance, whereas affective conflict (interfering
with relationships) is generally detrimental (Wu et al., 2015). Yet
even affective conflict can be beneficial. Yong, Sauer, and Mannix
(2014) demonstrate that if one team member experiences affective
conflict and the others do not, it positively influences novelty of
ideas. However, controlling affective conflict is difficult, thus it is
generally recommended to avoid it.

Avoiding affective conflict and encouraging cognitive
conflict may be achieved by framing discussions towards learning
instead of performance goals (Huang, 2010) and by emphasizing
on collective instead of individual goal achievement (Deutsch,
2006). The extent to which cognitive conflict is beneficial
depends on the way groups deal with it. Generally, when groups
adopt a collaborative conflict behavior style (i.e., striving for a
win-win solution) they are found to arrive at the most successful
outcomes (Weingart & Jehn, 2003). However, in creative group
processes, adopting a pure collaborative style seems less effective.
Badke-Schaub, Goldschmidt, and Meijer (2010) demonstrate that
design teams that exhibit relatively more competitive conflict
behavior produce more new ideas and are more associative,
leading to high innovation and functionality in design concepts.
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In conclusion, Osborn’s rule of withholding criticism
requires refinement to lead to high quality brainstorm output.
Indeed, personal or emotional criticism should be avoided, yet
criticism in relation to the collective output should be allowed,
because competition among group members can stimulate the
quality and quantity of brainstorm output.

Research Framework

Based on the above-described insights, we developed a framework
for the gamification of group brainstorms (see Figure 3). Group
brainstorming literature provides a variety of ways to improve
brainstorm processes and two factors stand out that could be
addressed well by gamification: individual performance feedback
and competitive behavior. By introducing a game-like feedback
mechanism in which participants judge each other on their
contribution to the brainstorm, they may become more attentive
to each other’s ideas. Moreover, games often are competitive
systems of conflict (Salen & Zimmerman, 2004) providing many
mechanics that could stimulate competitive conflict behavior,
such as opponents competing for the best idea or a zero-sum score
distribution in which only one idea survives.

As described by the framework (Figure 3), forcing rules
can be used to achieve a positive transfer effect on the quality
of brainstorm output by evoking competitive game behavior that
stimulates competitive conflict behavior. For a positive transfer
effect on productivity, governing rules need to provide a system of
individual performance feedback that stimulates attention to each
other’s ideas. However, as explained in the introduction, we also
expect a negative transfer effect of the quantity of rules within
a gamification layer. With an increasing number of game rules,
participants are expected to pay more attention to the gamification
and reduce their attention to the brainstorm, leading to reduced
output quality and quantity. In other words, increased engagement
in the game world probably weakens the intended positive transfer
effect in the real world.

Game rules

[ Forcing ] I Governing I

Game behavior

'gngagement
Competitive pelr:z)l:rl:::clze Attention to
ame behavior the game
9 V! feedback 9
1)+ 2)+
Brainstorm behavier e?];a;r;tn%"gt
°°"‘p$|f'tt"’e Attention to Attention to
contiic each other the brainstorm
behavior

| Quality | |Productivity|

Brainstorm output

J

Figure 3. Expected transfer effects of game rules on
brainstorm output. 1) Positive effect on quality by evoking
competition, 2) positive effect on productivity by evoking attention
to each other, 3) negative effect on brainstorm output due to
distraction by the game.
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Study Design

To find the optimal invasiveness of a gamification layer, we
developed a game with gold-colored coins (see Figure 5) in which
participants reward and punish each other for their contribution to
the brainstorm by giving and taking coins. Based on the research
framework, the game rules were designed to stimulate behavior
that would improve brainstorm output. After designing the rules
of the brainstorm gamification (described below), 5 rule-sets
were defined to achieve variance in invasiveness (see Table 1).
The rule-sets increased in quantity of rules, with rule-set 1 only
containing the basic rules and rule-set 5 containing all rules.
Moreover, they varied in quality as to the number of governing,
forcing, and embodied rules. The increasing quantity of rules
across rule-sets was expected to increase the invasiveness of
the gamification. In particular rule-set 2 was expected to raise
attention to the gamification due to the large number of additional
governing rules. Only the additional rule in rule-set 5 was
expected to reduce invasiveness.

The rule-sets were randomly assigned to 10 groups, such
that each rule-set was played in 2 sessions. As shown in Figure 4,
we measured invasiveness of the gamification, brainstorm behavior
and engagement, and brainstorm output. During the brainstorm,
video recording and observations captured the participants’
behavior. At the end of a session, participants filled in a
questionnaire about their behavior and engagement. To measure
brainstorm output, two experts assessed the number of different
ideas, the originality of ideas, and the feasibility of ideas (Amabile
& Pillemer, 2012; Christiaans, 2002). One researcher conducted
the study by observing the brainstorms live on a monitor and
assessing brainstorm output afterwards. A second researcher first
assessed the output and observed videos afterwards to avoid biased
judgment. To increase the participants’ commitment, the five best
performing groups would be rewarded with prize money.

