
Available online at www.sciencedirect.com
www.elsevier.com/locate/brainres

b r a i n r e s e a r c h 1 5 3 8 ( 2 0 1 3 ) 6 1 – 7 2
0006-8993/$ - see fro
http://dx.doi.org/10

nCorresponding a
E-mail address: z
Research Report
Electrophysiological evidence for emotional valence
and competitive arousal effects on insight
problem solving
Yadan Lia,b, Xiao Xiaoc, Wenjuan Maa,b, Jun Jianga,b, Jiang Qiua,b,
Qinglin Zhanga,b,n

aFaculty of Psychology, Southwest University, Chongqing 400715, China
bKey Laboratory of Cognition and Personality (SWU), Ministry of Education, China
cDepartment of Medical Psychology and Medical Ethics, School of Public Health and Health Management,
Chongqing Medical University, Chongqing 400016, China
a r t i c l e i n f o

Article history:
Accepted 18 September 2013

Accumulating evidence suggests that insight can be substantially influenced by task-

irrelevant emotion stimuli and interpersonal competitive situation, and a close link might
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exist between them. Using a learning-testing paradigm and Event-Related Potentials

(ERPs), the present study investigated the independent and joint effects of emotional

and competitive information on insight problem solving especially their neural mechan-

isms. Subjects situated in either competitive or non-competitive condition learned

heuristic logogriphs first and then viewed task-irrelevant positive or negative emotional

pictures, which were followed by test logogriphs to solve. Both behavioral and ERP findings

showed a more evident insight boost following negative emotional pictures in competitive

context. Results demonstrated that negative emotion and competitive situation might

promote insight by a defocused mode of attention (as indicated by N1 and P2), the

enhanced semantic integration and breaking mental set (as indicated by N450), and the

increased forming of novel associations activated by motivational arousal originating from

competition (as indicated by P800–1600 and P1600–2500). These results indicate that the

dynamic interactions between emotional valence and competitive arousal effects on

insight.
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“Feeling and longing are the motive forces behind all
human endeavor and human creations.”
—Albert Einstein, New York Times Magazine
1. Introduction

Insight is an important and particular phenomenon that has
been identified as a form of creativity and linked to scientific
and technical innovations (Dietrich and Kanso, 2010; Finke,
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1995; Friedman and Förster, 2005; Kounios and Beeman,
2009), and it is a topic of growing interest in psychological
researches (Aziz-Zadeh et al., 2009; Bowden and Jung-
Beeman, 2007; Jung-Beeman et al., 2005; Ludmer et al.,
2011). Previous studies have revealed that an insight pops
into the mind when one breaks free of the unwarranted
assumptions (i.e., breaking mental sets) and forms efficient
connections among the old concepts or cognitive skills (i.e.,
forming novel, task-related associations) (Bowden and Jung-
Beeman, 2007; Luo and Knoblich, 2007; Mai et al., 2004; Qiu
et al., 2008). Moreover, the relevant researches using ERPs
have revealed different stages associated with these key and
elementary processes of insight problem solving. Results
showed that a negative component (N380 or N320) (Mai
et al., 2004; Qiu et al., 2006a) may reflect the process of
breaking a pre-established mental set or cognitive conflict. In
addition, previous studies indicated that P1200–1500 (Wang
et al., 2009), P900–1300 (Zhao et al., 2010) or P600–1100 (Xing
et al., 2012) in the later stage might play an important role in
the forming of novel associations during insight problem
solving.

Just as important, understanding the mystery of insight
requires exploring its important contributors which could
give it impetus, such as emotional and motivational pro-
cesses. This issue still remains ambiguous. Studies have
indicated that emotion could act as a catalyst for creativity
(e.g., Gasper, 2003; George and Zhou, 2002; Kaufmann and
Vosburg, 2002). However, focusing more directly on neural
mechanisms underlying this function presents an incomplete
picture. To our knowledge, only two studies have empirically
investigated the neural mechanisms of insight that are
influenced by mood or emotion. Using fMRI, Subramaniam
et al., (2009) examined the effects of moods on brain activity
during preparation for insight problems via measuring indi-
vidual baseline mood states. However, cognitive flexibility is
not only modulated by the longstanding mood states, but
also by simply viewing emotional stimuli for a short time
(Sakaki and Niki, 2011). Even mild fluctuations in emotion can
have the potential to produce significant effects on cognitive
processing and neural activation (Mitchell and Phillips, 2007,
Rudrauf et al., 2009; Yuan et al., 2011). Besides, because
naturally existing mood states and unmeasured/unknown
extraneous variables are generally in the relationship of co-
variation, it is possible that a third variable might explain the
effects of mood states on insight observed in this study.
A recent neuroimaging research (Sakaki and Niki, 2011)
examined how transient viewing of positive and negative
images (660 ms) influenced subsequent understanding of
solutions to insight problems. In this research, insightful
riddle solving processes were catalyzed by presenting the
correct answers. However, understanding the solution after
being told it was not an insight in the strict sense but an
apperception or an outsight (e.g., Sheth et al., 2009; Smith and
Kounios, 1996). Receiving answers passively might lack the
necessary and typical characteristics of insight (i.e., impasse
experience or problem restructuring) (Luo and Knoblich,
2007). The cognitive and neural processes that support
actively solving the problem and passively understanding
the answer are actually different in insight (Luo and Knoblich,
2007; Qiu et al., 2010). Therefore, it is advisable to make
comprehensive analysis of the effects of experimentally
induced emotion on the cognitive processes of true insight.

