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Abstract

The interaction of emotions with creative cognition is one of the most intriguing topics in the
creativity research. In this study, we investigated the extent to which various emotional
states influence the evaluation of ideas, which is a crucial component of the creative thinking
process. To this end, we used emotional (both positive and negative) and neutral pictures to
induce emotional states and then asked participants to evaluate the creativity of exogenous
ideas (i.e., those generated by other people) as part of an alternative use evaluation task.
As the results of previous studies suggest the existence of a negative bias when judging
highly creative ideas, we presented the participants with non-creative, moderately creative,
and highly creative uses for everyday objects. Overall, the participants gave higher creativity
ratings when under positive emotional engagement than when in negative or neutral condi-
tions. Moreover, neutral and emotional context differently moderated the creativity evalua-
tion of the three object use categories. Specifically, participants gave higher ratings for non-
creative uses, and (to a lesser extent) for highly creative uses when in a positive emotional
state, than they did when in the neutral condition. On the other hand, when in a negative
emotional state, the participants gave lower ratings for moderately creative uses than they
did in either the positive or neutral conditions. These data provide initial evidence that emo-
tional states can influence the creativity evaluation of exogenous alternative ideas that are
generated through divergent thinking.

Introduction

A growing body of research is concerned with the relationship between cognition and emo-
tion. Researchers have formulated many models to unravel the nature of this relationship [1-
4]. For instance, some have attempted to understand the extent to which the cognitive evalua-
tion of environmental events can trigger affective reactions [5-9]. Among cognitive processes,
creative cognition involves specific cognitive abilities and is one of the most complex ensem-
bles of mental functions [10]. To ensure survival, personal growth, and professional success,
people need to adapt to environmental changes by adopting new problem-solving strategies,
by generating potentially novel/original and appropriate/effective ideas, and by evaluating and
implementing new products or solutions [11-17]. The role of emotion on creative cognition is
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critical and emerging as topic in the research on creativity [18, 19], as everyday emotional
states can influence ideas that come to mind, and thereby influence the decision that rely on
those ideas [20-22].

Several researchers have investigated the emotion-creativity relationship by using a broad
range of induction procedures (e.g., emotional imagery, affective stimuli, or a combination of
emotionally stimulating materials) to engage participants in the intended affective states, using
various measures of creativity (see [23] for a meta-analysis). The results from some of these
studies reveal that positive affective states, as compared to neutral conditions, enhance perfor-
mance in divergent thinking (i.e., fluency, originality, flexibility), categorization (i.e., cognitive
flexibility), remote associates test, and insight problem-solving tasks, as individuals tend to
make richer associations between knowledge frames when in a positive affective state than
when in a neutral state [20, 24-28]. On the other hand, some contradictory results exist regard-
ing the role that negative emotional states play in creative thinking. Some researchers have
found no difference between the negative and neutral conditions, and others have found nega-
tive affective states to have only a slightly detrimental influence on creativity, as compared to
the neutral states [29-31]. In fact, some researchers have found that negative states can actually
lead to stronger creative performance, as compared to neutral states [32, 33]. A similar contra-
dictory view of the emotion-creativity link has also emerged in direct comparisons of the posi-
tive and negative affective states: whereas some studies displayed that positive affective states
promoted creativity, as compared to negative states [24, 26], others showed the opposite effect
[34-36]. Further studies suggested that it is the intensity of the emotional experience measured
with both positive and negative high-arousal emotional states than can facilitate creativity, as
compared to low-arousal states ([35, 37]; see [23] and [38] for reviews). In line with these find-
ings, it has been shown that highly arousing situations (including negative ones such as crea-
tive frustration) can even booster creative performance in individuals with specific personality
traits [39]. Although it is not still completely clear the extent to which positive and negative
affective states facilitate or inhibit various facets of creativity—or how they do so-researchers
are largely in agreement that emotion modulates the various components of creative thinking
[19].

The lack of consistency in the literature is partly due to the multi-componential nature of
the creative thinking process [40, 41], which has been described as an ensemble of components
whose interaction can lead to potentially original/novel and effective/appropriate products
[13, 42, 43]. The strength and direction of the effects of emotions on creative performance may
vary as a function of the type of creative components involved, as well as in relation to the
methodology used to measure them [23]. When reduced in terms of complexity, creative
thinking can be described as the result of various processes. According to the dual-process
models [40, 41], in particular, the two main components of creative thinking are generation
and evaluation [44-48]. This view is consistent with the empirical results, which show that the
abilities of generation and evaluation are relatively independent [49].