Rule-sets (independent variables)

Game rule quantity
Game rule quality

Gamification invasiveness

I

Attention to the game @
Perceived coin use 9
Observed coin use °

Brainstorm behavior & engagement

Contribution 9
Conflict behavior ¢
Teamwork @

Extraneous variables

Group composition
Skills, knowledge, attitude 3
Social relations *
Work relations *©

Attention to the brainstorm ¢
Involvement in the assignment ¢
Responsibility for the outcome ¢

I(

Brainstorm output

Quality / productivity assessment °
Satisfaction @

Figure 4. Study variables with rule-sets as independent
variable and invasiveness, behavior & engagement and
output as dependent variables
(9: questionnaire, °: observation, *: pre-selection).
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Figure 5. Design students in a brainstorm session with the
coin game (rule-set 4).

Procedure

Ten groups of four design students were asked to participate in
a 30-minute brainstorming challenge. One session, including
introduction and filling in questionnaires, took approximately 1
hour. Each group was separately welcomed in a neutral room and
sat around one table to work on. They received the game material,
an instruction sheet and explanation from the researcher about the
assessment procedure, distribution of prize money, and the rules of
the game. Groups with rule-set 1 received instructions explaining
that one could give each other coins for useful contributions
to the brainstorm and take coins for criticizing each other’s
contributions. Groups with subsequent rule-sets received the rules
as described in Table 1. The rule of taking coins every 5 minutes
was announced through an intercom by the researcher sitting in a
separate room. In rule-set 5 participants received cups instead of
sheets as pools, so they would not see each other’s coins.

After the introduction, participants were asked to sign a
consent form, stating that they understood the rules and procedure.
Next, they would receive several colored pencils, large flip-over
sheets, and a description of the assignment. When participants
started to read the assignment, the researcher started a 30-minute
timer (not visible for the participants). The assignment consisted
of two phases: 1) domain selection, and 2) idea generation.
To avoid spending much time on discussing the domain, the
groups had to choose a user (elderly, young children, teenagers,
professionals), context (hospital, shopping mall, airport, outdoor),
and product category (mobility, clothing, tools, entertainment).
We assumed that they would choose a domain that would be easy
for them, thereby equalizing the influence of prior experiences
and interests. After 30 minutes, the participants had to put down
their pencils and make final coin transactions if necessary (in rule-
sets 4 and 5). Next, they would fill in the questionnaire. When all
participants were done, they were debriefed about the purpose of
the experiment and again reminded of the procedure for assessing
and rewarding their output.

Brainstorm Game Rules

Participants started with 3 coins (rule 1 in Table 1). Pilot tests
demonstrated that this number was low enough to make participants
carefully consider their transactions and large enough to keep
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Table 1. Rules of the brainstorm gamification.

Rules

Rule-set 1

Rule-set 2 Rule-set 3 Rule-set 4 Rule-set 5

1. 3 Coins per participant

2. Give and take coins

3. Most coins wins
a. Most coins in profit wins

4. Stock pool / profit pool
a. Receive is profit / take is stock
b. Own stock to profit prohibited
c. Take from profit, otherwise stock

5. Take 2 coins every 5 minutes

6. Stock pool size limit (4 coins)

7. Stock must be empty at the end

8. Pools are blinded

Note: Light grey: embodied rules; medium grey: governing rules; dark grey: forcing rules.

exchange going. The rules explicitly allowed taking and giving
(rule 2), and the winning condition was to own the most coins in
the end (rule 3). To retain participants from excessively taking coins
from each other in order to win, the winning condition was restricted
to coins that were given to someone (rule 3a). To clarify this rule, a
stock and profit pool was introduced (rule 4). Only received coins
go into the profit pool. The start-coins and taken coins had to go into
the stock pool (rule 4a). Consequently, the profit pool resembled
one’s score and the stock pool contained coins that could be used
for exchange but would not count as score. Transporting one’s own
stock coins to one’s profit pool was prohibited (rule 4b). Moreover,
to keep the exchange going, one had to take coins from the other’s
profit pool, unless it was empty (rule 4c).

Rule 5 forced the group every five minutes to designate
one participant to take two coins. This rule was added because
individuals tend to reward good contributions more frequently
than they punish bad contributions (Wang, Galinsky, &
Murnighan, 2009). As rule 5 would lead to a large increase of
coin taking, a size limit was introduced for the stock pool (rule
6) to force participants to give away coins when they had taken
many (see Figure 6). Moreover, rule 7 obligated participants to
give away all stock coins before the end of the meeting. To avoid

that participants would become too strategic in exchanging coins
(e.g., exchange coins to equalize scores or only take coins from
high performing participants), they could not see the state of each
other’s pools (rule 8). In this way, participants were expected to
focus more on rewarding or punishing brainstorm contributions
instead of winning the game.

Participants

Eight groups consisted of Masters students at the design faculty of
Industrial Design Engineering at Delft University of Technology.
Two groups contained one and two students with another
background. Four groups consisted of only male participants;
the other groups were mixed with either predominantly male
participants or an equal gender distribution. All participants were
familiar with group brainstorming, thus individual experience level
and group coherence, important factors for group productivity
(Bottger & Yetton, 1987), were expected to be similar. Moreover,
all groups consisted of participants that already knew each other,
because social factors were expected to play a role. Three groups
had worked together before, four groups consisted of friends, and
three groups had worked together and were friends.