Additionally, these studies lacked a consideration of
situation-dependent influences (e.g., specific situations sti-
mulating enhanced goal motivation and greater task involve-
ment). Previous works revealed that there are certain
conditions under which emotional processes may be more
likely to be activated (e.g., Schultz et al., 2008). For example,
emotion can impact information processing in a “state-
dependent” manner on the basis of motivational processes
(e.g., reward-related manipulations) (Pessoa, 2009). And some
neural circuits might be specific to the hedonic valence and
deploying different responses depending on the goal (Lang
and Bradley, 2010). Therefore, based on these findings, it
makes sense to assume that the effects of positive and
negative emotion on insight are more complex and context-
dependent.

Competition, as a situation-specific motivator and fre-
quently used energizer, may have a particular relevance to
creativity. It is suggested that creative work frequently
involves interpersonal competition (Abra, 1993). Some of the
most creative scientific discoveries have been ascribed to the
rivalry between competing laboratories (De Dreu and Nijstad,
2008; White, 2001). The evidence from creative work and
innovators demonstrates that competition could enhance the
excitement and challenge (Conti et al., 2001), providing a
crucial motivation and energy source for creating (Abra,
1993). Although previous researches have provided some
information regarding competition and creativity, only little
information is available about the impact of competitive
stimuli on the specific cognitive processes involved in insight.
Thus, we would like to know at which stage of insight
problem solving (e.g., breaking mental sets and forming novel
associations) competitive information exerts its impact on
competitor's mind. Consequently, it is important to overcome
some limitations of the traditional behavioral measures that
dominate the relevant literature and examine the time course
of insight problem solving during competition.

Also, most behavioral studies of competition–creativity link
did not explore the potential role of emotion variation in it.
Lazarus (2000) proposed that the important psychological
functions that influence competitive performance could be
influenced by emotion. In addition to this, previous studies
have indicated that there is a reciprocal relationship between
coping strategies and emotions of individuals during a stress-
ful situation (Carver and Scheier, 1994; Cerin et al., 2000; Clark
et al., 1995; Crook et al., 1998; Folkman and Lazarus, 1985;
Lazarus and Folkman, 1984; Ntoumanis and Biddle, 1998).
The emotion feelings might be the crucial moderators of
stress-related (Cavanagh and Allen, 2008) or goal-oriented
(Izard, 2009) performances of cognitive functioning. An integra-
tion of emotion and cognition in brain functional organization
would allow the goal-directed behavior to depend on the
emotional state (Gray et al., 2002). Moreover, the coping actions
and emotional experience of individuals may change across
situations and across different points in time during a stressful
situation (e.g., competitive sport settings) (Lazarus and
Folkman, 1984; Gaudreau et al., 2002). Based on these sugges-
tions, it is likely that the influence of competition on the time
course of insight may be mediated by the impact of emotion.



b r a i n r e s e a r c h 1 5 3 8 ( 2 0 1 3 ) 6 1 – 7 2 63
In sum, the evidence cited above highlights the impor-
tance and complexity of dynamic emotion-insight and
competition-insight relationships. Nevertheless, existing
empirical evidence does not include a direct test of the
temporal dynamics of these two mechanisms together and
hence not allow for any conclusions of the brain mechanisms
related to the effects of these two critical variables on insight.
Failure to do so is likely to lead to the inaccuracy and
inconsistency of research results. Thus, it is necessary to
run another ERP study with full consideration of the above
factors to investigate the neural mechanisms related to
competition-relevant and emotion-relevant information pro-
cessing supporting insight problem solving. Additionally, of
greater importance and interest, in life settings we often
come across the extrinsic short-lived emotional stimuli,
especially within the context full of competition and chal-
lenge. For example, when an athlete is competing for trophy
in competitive sport setting, given uncertainty with respect to
important events and outcomes in this competitive situation,
the athlete may look to rivals and spectators for cues con-
cerning his relative standing. In such situations, faces and
body language of rivals and spectators are likely to be
scanned for signals conveying emotional information and
indicating whether he or she is in the lead. In this way,
the athlete may become re-motivated, eager and excited,
and finish the race with enthusiasm in the course of the
competition.

Based on these considerations mentioned-above, the cur-
rent study employed a learning-testing experimental para-
digm (e.g., Qiu et al., 2008, 2010; Wang et al., 2009; Tian et al.,
2011) to enable subjects to find a solution on their own
initiative and analyzed ERPs elicited by successful insight
problem solving. Of more importance, we systematically
investigated the emotional valence effect on subsequent
insight in competitive situation and its spatiotemporal
dynamics in the brain from an integrative perspective on
person-situation interactions. This approach could contribute
to a more complete and detailed mapping of the specific ERP
activation patterns of emotion-insight and competition-
insight, which have been overlooked to date in the literature.
Furthermore, based on previous studies (e.g., Mai et al., 2004;
Qiu et al., 2006a; Wang et al., 2009; Zhao et al., 2010; Xing
et al., 2012), we hypothesized that the amplitude differences
of N400 and slow waves between negative and positive
emotions are larger in competitive situation than in non-
competitive situation, possibly due to the enhanced breaking
mental sets and the increased forming novel associations.
2. Results