In this study, we specifically focused on how the evaluation of ideas is connected to emo-
tions. Technically, the evaluation of a creative idea requires the extraction of non-obvious val-
ues, which can then be translated into a creativity score [50, 51], using more or less rigorous
approaches [40, 52-55]. The evaluation of ideas can be measured as a general evaluative ability
[56-58], which extends beyond evaluations of one’s own ideas [59]. Indeed, the evaluation of
creativity involves not only the assessment of one’s own (endogenous) ideas but also of others’
(exogenous) ideas [52]. As other researchers have done [59-61], we asked participants to eval-
uate a predefined set of exogenous ideas because the judgments of their own ideas could be
biased ([52, 59]; see also [62]).
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Although researchers have dedicated extensive empirical work to how emotions affect the
generation of ideas, they have scarcely examined the ways in which emotions affect evaluations
of creativity. To our knowledge, researchers have explored emotion’s influence on the recogni-
tion of creativity in only two recent seminal studies [63, 64]. These studies have specifically
focused on uncertainty, which seems to facilitate negative attitudes or implicit bias against cre-
ativity [64]. The results of these studies also suggest the existence of ambivalent attitudes
towards creative evaluation, as the participants who experienced low levels of uncertainty (e.g.,
anger and happiness) had positive attitudes towards creative evaluation, whereas the partici-
pants who experienced high uncertainty (e.g., fear) exhibited negative biases regarding the rec-
ognition of creativity [63, 64]. However, in these studies, the researchers experimentally
manipulated emotions by focusing on valence [63], rather than arousal.

In this study, we systematically explored how both positive and negative emotions (which we
balanced in terms of arousal) affect the evaluation of exogenous ideas. We hypothesized, based on
previous results, that individual’s emotional states would modulate their abilities to judge the crea-
tivity of exogenous ideas. We positioned this investigation within a theoretical framework in
which creativity is viewed as a dynamic phenomenon, involving emotional states, socio-cultural
effects, and complex, time-dependent system interactions [65-68]. More specifically, according to
the dynamic definition of creativity [13, 69], the evaluation of ideas that are generated as outcomes
of a creative thinking process cannot be interpreted as an absolute judgment; rather, it is an exer-
cise in estimation—an active interaction between the evaluator and the product-that is dependent
on the evaluator’s emotional state [70]. A thorough understanding of the impact of emotional
states of judges and of the interaction of these with the item to be assessed comes as a straightfor-
ward necessity. This work aims at providing a step forward in this direction.

The research problem

Our aim in this study is to investigate whether and to which extent the participants’ emotional
experiences can modulate the creativity evaluation of exogenous ideas representing alternative
uses for everyday objects. To this purpose, we induced positive, negative, and neutral emo-
tional states in the participants through evocative pictures—controlling for the level of arousal-
and contrasted each of the positive and negative conditions with the neutral condition. We
embraced the widely accepted view adopted from the emotion-creativity research involving
self-report and psychophysiological responses that emotional states can be differentiated in
terms of their hedonic tone (positive vs negative) and by the extent to which they arouse and
activate (low vs. high, [71-73], see [74] for a meta-analysis). During emotional engagement,
we asked the participants to perform the Alternative Use evaluation Task (AUeT), which
involved viewing exogenous ideas involving uses for everyday objects. We had classified these
uses as non-creative (NC; e.g., a bicycle as a means of transport), moderately creative (MC;
e.g., a bicycle as a slide), and highly creative (HC; e.g., a bicycle as a chandelier). The partici-
pants evaluated these ideas’ creativity on a trial-by-trial basis (see [75] for a similar procedure).
Research question 1: Can emotions influence the evaluation of exogenous ideas?. In
this study, we examined whether emotions impact the evaluation of others’ ideas. According
to the creativity literature dedicated to emotions affecting diverse components of creative
thinking, including idea generation and evaluation, some general predictions can be formu-
lated. Assuming that positive emotional states inform individuals that their environments are
benign, thus inducing risk-taking tendencies [76, 77] and facilitating performance on diverse
measures of creativity [78, 79], then such positive emotions could also help recognizing the
positive aspects of the ideas. Individuals in such positive states may thus be more inclined than
those in neutral states to detect the quality of others’ ideas, which would result in higher scores
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in judgments of creativity. On the other hand, assuming that negative emotional states inform
individuals that their environments are problematic, thus inducing risk aversion [80] and
causing adverse effects in terms of creative fluency and flexibility (e.g., in ideation, [40]), then
such negative emotions could also lead to more severe evaluations of ideas. Individuals in such
negative states may thus be less inclined than those in neutral states to accept novel solutions
and creative ideas, which would result in lower scores in judgments of creativity. It has been
indeed demonstrated that individuals who experience negative states (e.g., fear) tend to pro-
duce lower creativity ratings because of implicit biases against creativity [63, 64]. This view
would be in line with the hedonic-tone hypothesis, which assumes that positive and negative
states have differential influences on creativity: Positive emotional states should facilitate crea-
tive performance, and negative emotional states should inhibit it [28, 81].