Figure 6. Taking 2 coins obliges the taker to give 1 coin because he owns more than 4.
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Measures
Brainstorm Output

Brainstorm output measurement reflected the assessment criteria
for the challenge. As described above, two researchers performed
the assessment. The number of varying ideas assessed productivity.
The quality of ideas was assessed by rating the originality and
feasibility (scale 1-10) of the total set of ideas that were drawn on
the paper sheets (see Figure 7). For example, brainstorm output
containing just one highly original idea would be rated higher
than five moderately original ideas. In this way, quality and
productivity were separate measures of brainstorm output.

Observations

As explained earlier, one researcher observed the sessions live on
amonitor in a separate room. A second researcher did observations
through the recorded videos. The main purpose of the observations
was to count coin transactions, marked by direction (giving and
taking) and obligation (voluntary and obligatory). While counting
coin transactions, the researchers also made qualitative notes on
other behavior that stood out, such as long discussions about the
rules or the vividness of brainstorm discussions.

Questionnaire

After the brainstorm, a questionnaire examined perceived
behavior and engagement (see Appendix I). In this questionnaire,
first the participants were asked about brainstorm behavior in
terms of one’s own contribution and contribution of the others.
Next, the questionnaire inquired the participants’ perception of
conflict behavior (criticizing and complementing) and attention
to each other (ignoring and noticing). Brainstorm engagement
was measured through statements regarding own and others’
involvement with the assignment and responsibility for the
outcome. Gamification invasiveness was measured through
statements about the number of coins used and one’s attention
to the game. For comparison, the questionnaire also inquired
attention to the brainstorm. Next to the main variables, the
questionnaire inquired the coin game’s added value, satisfaction
with brainstorm output, and quality of the teamwork.

Figure 7. Bra}nétorm output. a) Least productive group, b) most productive group.
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Results

The data was analyzed in three steps (see Figure 8). The first
step examined the variation in brainstorm output between
rule-sets to find effects of the quantity and quality of rules.
Secondly, we investigated to what extent the rule-sets led to
variation in invasiveness of the gamification and its subsequent
effect on brainstorm output. Thirdly, the mediating effect
through brainstorm behavior and engagement was analyzed.
Before describing the results of each step we describe the data
and observations.

Data and Observations

Altogether, the groups produced 112 ideas. The most productive
group came up with 19 ideas and the least productive group
generated four ideas (see Figure 9). The former group (group 2)
quickly started drawing, whereas the latter group (group 7) spent
a considerable amount of time on exploring the domain (see
mind map in Figure 7a). The participants seemed aware of their
own approach, as participants of the productive group reported
strong engagement with brainstorm output and participants in
the unproductive group reported stronger engagement with the
process (see Table 4 in Appendix II).

The variation in quality of ideas among the groups was
relatively small. Groups scored on average 6.0 on originality, with
the best performing group scoring 8.0 and the worst performing
group 4.0. The average score regarding feasibility was 6.6, ranging
between 8.5 and 4.0. The two assessments per group generally
matched or just varied by 1 point. Only regarding the originality
of ideas of group 4, and the originality and feasibility of group
9, assessments deviated more. In both cases, the drawings were
unclear and prone to different interpretations.

Observations suggest that most groups used the coins
meaningfully. In the first five minutes, half of the groups already
exchanged coins voluntarily with comments such as: “good
argument, you deserve a coin”. On average, ten coins were
exchanged voluntarily in a session. In sessions with forcing rules,
seven obligatory coin transactions were carried out additional to
the voluntary transactions. Figure 10 shows the total number of
coin transactions during each session, categorized by obligation
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Figure 8. Steps of data analysis. 1) The effect of rule-sets on brainstorm output, 2) the mediating effect of gamification invasiveness,
3) the mediating effect through brainstorm engagement & behavior.
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and direction. Overall, groups with the same rule-set exchanged
approximately the same number of coins and thus seem to have
followed the given rules. Only the groups with rule-set 5 differ
strongly. This could be explained by the fact that group 9 interpreted
the obligatory taking moment as the only moment to exchange
coins. After a taking round, one participant commented: “this [coin
exchange moment] feels like standing in front of a council.”

Table 4 in Appendix II shows the data of the questionnaire.
One questionnaire from group 10 was not filled in properly (all
questions were rated equally low) and thus discarded from analysis.
To get an initial indication for possible effects we used a MANOVA
with all questionnaire elements as dependent variable and the
groups as independent variable. The results revealed that groups
only varied significantly in perceived coin use F(9, 39) = 16.94,
p = .036, i1p2 = 43 and attention to the game F(9, 39) = 13.94,
p = .004, 77p2 = .53. Post hoc comparisons revealed significant
differences in attention to the game between groups 3 and 6
(»p=.005),3 & 7 (p=.021), and 6 and 9 (p = .021), which indicate
an effect of the rule-sets. The participants of group 3 (M = 1.8) and
9 (M =2.0) had less attention for the game than participants from
group 6 (M =3.8) and 7 (M = 3.5). For the other items, we found
no clear patterns that indicate an effect of the rule-sets. Instead,
they reflect common practice in group-brainstorms. Participants
were generally positive about one’s own (M = 3.5, SD = .82) and
others’ contribution (M = 3.7, SD = .75). They complemented each
other more (M = 3.5, SD = .68) than that they criticized each other
(M = 2.6, SD = 1.03) and the participants reported more noticing
(M =3.7, 8D = .83) than ignoring (M = 2.4, SD = 1.10).