2.1. Manipulation checks

2.1.1. Self-reported emotion
There was no significant preexisting differences between the
two experimental conditions in the subjects’ emotional state
[F (1, 35)¼0.17, p¼0.69, η2¼0.005] and intensity [F (1, 35)¼1.48,
p¼0.23, η2¼0.042]. The groups were thus comparable. On
valence ratings after each block, the ANOVA found that the
mean valence scores significantly differed between the two
sets of emotional pictures [F (1, 35)¼81.05, po0.001,
η2¼0.698], with the valence scores higher after the positive
(M¼6.03) than after the negative set (M¼1.89). On the other
hand, there was no significant difference in emotional inten-
sity ratings in both emotion blocks [F (1, 35)¼0.05, p¼0.82,
η2¼0.001]. These results confirmed that the positive and
negative picture sets respectively elicited the intended
emotion.

2.1.2. Post-experiment competition and “Aha” assessment
Consistent with the manipulation, the ratings of competition
demonstrated the competitive group had more intense com-
petitive feelings relative to their counterparts in the non-
competitive condition [F (1, 35)¼22.62, po0.001, η2¼0.400].
And this result attested to the effectiveness of the competi-
tion manipulation procedure. Moreover, relative to non-
competitive condition, the “Aha” experience (feeling of
insight) ratings showed higher scores for subjects during
competition [F (1, 35)¼29.30, po0.001, η2¼0.461].

2.2. Behavioral performance

Table 1 showed the average numbers (solving rates) of solved
test logogriphs and mean reaction times for the successfully
solved trials across four experimental conditions.

The repeated-measures ANOVA showed significant main
effects of competition condition [F (1, 35)¼32.41, po0.001,
η2¼0.215] and emotional valence [F (1, 35)¼4.70, po0.05,
η2¼0.152], with more logogriphs solved successfully for nega-
tive vs. positive emotion and competitive vs. non-competitive
condition, respectively. However, the interaction between these
two factors was not significant [F (1, 35)¼0.001, p¼0.97,
η2¼0.000].

Further, the main effects of emotional valence and the
interaction between competition and emotion on reaction
times (RTs) were not significant [F (1, 35)¼0.07, p¼0.79,
η2¼0.000; F (1, 35)¼2.77, p¼0.10, and η2¼0.001]. However,
there was a significant effect of competition condition [F (1,
35)¼6.54, po0.05, η2¼0.153]. Longer RTs were observed under
competitive situation, irrespective of emotion valence.

2.3. Electrophysiological scalp data

As shown in Table 2, the ANOVA on the N1 amplitudes
demonstrated a significant main effect of emotional valence
over the parieto-occipital scalp regions, with smaller ampli-
tudes for negative emotion than for positive emotion, irre-
spective of competition condition. Subsequently, the main
effect of emotional valence and competition condition was
significant on P2 amplitudes over the fronto-central scalp
regions. The P2 amplitudes reduced for negative vs. positive
emotion, and the amplitudes were smaller in competitive
than in non-competitive condition.

Moreover, the emotional valence effect and its interaction
with competition were both significant in the time windows of
400–500ms, 800–1200ms, 1200–1600ms and 1600–2500ms over
the fronto-central scalp regions (Table 2). The simple effect
analysis showed that the amplitude differences between nega-
tive and positive emotions were larger in competitive situa-
tion than in non-competitive situation (Fig. 4). Besides, the



Table 2 – Summary of results for the ANOVAs in the 400–500 ms, 800–1200 ms, 1200–1600 ms and 1600–2500 ms intervals.

Time(ms) Electrode sites Competition Emotion Competition�Emotion

F P η2 F P η2 F P η2

120–180 ms Fronto-central 1.10 0.30 0.027 1.18 0.28 0.029 1.85 0.18 0.044
Parieto-occipital 0.04 0.84 0.001 15.11 0.00 0.274 1.08 0.31 0.026

220–280 ms Fronto-central 4.79 0.04 0.147 10.40 0.00 0.206 2.86 0.11 0.088
Parieto-occipital 2.47 0.12 0.101 0.25 0.62 0.006 2.03 0.15 0.067

400–500 ms Fronto-central 4.76 0.04 0.236 77.66 0.00 0.345 6.21 0.02 0.156
Parieto-occipital 2.48 0.09 0.027 0.15 0.70 0.087 0.35 0.56 0.085

800–1200 ms Fronto-central 2.96 0.09 0.012 17.95 0.00 0.250 6.16 0.02 0.146
Parieto-occipital 2.55 0.14 0.074 2.50 0.12 0.060 1.26 0.27 0.000

1200–1600 ms Fronto-central 2.65 0.11 0.053 9.48 0.00 0.231 3.47 0.04 0.165
Parieto-occipital 2.46 0.13 0.043 1.49 0.23 0.012 0.66 0.12 0.005

1600–2500 ms Fronto-central 0.91 0.35 0.007 7.59 0.00 0.268 3.24 0.04 0.154
Parieto-occipital 4.49 0.04 0.167 2.60 0.12 0.015 0.33 0.57 0.009

Table 1 – Means and standard deviation (Mean 7 SD) of numbers of solved test logogriphs and reaction times for the
successfully solved trials across four experimental conditions.