Analysis Step 1:
Effect of Rule-Sets on Brainstorm Output

To examine the effect of the quantity and quality of rules on
brainstorm output, we compared output assessments per rule-set
(see Figure 11). We used a separate one-way ANOVA for each
output category with productivity, originality, and feasibility
scores as dependent variables and the rule-sets as independent
variable. Levene’s tests revealed unequal variance in productivity
(p <.001) and feasibility (p = .003), as such Welch’s tests were
used for productivity and feasibility. Trends in brainstorm output
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across rule-sets could indicate an effect of quantity of rules and
variations between individual rule-sets could indicate effects of
rule qualities. We checked for an influence of group composition
by analyzing the effect of gender distribution and internal
relationships on brainstorm output. The results did not reveal any
significant effects of group composition.

The analysis of brainstorm output per rule-set only revealed
a significant main effect of rule-sets on productivity Welch
F(4, 6.34) = 9.88, p = .007, est. w*=.78. There was a significant
linear trend (1, 15) = 15.66, p = .001, indicating that an increasing
quantity of rules reduces brainstorm productivity. The productivity
graph in Figure 11a mainly shows drops between rule-sets 1 and
2 and between rule-sets 4 and 5. This suggests a negative effect
of additional governing rules and of blinding the pools. Yet post
hoc comparisons, using the Games-Howell post hoc procedure,
indicated no significant differences between these individual
rule-sets. Thus effects of rule qualities could not be deduced.
Consequently, these results only indicate a negative effect of game
rule quantity on brainstorm productivity. Brainstorm output quality
(i.e., originality and feasibility) was not directly affected.

Analysis Step 2: Gamification Invasiveness

Effect of Rule-Sets on Gamification Invasiveness

As an increasing number of game rules reduced productivity, we
expected that participants experienced increased invasiveness
of the gamification across rule-sets. To define and analyze
gamification invasiveness; we combined attention to the game,
perceived coin use, and observed coin use (a =.91; see Figure 12).
Observed coin use was transformed to a 1-5 scale (as shown in the
y-axis on the right) to resemble the other two items. Moreover,
the average rating of attention to the game and perceived coin use
was taken because they both seem to have measured perceived
invasiveness of using the coins. The variation in gamification
invasiveness between rule-sets (see outlined bars in Figure 12)
was examined using a one-way ANOVA with the rule-sets as
independent variable and invasiveness as dependent variable.
The results revealed a significant variation in invasiveness as a
result of the rule-sets F(4, 19) =5.01, p =.009, *>=.57. Post-hoc
comparisons, using Tukey’s test, revealed significant variation
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Figure 11. Brainstorm output assessment per rule-set (line: significant trend).
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in invasiveness of the gamification between rule-sets 2 and 4
(p = .004), indicating that the forcing rules led to a statistically
significant increase of gamification invasiveness.

The
investigate the users’ game behavior and experience in more
detail. We analyzed the effect of rule-sets on perceived coin use
and attention to the game using a MANOVA with the rule-sets as
independent variable and all questionnaire elements as dependent

separate invasiveness items were analyzed to

variables. The results revealed a significant multivariate effect
F(80, 72) = 1.69, p = .012, npz = .65 with significant variation
between rule-sets in perceived coin use F(4, 34) = 5.39, p = .002,
’7,,2 = .39 and attention to the game F(4, 34) = 5.04, p = .003,
n,? = .37. Post-hoc comparisons revealed significant variation in
perceived coin use between rule-sets 2 and 4 (p = .002) and 4 and
5 (p=.008), and in attention to the game between rule-sets 2 and 3
(»p=.022),2 and 4 (p =.009), and 4 and 5 (p = .036). Hence, next
to the positive effect of forcing rules, blinding the pools reduced
perceived invasiveness.

The effect of rule-sets on observed coin use was analyzed
using a one-way ANOVA with the number of transactions
as dependent variable. The analysis revealed no significant
variation, probably due to the low number of brainstorm sessions
per rule-set. We did find significant variation when separating
coin exchange in directions (i.e., giving and taking). The results
revealed a significant variation between rule-sets in the number of
taken coins Welch F(4,2.37) = 28.95, p = .021, est. > =.92. Post
hoc comparisons, using the Games-Howell post hoc procedure,
indicated that rule-set 3 led to significantly more coin taking than
rule-set 2 (p =.015), which is explained by the forcing coin taking
rule in rule-set 3 (rule 5 in Table 1).

Effect of Gamification Invasiveness on
Brainstorm Output

As the invasiveness of the gamification did not vary strongly,
analyses of the effect of invasiveness on output did not reveal
significant results. To get an indication of possible transfer effects,
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we exploratively examined the relationship between invasiveness
and brainstorm output by calculating correlations. The results,
shown in Table 2, indicate that overall invasiveness did not relate
to brainstorm output. Yet the separate invasiveness items do
reveal significant correlations. We found a strong and significant
positive relationship between perceived coin use and originality.
Groups that perceived more coin use generally scored higher
on the originality of their ideas (see Figure 13a). Moreover, the
observed number of voluntary taken and obligatory given coins
correlated significantly with productivity. Voluntary taking related
positively to productivity, suggesting that competitive game
behavior may have stimulated idea generation. Obligatory giving
correlated negatively with productivity, which indicates reduced
productivity due to obligatory transactions.