Non-competition Competition

Number of solved logogriphs (solving rate) Positive emotion 35715 (0.5870.25) 41714 (0.6870.24)
Negative emotion 36716 (0.6070.27) 42714 (0.7070.24)

Reaction time (ms) Positive emotion 23017583 23837649
Negative emotion 23267570 23487685
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competition effect was significant in the time windows of 400–
500ms over the fronto-central scalp regions and in the time
windows of 1600–2500ms over the parieto-occipital scalp regions
(Table 2). Insight problem solving in competitive situation elicited
more positive-going amplitudes than in non-competitive situa-
tion for both emotions.

In addition, during the time intervals above, the main
effects of electrode sites were all significant, but no theore-
tically relevant interaction involving electrode sites was
significant and hence results involving these factors are not
reported.

Besides, to test whether the modulations in N450 ampli-
tudes between the two competition conditions are accompa-
nied by changes in “Aha” experience, supplementary
correlation analyses conducted for the N450 amplitudes and
showed significant correlations between N450 amplitudes
and the “Aha” experience reports (positive emotion:
r¼�0.52, po0.001; negative emotion: r¼�0.49, po0.01).

To better present these results, we computed topographic
map of difference waves (competitive minus non-competi-
tive) that directly index competition effect in brain potentials
(Fig. 3). The spatio-temporal brain activation pattern showed
stronger brain activation during negative than positive emo-
tion condition. Also, it showed almost the same trends in
both emotion blocks generally: from fronto-central sites to
parieto-occipital scalp regions in ERP time course.
3. Discussion

A major goal of this research was to investigate the indepen-
dent and joint effects of task-irrelevant transitory emotional
stimuli and pre-existing competition situation on insightful
problem solving as well as their spatiotemporal dynamics.
Behavioral data suggested the number of solved insight
problems overall increased following negative pictures com-
pared with the positive ones and it also increased in compe-
titive than in non-competitive condition. Moreover, ERP
results showed enhanced neural processes during insight
following negative emotional pictures in competitive context
at N450 and later components (800–2500 ms). This was also in
agreement with prior studies revealing that creativity entails
tension and disequilibrium and could be greatly fueled by
challenge and encouragement (Amabile et al., 1996; Runco,
1994).

Specifically, we found the posterior N1 and the anterior P2
were greater for positive emotion (vs. negative emotion), and
the P2 showed greater amplitudes in non-competitive situa-
tion (vs. competitive situation). It has been argued that
attention incorrectly directed to specific stimulus features
by an invalid cue and re-orienting attention to relevant
stimulus features would produce larger N1 amplitudes (Luck
et al., 1994; Wright et al., 1995). Besides, many ERP studies
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found the fronto-central P2 is associated with bottom-up
sensory processing involving involuntary attention (Thorpe
et al., 1996), which would be a good index to mirror attention
bias (Carretié et al., 2001; Thomas et al., 2007). Of the target-
elicited component, the P2 component was much larger
when the targets were improbable (Luck and Hillyard, 1994).
We may infer that the decreased N1 and P2 amplitudes
observed in negative emotion induction and competitive
condition were probably because of relatively less engage-
ment of attention resources and decreased perceptual load at
the early stage of visual processing. Crucially, many previous
studies suggested that insight might be related to defocused
attention (e.g., Kasof, 1997; Martindale, 1999). A temporary
decrease in interferential visual inputs may promote search-
ing for a weakly activated solution, which is beneficial to the
solution to pop into awareness (Kounios and Beeman, 2009).
Moreover, the logogriphs we used in the study always con-
tained misleading and solution-irrelevant information in the
initial perceptual features. Therefore, negative emotion and
competitive situation appeared to be more favorable to
diffuse attentional focus and open awareness to unattended
information within very early stages in the stream of infor-
mation processing during logogriph solving. In particular,
because early ERP components generated at approximately
200 ms of stimulus processing may reflect processing
mechanisms engaged by nonconscious perception (Del Cul
et al., 2007; Sergent et al., 2005), the impact of negative
emotion on the attentional resource allocation during
insightful problem solving might be manipulated by auto-
matic processing in some extent.

A more important finding was the significant competition
and emotion interaction in the 400–500 and 800–2500 ms
intervals over the fronto-central scalp regions (Table 2).
As shown in Fig. 2, the maximum amplitude of the anterior
400–500 ms negativities was at approximate 450 ms. Based on
the previous research, the spatio-temporal feature of this
negativity might be similar to the N400 or the N380 (Kutas
and Federmeier, 2000; Mai et al., 2004), which are related to
semantic integration and breaking mental set. Moreover, it is
worth noting that some other ERP studies have reported that
the N450 component is associated with conflict detection or
cognitive control/monitoring (Chen et al., 2008; Qiu et al.,
2006b). In addition, previous studies showed the amplitude of
the N450 was modulated by the amount of conflict; the larger
the conflict, the larger the amplitude of the N450 (West and
Alain, 1999, 2000). Within the current task, there was para-
doxical and misleading information given in the logogriphs
and a successful problem-solving required the inhibition of
superficial meaning or interfering information of logogriphs.
It is natural that the new and efficient thought processes
might immediately compete with the older, more familiar but
unsuitable ones in the course of insight problem solving. In
this regard, our observation of anterior N450 might reflect
higher-level semantic integration and successful breaking
mental set during insight. In addition, the results of the
correlation analyses showed that the modulation in N450
amplitude was accompanied by changes in “Aha” ratings
significantly. The N450 amplitude would thus be an effective
index for the subjective intensity of the “Aha” feeling. And
subjects generally experienced greater intensity of “Aha”
feeling when they were inspired by competition. This may
suggest that better insight performance in competition con-
dition might have a close association with the stronger “Aha”
experience and larger N450 amplitude.