Analysis Step 3:
Brainstorm Engagement and Behavior

To examine the mediating effect of brainstorm engagement and
behavior, correlations were calculated as well (see Table 3).
The correlations with attention to the game and perceived coin
use were calculated using the questionnaire data per participant
(N=139). The other correlations used averages per group (N = 10).
The correlations with perceived brainstorm behavior revealed
significant relationships with contribution,
collaboration. Self-reported contribution to the brainstorm related
positively to feasibility, indicating that the participants assessed
their contribution mainly on feasible output rather than on
original output. Criticizing correlated positively with originality
(Figure 13a). Thus in sessions where participants perceived more
critique, the output was more original. This supports the expected
positive effect of competitive conflict behavior on brainstorm
output (Badke-Schaub et al., 2010). Interestingly, criticizing also
correlated significantly with perceived coin use (Figure 13b),
indicating that increased coin exchange evoked competitive
conflict behavior. Moreover, perceived collaboration correlated
negatively with voluntary taking, suggesting that coin exchange
reduced collaborative conflict behavior as well.

criticizing, and
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Table 2. Correlations between gamification invasiveness and brainstorm output (N = 10).

Productivity Originality Feasibility
r p r p r p

Gamification invasiveness -.018 .961 .378 .282 -.133 714
Attention to the game 176 .626 416 .231 -.466 174
Perceived coin use 169 .640 .692* Fio-13a .027 -.262 464
Observed coin use -.046 .900 .201 577 213 .554
Voluntary given .394 .260 .036 .921 409 .240
Voluntary taken .829** .003 292 413 -.139 .702
Obligatory given -.646* .044 -.066 .856 .016 .965
Obligatory taken -.468 72 .140 .700 -.004 .992

**p<.01;*p<.05.

Table 3. Correlations (p < .20) of perceived brainstorm behavior & engagement with brainstorm output and gamification invasiveness.

Brainstorm behavior Brainstorm engagement
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Feasibility 797 -.621
Gamification invasiveness -.465 -.660*
Attention to the game
Perceived coin use 478** Fig130 241 -.212
Observed coin use -.451 -.826**
Voluntary given .587 .650*
Voluntary taken .603 -.726*
Obligatory given -.498 -.510 -.558 -.666
Obligatory taken -512 -.619

**p <.01; * p <.05; italic = individual-level correlations (N = 39); non-italic = group-level correlations (N = 10).
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Figure 13. Significant correlations signifying a positive transfer effect on brainstorm output quality. a) Perceived coin use and
originality (N = 10), b) perceived coin use and perceived criticizing (N = 39), c) perceived criticizing and originality (N = 10).
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The correlations
revealed significant relationships with gamification invasiveness.
Attention to the brainstorm correlated positively with voluntary
giving, suggesting that groups that were more occupied with the
brainstorm gave each other more coins without being forced by the

with brainstorm engagement only

rules. Conversely, obligatory transactions only revealed negative
correlations, suggesting that obligatory game behavior distracted
participants from brainstorming. Moreover, significant negative
correlations with output satisfaction suggest that the gamification
made participants feel less satisfied with the output.

Summary of the Results

In summary, we found a significant linear negative trend in
productivity across rule-sets, indicating a negative effect of rule
quantity on brainstorm productivity. The analysis of gamification
invasiveness revealed that the forcing rules, in contrast to
governing rules, significantly increased the invasiveness of the
gamification. Subsequently, significant correlations between
separate invasiveness items and brainstorm output suggest that
the invasiveness of the gamification did affect brainstorm output.
Perceived coin use correlated positively with originality and
voluntary coin taking correlated positively with productivity.
Conversely, obligatory coin giving correlated negatively
with productivity.

The analysis of brainstorm behavior revealed significant
positive correlations between perceived criticizing and perceived
coin use as well as originality. Moreover, contribution related
positively to the feasibility of brainstorm output. Correlations
between brainstorm engagement and gamification invasiveness
mainly revealed negative relationships between obligatory
coin exchange and brainstorm engagement as well as negative
relationships between overall gamification invasiveness and
satisfaction with brainstorm output.

Reconsidering the Research Framework

To understand the effects of game rules better, we used the
experimental data to reconsider and revise the initial research
framework (Figure 3). As explained below, the revised framework
(Figure 14) describes positive and negative transfer effects based
on the above-described experimental results.

Positive Effects of the Gamification

The forcing rules seem to have positively influenced the
originality of brainstorm output by evoking competitive behavior
in the brainstorm (see nr.1 Figure 14). Forcing rules significantly
increased perceived coin use and perceived coin use was on its
turn positively related to originality (Figure 13a). The analysis of
questionnaire data revealed that this positive effect was mediated
by perceived criticizing because it correlated positively with
perceived coin use and originality (Figure 13b-c).