Regarding the later components (800–2500 ms), previous
studies have consistently indicated that long-lasting work-
ing-memory processing is typically reflected in slow-wave
ERPs, with significant amplitude differences between high
and low working-memory span (Berti et al., 2000; Vos et al.,
2001). Recently, De Dreu et al. (2012) have found that working
memory capacity enables focused, persistent and systematic
bonding of problem elements, which could influence creativ-
ity. In essence, insight demands retrieving relatively inacces-
sible information as well as combining and transforming
them in working memory (Lang et al., 2006; Nijstad and
Stroebe, 2006). Thus, the more positive-going amplitudes in
competitive situation (vs. non-competitive situation) between
800 and 2500 ms at fronto-central sites might be associated
with improved working memory operations, which facilitated
forming richer cognitive associations. The present findings
accord with previous studies which evidenced that the
relative increase in positive wave activity (e.g., P1200–1500
for Wang et al. (2009) and P900–1300 for Zhao et al. (2010)) was
indicative of insight and might play an important role in
forming novel associations.

Furthermore, according to the current results (Fig. 3), we
can observe stronger brain activation for negative emotion
than for positive emotion. Put another way, the strength of
competition effect on insight would be variable in different
emotional states and could be intensified by negative emotion.
As stated before, competitive situation generated increased
cognitive activation and involvement (e.g., Csikszentmihalyi,
1990; Eisenberger et al., 1998), which potentially increased the
brain vigilance and neural sensitivity to inconspicuous cues.
And this could fuel competitors to search for the way out of
mental impasse and restructure a novel representation. On
this basis, accumulated evidence indicates that negative emo-
tional inputs evoke stronger neuron activation and facilitate
overall information recognition than other types of stimuli,
even with limited processing resource (Derryberry and Tucker,
1994; Huang and Luo, 2007). The more detail-oriented proces-
sing strategy fostered by negative emotion would be advanta-
geous when a person explores the optimized solutions
required for insight tasks (Davis, 2009; Nijstad et al., 2010).
This is especially true when subjects were searching and
refining the related information to generate the most suitable
answer at later processing stages in the present “five to five”
two-stage experimental paradigm which contains more inter-
ferential information and alternatives. The above cognitive
characteristics facilitated more effective retrieval and integra-
tion of relevant information to activate more problem–solution
pairings in working memory, which increased formation of
novel associations and promoted insight. Besides, recent studies
have found that negative emotional stimuli can intensify inhibi-
tion of prepotent response (Albert et al., 2010), conflict resolution
(Kanske and Kotz, 2011) and cognitive control (Kuhbandner and
Zehetleitner, 2011). Accordingly, in the present study, negative
emotion presumably increased inhibition of superficial meaning
and greater recruitment of cognitive control-relevant resources
involved in breaking pre-established mind set.
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The superposition of negative emotional stimuli onto
competitive context may allow the brain to enter a certain
activation state which serves as a critical entry point and is
best suited for insight. The present electrophysiological find-
ings are consistent with previous studies which demon-
strates that when difficulties and challenges appear or a
person needs to self-regulate cognitive resources, negative
emotional states could lead to important benefits that posi-
tive emotions do not (Gendolla and Krüsken, 2002; Gruber
et al., 2011). When positive affect is attached to the cognitive
representation of the learned means, the switching from a
learned goal-directed means to a new means is slowed down
and become more rigid (Marien et al., 2012). Indeed, it has
been argued that negative moods, relative to positive, can
bolster creative performance on tasks regarded as serious and
important as well as in situations emphasizing performance
standards, extrinsic rewards and evaluative requirements
(Davis, 2009; Friedman et al., 2007). It may be that negative
emotion, due to its significant adaptive value, is better at
coordinating cognitive functions involved in insight espe-
cially in the troubled and high-pressure environment.

Additionally, the significant competition effect was observed
in the 1600–2500ms interval, with the more positive-going ERPs
in competitive situation than in non-competitive situation at
posterior clusters, irrespective of emotional valence. It has been
found that the positive-going effect might reflect increased
motivational significance (Lang and Bradley, 2010). Neuroima-
ging studies also found that the activation of this posterior
region was involved in “motivated attention”, and motivation
systems allocated neural resources to motivationally relevant
cues via this region (Mohanty et al., 2008; Serences, 2008).
Findings such as these provide clues that the late positive shift
in the 1600–2500ms interval during competition might be due
to more motivational activation and energetic arousal. In the
present “five to five” two-stage experimental paradigm, the
cognitive processes of solving problems actually vary between
different situations and different logogriphs. Previous studies
indicated that creative and effective work can also grow out of
motivated effort and systematic exploration of various potential
solutions (e.g., Rietzschel et al., 2007; Simonton, 1997). And
competition seems to meet requirement because of its positive
effect on promoting the engagement of motivational system.
Besides, we observed slower RTs and higher rates of correctly
solved problems in the competitive condition in the behavioral
results. These results also indicated that competitive setting
may induce individuals to assign the higher priority to solving
problems better (i.e., accuracy) and a secondary priority to
performing quickly (i.e., speed), and reduce the guess or
imprudent response based on any partial information that is
available, which can ensure individuals gain more chances in
competition.

It is notable that the above ERP components might
embody the time points at which emotion stimuli and
competition context interacted dynamically to modulate
insight problem solving. This situation may imply the possi-
bility that emotional variations within the same individual
may affect not only the established influences of emotional
experience on insight, but also the strength of competition
effects on insight. As previously stated, it is speculated that
this latent interaction might be one of the reasons for the
multifaceted and variable findings observed in previous
researches on emotion-creativity and competition-creativity
relations, and thus a potential confounder. The results also
underline the importance of allowing for the interaction
between emotional and motivational factors and their spe-
cific components at each stage of the information processing.
Attention to this can not only provide more reliable models of
the interaction between emotional and motivational pro-
cesses, but may also extend the evidence concerning the
neural mechanisms underlying the modulatory effects of
emotional feelings or motivational states on insight in spe-
cific and cognitive functions in general.
4. Experimental procedure

4.1. Subjects

A total of 36 college students (18 females and 18 males) aged
18–25 years (mean age, 20.5 years) from Southwest University in
China took part in this experiment as paid volunteers.
All subjects were right-handed with normal or corrected-to-
normal vision and reported no prior affective disorder and
neurological/psychiatric history. The study was approved by the
Academic Committee of the School of Psychology, Southwest
University in China and informed consent was obtained from
each subject after procedures were fully explained.

4.2. Materials

4.2.1. Logogriphs
Chinese characters are formed by radicals, and some complex
characters are composed of simple characters. A logogriph
may be a phrase, a Chinese proverb or a sentence in a poem.
The answer to a logogriph is a Chinese character. The critical
approach in solving a logogriph is first fully comprehending
the meaning of the logogriph and then finding the answer by
analyzing the Chinese character into certain components
(i.e., certain radicals or simpler characters), or by catching
the implicit meaning the logogriph intends. The Chinese
logogriph problems we used are traditionally classified as
“insight problems” and they meet the three formal character-
istics of creative insightful problems proposed by Schooler et
al. (1993): (1) these logogriphs always contain some paradox-
ical misleading information and people could not compre-
hend initially, which is likely to produce an impasse; (2)
people without special knowledge and expertise could solve
the logogriphs ultimately; and (3) pilot testing and previous
studies (Luo and Niki, 2003; Qiu et al., 2006a, 2008, 2010) have
consistently indicated that one gained an “Aha” experience
when one guessed the answer to the given logogriph success-
fully. Thus, this Chinese logogriph task could be considered
as a proxy for insight problem and the “Aha” experience
could be produced in a short time in our experiment.

In a pilot experiment, an independent sample (12 females
and 10 males, range 18–24 years, mean age, 21.5 years) rated
their comprehensions of each logogriph (180 available logo-
griphs presented in a random order) on a scale from 1
(extremely boring/old) to 5 (extremely interesting/novel).
We selected 125 logogriphs (5 logogriphs for practice stage
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use) which were evaluated as being interesting/novel (mean
scores43) as test logogriphs.

This experiment adopted a guessing Chinese logogriph task
by using a learning-testing paradigm. For each of the 125 test
logogriphs, a relevant heuristic logogriph was made for subjects
to learn. The heuristic logogriph learned earlier would provide
heuristic information or indicate a potential solution to the
corresponding test logogriph, so that the test logogriph could
be solved in a few seconds once the heuristic information is
activated and utilized successfully. For further information about
the samples, please refer to our previous works (Qiu et al., 2010;
Tian et al., 2011). Furthermore, we found the English counter-
parts to these Chinese logogriphs. As an example, “It has an
apple in it, but when you get it, there is no apple to eat” is the
heuristic logogriph and the word “pineapple” is the answer. This
logogriph can be used as the heuristic logogriph for the test
logogriph “It has an egg in it, but when you get it, there is no egg
to eat.” The answer to the test logogriph is “eggplant”.

Most logogriphs were between 2 and 6 characters in
length, while all the answers were a single character. The
words that appeared in both the questions and answers were
familiar and common Chinese characters selected from the
Contemporary Chinese Dictionary (more than 50 occurrences
per million on average). They were presented in the center of
a 17-inch screen in the Song Ti font, at size no. 16.

4.2.2. Emotional pictures
In order to avoid culture-specific bias for the International
Affective Picture System (IAPS) found in Chinese subjects
(Huang and Luo, 2004), 120 emotional pictures used to
emotion elicitation were selected from the standardized
native Chinese Affective Picture System (CAPS; Bai et al.,
2005). The two emotional categories differed significantly
from each other in valence [positive: 7.1070.42 (M7SD),
negative: 2.5370.52; F (1, 119)¼2815, po0.001], but no differ-
ences in arousal level [positive: 5.8870.50, negative:
5.8970.42; F (1, 119)¼0.01, p40.05]. Positive pictures included
pictures such as romantic couples, scenes of weddings/
celebration and happy faces. Negative pictures showed
images of funeral scenes, plane crashes, angry faces, and
the like. Both categories were matched for frequencies of
pictures containing human images. In addition, 5 emotionally
neutral pictures with medium arousal level were selected
from the CAPS for practice session (valence: 4.9270.23,
arousal: 2.5470.39). All the picture stimuli were 15 cm�10
cm. The resolution and luminance of the pictures were
matched for two emotional categories. And the contrast of
the monitor was set to be constant across subjects.