Additionally, coin taking related to reduced collaboration
and improved productivity (nr.2 Figure 14). This was, however,
not caused by the forcing rules, because only the number of
voluntarily taken coins correlated significantly with collaboration
(see Table 3) and productivity (see Table 2). The data does
not show a significant relationship between collaboration and
productivity, yet literature suggests that intense collaboration can
reduce productivity because participants need to wait for their turn
to talk (Paulus et al., 2002). Hence, we assume that coin taking led
to increased productivity by reducing collaborative behavior.

Negative Effects of the Gamification

The negative trend in productivity across rule-sets (Figure 11a)
could only partly be explained by the research results. The linear
reduction indicates a negative effect as a result of the quantity of
rules. The correlations between observed coin use and brainstorm
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Figure 14. Revised framework based on experimental results (line thickness indicates correlation strength).
1) Significant positive transfer effect of forcing rules on originality, 2) significant positive transfer effect of voluntary competitive game
behavior on productivity, 3) significant negative transfer effect of forcing rules on productivity.
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output (Table 2) suggest that obligatory transactions and thus
the forcing rules may have hindered idea generation (nr.3 in
Figure 14). Yet the data did not fully support this, because only
voluntary taking and obligatory giving correlated significantly
with productivity (see Table 2).

When inspecting the reduction of productivity across
rule-sets in Figure 11a more closely, we conclude that obligatory
transactions were not the only cause for production blocking. The
data mainly shows drops in rule-sets 2 and 5, where obligatory
transactions had no or reduced influence (see Figure 10). Instead,
in both rule-sets, gamification invasiveness dropped along with
productivity. This suggests that the rules that were introduced in
rule-sets 2 and 5 not only hindered participants in producing ideas
but also in using the coins.

Discussion

This article presented an experiment that investigated positive
and negative effects of adding game rules to group brainstorms
by examining the participants’ behavior and engagement during
gamified brainstorms. In these gamified brainstorms participants
could reward or punish each other by giving or taking golden
coins. Game rules were designed to stimulate competitive conflict
behavior and attention to each other by forcing and governing
game behavior. According to literature, this would be beneficial for
the quality and quantity of brainstorm output. Yet we also expected
that increased engagement with the gamification would probably
weaken brainstorm performance. In a between-group experiment,
brainstorm groups received different rule-sets to investigate to
what extent the invasiveness of the gamification affected their
originality, feasibility, and productivity. Moreover, the behavior
and engagement of participants were measured to gain a better
understanding of how the rules influenced brainstorm output.

The results of the experiment demonstrate that voluntary
competitive game behavior (i.e., coin taking) related to reduced
collaboration in the brainstorm and increased productivity. This
suggests that rules that simply allow for game-like competition
could already be beneficial for brainstorm output quantity.
Additionally, the quality of brainstorm output improved as a
result of rules that forced competitive game behavior. The forcing
rules significantly increased invasiveness of the gamification and
were related to competitive brainstorm behavior and a higher
originality of ideas.

The forcing rules also seem to have had a negative effect
on brainstorm productivity. In general, the quantity of rules had
a negative effect on the number of produced ideas and further
analysis suggested that this was caused by mandatory game
behavior (i.e., behavior that was forced by the rules). However,
we observed the major productivity drops in brainstorm sessions
where the forcing rules had no or reduced influence. Instead, the
invasiveness of the gamification dropped along with productivity.
These drops occurred in sessions where the rule-sets contained
governing rules (rule-set 2) and a rule that blinded the participants’
score (rule-set 5). The latter rule was indeed intended to reduce
invasiveness, yet with the assumption that it would increase
engagement with the brainstorm and improve productivity.

B¢ www.ijdesign.org

13

N. Vegt, V. Visch, A. Vermeeren, H. de Ridder, and Z. Hayde

Oppositely, the governing rules were indeed expected to reduce
productivity, yet as a result of an increased invasiveness of the
gamification. Instead, in both cases the rules led to discussions
that were irrelevant to the brainstorm, thereby hindering idea
generation as well as coin exchange.

Regarding the positive effects of the gamification, the
results support our initial assumptions. The found negative
effects, however, contradict our expectations. Based on Visch et
al. (2013), we initially assumed that increased invasiveness of
the gamification would reduce engagement with the brainstorm
(see Figure 1). Yet the experiment suggests that a user’s game
world and real world experience are not directly linked. Instead,
gamification may lead to a game world experience that exists next
to or independent from a user’s real world experience and the
strongest positive as well as negative effects were found where
both types of experience were high.

To achieve a strong game world experience as well as
real world experience, we need to gain a better understanding
of gamification invasiveness. This was an important secondary
aim of the experiment because it is generally overlooked in
gamification literature (Hamari et al., 2014). Most gamification
studies raise the issue of user consent, i.c., the extent to which
users accept a gamification layer. The results of our experiment
suggest that the invasiveness of a gamification layer could be the
underlying mechanism for the consent of users. Users seem to
abandon the gamification to reduce its invasiveness if the game
rules do not fit their real world goal, such as high quantity and
quality of ideas during brainstorm sessions. However, this not
only reduces gameplay but also hinders real world performance.