4.3. Procedures

4.3.1. Stage 1 (competition manipulation)
After providing consent, subjects were randomly assigned to
either competitive or non-competitive group. In these two
experimental conditions, the instructions were identical
apart from the competition manipulations. Competition
arises from the combination of several factors including
evaluation, reward, and a win-lose aspect that is unique to
competitive situations (Amabile, 1996). To manipulate
the evaluation and reward aspects of competition, we told
subjects that we would determine the winners by evaluating
carefully their overall performance compared with that of
other subjects, and the winners would be eligible for the
rewards. Furthermore, we created the “contrient interdepen-
dent goals” (Deutsch and Stroebe, 1991) to manipulate the
win-lose aspect. With such goal structure, goal achievement
by anyone reduces the ability for others to simultaneously
reach their respective goals. For standardized instruction for
competitive group see Appendix A.

Given that activating the creativity-related expectancies
might affect the creative performance (Hicks et al., 2011),
in the present study, subjects were matched with the strange
opponents without the information about their abilities.
So the subjects would assume that all of them are roughly of
comparable capabilities. In addition, in the competitive con-
dition, the other subjects were introduced in the lab and met
the subject before the experimental session. This was done in
order to reinforce the idea that other subjects were actually
taking part in and competing with each other. In the non-
competitive condition, the instructions explicitly stated that
the logogriph task was not meant to be competitive and there
was no mention of performance evaluation, financial rewards
or the win-lose structure. Furthermore, at the beginning of
each separate block, the experimenter reminded the subjects
either to “do your individual best” (non-competitive condition),
or “solve your logogriphs more and faster than others”
(competitive condition). Next, they did the experimental task.

4.3.2. Stage 2 (emotion induction and insight problem solving)
The flowchart of the learning–testing procedure in each sub-
block is shown in Fig. 1. Each sub-block was initiated by a
learning stage in which 5 heuristic logogriphs appeared in
screen along with the answers. They were created to match
the subsequent 5 test logogriphs and provide subjects with
the heuristic information (i.e., the “five to five” two-stage
experimental paradigm). Firstly, in the learning stage,
5 heuristic logogriphs (including answers) were presented in
the center of the screen one at a time for 8000 ms. They were
randomly presented one after the other to each subject.
Subjects were asked to try to understand the logogriphs and
their answers fast and to press the corresponding keys to
indicate whether they understood their meanings. If subjects
understood, they were asked to press the “1” key quickly, and
not to press any key in the other case. After they had seen all
5 heuristic logogriphs, the test stage began. Then, the test
stage started with a 2000 ms ready signal (“Ready?”) and was
followed by a fixation cross between 800 and 1200 ms at
random to avoid expectancy effects. Subsequently, a positive
or negative emotional picture was centered in the screen one
at a time for 2000 ms. Subjects were instructed to attend to
the content of each picture actively. After the picture was
replaced by a blank screen (varied randomly from 400 to
800 ms), a test logogriph was then presented one at a time in
the center of the screen and persisted until subjects solved
the problem or a 4000 ms time limit reached. Subjects were
required to guess the answers according to the information
they gained in the learning stage under 4000 ms. They
pressed “1” key as soon as possible once the answer came
into their mind and did not to press any key if they could not
find the answer. The display of the logogriph was followed by



Fig. 1 – The flow of learning and testing logogriphs in each sub-block.

Fig. 2 – Averaged ERPs in the test stage for positive emotion (competitive: black solid lines; non-competitive: gray solid lines)
and negative emotion (competitive: black dashed lines; non-competitive: gray dashed lines) conditions.
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a 1000 ms presentation of a plus sign, and lastly an answer to
the logogriph was presented in the center of the screen for
2000 ms. At this point, subjects indicated whether the solu-
tion they made by themselves was consistent with the
answer and hereby made the corresponding response. They
pressed “1” key if their own answer was consistent with the
answer, press “2” key if they did not guess the logogriph but
could understand the answer and pressing “3” key if they
neither guessed the logogriph nor understood the answer.
Following this sequence, 5 emotional pictures and 5 test
logogriphs presented successively in the test stage. The
presentation order of them was randomized for each subject.

To ensure the success and sustainability of the emotion-
induction procedure, the formal ERP experiment was divided
into two blocks (positive and negative) in both competitive
and non-competitive conditions. In one block, only one
category of emotional pictures was presented immediately
before the test logogriphs to induce a type of emotion. Each
block was composed of 12 sub-blocks and each sub-block
contained 5 trials (5 emotional pictures and 5 logogriphs). The
order of positive and negative emotion inductions were
counterbalanced across subjects.

Subjects were seated in a quiet room, in front of a
computer screen placed at a viewing distance of approxi-
mately 120 cm, with the horizontal and vertical visual angles
below 61. They were instructed to respond as fast and
accurately as possible by pressing the corresponding buttons
of the keyboard. Subjects were asked to try to make few
movements and little eye-blinks. An appropriate rest was
given after every 6 sub-blocks. To avoid carrying over a
previously induced emotion to the next block, a 10 min break
separated the two emotion blocks. And after subjects
reported that they had calmed down and restored emotional
balance, the second block was initiated. Before formal ERP
experiment, a set of similar practice materials (5 neutral
pictures and 5 logogriphs) using the same procedure helped
familiarize subjects with the procedure and pace of this task.
None of the pictures and logogriphs used in the practice
session was used in the formal experiment. And there was no
repetition of stimuli in the formal test. Upon completion of
the study, subjects were debriefed, paid and thanked.

4.4. Manipulation checks

At the beginning of the experiment, all subjects rated their
current emotional states and the general intensities on the
5-point Likert-type scales anchored at 1 (unpleasant/ not
arousing at all) and 5 (pleasant/ extremely arousing). At the
end of each block, subjects rated on the same 5-point scales
the degree to which they experienced positive and negative
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emotion and the global intensity of emotional feelings after
the presentation of the emotional pictures.

Immediately after the experimental task, subjects rated on
the 5-point Likert scale (1¼not at all; 5¼extremely) about
how competitive the atmosphere they had felt during the
task. They also completed one additional scale concerning
the intensity of their feelings of insight (i.e., “Aha” experi-
ence) (1¼No “Aha” feeling; 9¼Strongest “Aha” feeling).
4.5. ERP recording and analysis

The electroencephalogram (EEG) was recorded from 64 scalp
sites using tin electrodes mounted in an elastic cap (Brain
Product, Brain Products GmbH, Stockdorfer, Munich, Ger-
many). All channels were referenced to a channel located
between Fz and FCz. They were also re-referenced offline to
Fig. 3 – Topographical maps of difference waves (competitive vs
emotion and (b) Negative emotion.

Fig. 4 – The amplitudes of 400–500 ms, 800–1200 ms, 1200–1600
71 standard error.
represent recording with respect to linked mastoids. The
horizontal electrooculogram (EOG) was recorded with electro-
des placed by the outer canthi of each eye, and vertical EOG
was recorded with electrodes placed above and below the left
eye. All electrode impedances were maintained below 5 kΩ.
The EEG and EOG were amplified using a 0.05�80 Hz band-
pass and continuously sampled at 500Hz/channel for off-line
analysis. Eye movement artifacts (blinks and eye movements)
were rejected offline. Trials with EOG artifacts (mean EOG
voltage exceeding 780 mV) and those contaminated with arti-
facts due to amplifier clipping, bursts of electromyographic
activity, or peak-to-peak deflection exceeding 780 mV were
excluded from averaging.

According to the results of guessing logogriphs, EEG
activity for successful solving trials in each condition was
averaged separately. We analyzed ERP elicited by the test
. non-competitive) for each emotion condition. (a) Positive

ms, and 1600–2500 ms for each condition. Error bars indicate
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logogriph and the average epoch was 2500 ms, with a 200 ms
pre-stimulus baseline. According to the grand-average wave-
forms and topographical maps (Figs. 2 and 3), as well as the
existing insight ERP literatures adopting similar learning-
testing experimental paradigm (e.g., Qiu et al., 2008, 2010;
Wang et al., 2009), we analyzed the peak latencies and
amplitudes of the N1 (120–180 ms) and P2 (220–280 ms)
components as well as the mean amplitudes in the time
window of 400–500, 800–1200, 1200–1600 and 1600–2500 ms by
using a series of repeated measures analysis of variance
(ANOVA). The ANOVA factors were Competition Condition
(2 levels: non-competitive vs. competitive) as between-
subjects factor and Emotion Valence (2 levels: positive vs.
negative) as within-subjects factor. The following 19 elec-
trode sites were selected for statistical analysis: FPZ, FZ, CZ,
AF3, AF4, F1, F2, F5, F6, C3 and C4 (11 fronto-central sites),
PZ, OZ, Pl, P2, P5, P6, O1 and O2 (8 parieto-occipital sites). P-
value of analyses of variance was corrected for deviations
according to the Greenhouse–Geisser method.
5. Conclusion

The findings of the current study reflect task-irrelevant
momentary emotion and pre-existing competitive context
interacted dynamically to modulate insight problem solving
at different stages and in different ways in the brain. To
summarize, negative emotion and competitive situation
might promote insight by broader attentional focus as
reflected in N1 and P2, semantic integration and breaking
mental set to a greater extent as indexed by N450, better
forming of novel associations and more sustained motivated
engagement as manifested by late positive deflections 800–
2500ms. Moreover, the N450, P800–1600 and P1600–2500
reflect the time period in which competition context and
emotion stimuli interact in the ERP. Fig. 4
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Appendix A. Instructions for competitive
condition

On this set of logogriph problems you will be competing with
9 other subjects in the laboratory. We will randomly build the
group of ten. Scientific studies suggest the students' abilities
to analyze and solve insight problems are similar. Now, try to
outperform the others in the same group by solving more
logogriphs as soon as possible. After everyone completes the
task, your performance will be carefully evaluated compared
to that of others with objective criteria. We will provide you
with our evaluations and tell you if you won this competition.
Only the top two amid the group of ten will win a cash prize
of 100 RMB and a good-player certificate severally.
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