To avoid this dual negative effect, the game rules need to
fit the real world context and be as little invasive as possible. In
the present experiment we mainly found evidence for behavioral
invasiveness, as described by the revised framework (Figure 14).
Yet the data suggests that other types than behavioral invasiveness
are experienced as well. As described by the model in Figure 15, the
distracting effect of governing rules and blinding scores indicates
cognitive invasiveness (see Figure 15). Additional governing rules
demand understanding and decision making from the participants
and blinding the scores demands memorization. Moreover, the
positive effect of forcing rules on brainstorm quality may be
explained by affective invasiveness (e.g., a playful attitude). In
our experiment, all positive effects were related to competition,
which in the collaborative context of a group brainstorm made
participants probably more playful, leading to increased creativity
(Amabile & Pillemer, 2012).

As to affective invasiveness, framing (Bateson, 1972;
Goffman, 1974) a brainstorm as a game may already have an effect
on creativity. The game-like nature of giving each other feedback
through coins may have reduced evaluation apprehension just like
a temporary identity reduced it (Jung et al., 2010). Moreover, coin
exchange may have framed personal criticism, thereby reducing
the negative impact of affective conflict (Jung & Lee, 2015). In the
current setup of our experiment, the effect of framing could not
be examined, yet the positive correlations between gamification
invasiveness and output originality (see Table 2) do hint towards
a framing effect.
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Limitations

Due to the low number of groups per rule-set, direct effects of
particular rule-sets on brainstorm output remain speculative.
Regarding their effect on gamification invasiveness we can
be more certain, as the effects were coherent within rule-sets
and significantly different between rule-sets. Accordingly, the
correlations with gamification invasiveness items (i.e., attention to
the game, perceived coin use, observed coin use) can be regarded
to reflect true relations. The effect of the rules through specific
coin exchange categories should be interpreted more carefully,
because the variation between groups and rule-sets was small and
generally not significant.

Moreover, the causal effect of coin exchange categories
remains questionable. For example, a group might have been
more competitive by nature and therefore have taken more coins
from each other. Consequently, coin exchange may have reflected
a group’s brainstorm process, rather than influence it. Thus, again,
effects from coin exchange categories should be interpreted
carefully and subsequently the assumed influence that the game
rules may have had.

The fact that the participants in the present experiment
were design students may have weakened the positive effect of
the gamification on brainstorm output due to a ceiling effect. The
participants probably already adopted a playful attitude because
they knew they were going to have a brainstorm. Thus the positive
affective invasive effect may have been negligible. A group of
participants without a design background, such as managers in a
company, might benefit more from the gamification because the
affective effect will be stronger.

Moreover, the goal, task, and timeframe of the brainstorm
may have influenced the effect of the gamification. In the present
experiment, time was short and the brainstorm’s goal was relatively
ambiguous, i.e., focusing on quantity as well as on quality. The short
timeframe might explain the fact that we only found significant
effects of the straightforward forcing rules, as opposed to the
governing rules that require more learning time. The ambiguous
brainstorm goal may have reduced the positive transfer effect of
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giving each other feedback through coins, because the attribution
of the feedback was often not clear. If the brainstorm would have
been aimed at only generating feasible ideas, for example, coin
exchange may have improved the feasibility of brainstorm output.

Conclusion

In conclusion, we could deduce two negative and two positive
transfer effects from the experimental data: 1) competition
in gamification increased the quality of brainstorm output,
2) voluntary competition led to increased brainstorm output
quantity, 3) obligatory behavior in the gamification reduced the
quantity of brainstorm output, and 4) discussion about the rules
reduced quantity as well. Overall, in the present coin game,
competitive game behavior improved the quality of brainstorm
output at the cost of productivity. Hence, to arrive at an optimum
for brainstorm output, a gamification layer should stimulate
competition, yet avoid discussable governing rules and limit
mandatory game behavior.

To design an effective gamification, the quality of game
rules seems more important than the quantity. Forcing rules
were found to be beneficial because they were easy to learn.
This explains their positive effect in the present experiment,
because groups played the gamification for the first time. The
governing rules apparently required too much learning for this
particular experiment.

Lessons Learned for Gamification Design
and Research

To reduce the learning curve, the rules should be defined clearly.
One way to achieve this is by embedding all rules into objects.
For example, the coins could be visually marked as given or
taken in order to ease enforcement of the rules related to the stock
and profit pool (rule 4a-c in Table 1). Another solution could be
to transform these rules into forcing rules (i.e., procedures) by
digitalizing the game and automatically place given and taken
coins in their respective pool.
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The distinction between behavioral, cognitive, and
affective invasiveness not only provides a model for anticipating
on positive and negative transfer effects of a gamification, they
can also be used to define the level on which you want to impact a
non-game situation. As explained before, simply putting game-like
artifacts on the table can lead to positive affective invasiveness.
Adding a game system, such as rules governing coin exchange,
makes a gamification cognitively invasive. In brainstorms this is
detrimental, yet in other situations cognitive invasiveness might
have a positive effect, such as making conscious decisions about
your health. Steering users towards, for example, competition
increases behavioral invasiveness in a generally collaborative
setting such as a brainstorm. Yet a gamification may be much less
behaviorally invasive if game and non-game behavior are aligned.

In gamification research, we would recommend to
measure the different types of invasiveness separately. Ideally,
behavioral invasiveness should than only be measured through
behavioral data. Cognitive and affective invasiveness are more
difficult to separate, because both generally rely on self-reporting.
Yet cognitive invasiveness may also be measured through
transcriptions of communication or by counting speaking time
about the rules of a gamification.

Future Research

Based on our research framework, we see opportunities for
gamification research on three levels: game rules, user experience
a behavior, and real world output. Regarding game rules, our
findings suggest that rule qualities should receive more attention
in gamification research. In this article we distinguished rules in
their quality of obligation, yet in other contexts other qualities
may be relevant, such as being open-ended or goal-driven.

Regarding brainstorm output, our research demonstrated
an improvement in the originality of ideas. Yet within the
process of product development originality is mainly beneficial
at the beginning. An interesting follow-up question would be:
do gamified brainstorms eventually lead to better products?
In some cases, the feasibility of ideas may be more important,
which was not influenced or even reduced by the gamification
in our experiment. To gamify a full design process one should
probably design separate gamifications for each part that requires
a different attitude from the user.

The main take-away of this article is probably that
understanding the dynamics within a gamified situation provides
amuch broader and deeper understanding of the transfer effects of
a gamification. Behavioral, cognitive, and affective invasiveness
allowed us to capture the behaviors and experiences of users that
are relevant for understanding and optimizing a gamification to
achieve its intended real world goal.
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Appendix . Questionnaire

To what extent were the following aspects present during the design assignment?

Not much Little Somewhat Much A great deal
1. Your contribution to the end result. O O O O O
2. The contribution to the end result of your fellow designers. O O O O O
3. Criticize each other's contribution. a O | O O
4. Complement each other's contribution. O O O O O
5. Ignore each other's contribution. O O O O O
6. Taking notice of each other's contribution. O O O O O
7. Your involvement in the assignment. O O O O O
8. The involvement of your fellow designers in the assignment. O O O O O
9. Your feeling of responsibility for the outcome of the design assignment. O | | | O
10. The feeling of responsibility of your fellow designers for the outcome of the design assignment. O O O O O
11. The use of coins during the assignment. O O O O O
12. The use of coins at the end of the assignment. O O O O O
13. The added value of the coin game to the progress of the assignment. O O O O O
14. The added value of the coin game to the outcome of the assignment. O O O O O
15. A proportional contribution of all participants to the assignment. | O | | O
16. Your attention to the design challenge. O O O O O
17. Your attention to the coin game. O O O O O
Could you indicate the quality of the following aspects of the design assignment?
Very low Low Average High Very high
18. The collaboration during the assignment. O O
19. The end result of the assignment. O O O O O
20. Your chance of winning the challenge. O O O O O
21. The solidarity within the group. O O O O O
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Appendix Il. Questionnaire Data

Table 4. Average self-reported behavior and engagement per group with ranking in brackets.

Engagement - Brainstorm behavior
(]
g g
3 s a )
Group w w w ® 2 8 8 o
o & g 88 2 8 2 S o 3
3 a ez ¢ 3 S 5 g Qo = o & z
) 58 23 z = s 53 8 3 B 2
%3 £3 S3 3 o, S S 5 2 3 8
1 [3] 4.1 [4] 3.5 [2] 3.8 [5] 2.8 [6] 2.9 [1] 4.0 [2] 4.0 [5] 2.5 [3] 3.5 [5] 2.5 [4] 3.8
2 [5] 3.9 [1] 4.0 [1]1 4.0 [4] 3.0 [3] 3.4 [6] 3.3 [6] 3.5 [2] 3.0 [3] 3.5 [1] 3.3 [7]1 3.5
3 [7] 3.8 [8] 2.8 [6] 3.5 [10] 1.8 [10] 1.9 [5] 3.5 [6] 3.5 [7]1 2.3 [7] 3.3 [3] 2.8 [10] 2.8
4 [2] 4.3 [1] 4.0 [2] 3.8 [8] 2.5 [7] 2.5 [4] 3.8 [2] 4.0 [7]1 2.3 [1] 4.3 [8] 2.0 [1]1 4.3
5 [1] 4.4 [4] 3.5 [2] 3.8 [5] 2.8 [5] 3.0 [1] 4.0 [2] 4.0 [71 2.3 [2] 3.8 [10] 1.0 [11 4.3
6 [5] 3.9 [10] 2.5 [10] 2.8 [4] 3.3 [6] 3.3 [5] 3.8 [10] 2.0 [7]1 3.3 [6] 2.3 [3] 4.0
7 [3] 4.1 [7] 3.0 [6] 3.5 [2] 3.9 [6] 3.3 [10] 3.3 [2] 3.0 [713.3 [9] 1.8 [8] 3.3
8 [8] 3.6 [9] 2.6 [2] 3.8 [3] 3.3 [1] 4.0 [1] 4.0 [1] 4.3 [2] 3.0 [3] 3.5 [2] 3.0 [4] 3.8
9 [8] 3.6 [6] 3.1 [9] 3.0 [9] 2.0 [9] 2.3 [10] 3.0 [6] 3.5 [11 3.3 [3] 3.5 [3] 2.8 [4] 3.8
10 [10] 3.3 [3] 3.7 [8] 3.3 [71 2.7 [7]1 2.5 [6] 3.3 [6] 3.5 [5] 2.5 [7]1 3.3 [6] 2.3 [8] 3.3

* Significant variation between groups (p < .05); grey highlights: groups that vary significantly (p < .05).
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