On the other hand, if highly arousing emotional states (both positive and negative) increase the
participants’ overall capacity to perceive, process, and evaluate information, thus promoting inno-
vative responses [38, 82-84], then high arousal should facilitate more indulgent evaluations of
ideas, as compared to low arousal (i.e., the neutral condition). In other words, individuals who
experience high arousal are usually more inclined than those with low arousal to include new cog-
nitive categories, combine information, and consider multiple novel alternatives [11, 38], so they
might also be more better able to detect value in new ideas and to thus overestimate those ideas’
creativity. This view would support the activating hypothesis, which claims that high arousal is asso-
ciated to higher creativity than low arousal: According to this hypothesis, both positive and nega-
tive states facilitate performance on creativity tasks because of their activating nature [11, 38, 85].

Research question 2: Can emotions influence the evaluation of exogenous ideas differ-
ently at varying levels of idea creativity?. To examine the extent to which emotions influ-
ence the evaluation of others’ idea, we considered the relationship between the evaluator’s
emotional experience and the nature of the object use (in terms of the creativity level), as
expert raters had previously judged (as NC vs. MC vs. HC). Based on the results of previous
studies, we also predicted a negative bias in judgments of creative ideas [63, 64] according to
the idea that greater novelty leads to greater uncertainty regarding whether an idea is reliably
effective or workable [86-88]. This feeling of uncertainty seems to activate negative associa-
tions with creativity, which in turn can result in lower evaluations of creative ideas [64]. “Bias
against creativity” might play a role in the idea evaluation process and this is more likely to
occur in highly creative ideas when people experience an aversive state than positive or neutral
state. Accordingly, we expected that NC ideas (i.e., those that are totally lacking in novelty)
would be less sensitive than MC or HC to the negative emotional states. On the contrary, we
expected that MC and HC ideas, due to their novelty, would be more sensitive to negative
emotional states than to positive and neutral ones. All in all, testing these hypotheses provides
further insight into the mechanisms underlying the influence of evaluators” emotional experi-
ence on creativity judgments of others’ ideas as a function of the nature of the idea.

Method
Ethics statement

The study conformed to the Declaration of Helsinki and was approved by the Ethical Commit-
tee of the Department of Psychology at the University of Bologna. We obtained written,
informed consent from all participants.

Participants

We calculated the sample size that was necessary to achieve 95% power (which is required to
detect an adequate effect) a-priori using G*power software, version 3.1 [89]. Based on f= 0.4
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[90], this power calculation yielded a recommended sample size of 48 participants. We thus
required 55 adult students from the University of Bologna (33 females, Mg, = 26.07,

SD = 5.34) to participate in the study. All participants had normal or corrected-to-normal
vision, and none of them reported current or past neurological or psychopathological prob-
lems. None of the participants had previous experience with the materials used in this experi-
ment, and we paid each participant 10 euros as compensation.

Stimuli and apparatus

We presented the participants with images from a set of 252 colour pictures of natural scenes
so as to induce positive, neutral or negative emotional states. We selected these images from
the International Affective Picture System (IAPS, [91]; see S1 File in the Supporting Informa-
tion), as well as public-domain pictures from the Internet. The images’ contexts are positive
(e.g., pictures of erotic or romantic couples), neutral (e.g., portraits or images of multiple peo-
ple in an everyday context), or negative (e.g., photos of mutilated bodies or violence). We bal-
anced these emotional categories and ensured that they did not differ in terms of arousal,
based on the results of a previous psychophysiological study [92]. We uniformly allocated the
picture exemplars such that there were 84 images in each of the positive, neutral, and negative
categories. Each image subtended a visual angle of 10.2° (width) x 5.8° (height), at a constant
viewing distance of 100 cm. We also balanced all pictures for contrast and brightness (0.1 and
0.6 on a linear scale from 0 to 1).

We derived this study’s AUeT stimulus materials from a database in a previous study [93],
in which 40 participants generated 3720 uses for 20 objects during AUT. Two expert raters
originally evaluated the creativity of these responses (inter-rater agreement Cohen’s k = 0.65)
on a scale from 1 to 5 [54, 94]. For the purpose of this study, we defined the three object-use
categories in terms of creativity level (NC, MC, and HC), based on the judgement scale of Sil-
via et al. [95]. As a general rule, NC corresponds to a consensus assessment equal to 1, MC cor-
responds to 3, and HC corresponds to 5. However, the number of alternative uses associated
with the highest score was very limited—corresponding to the 0,7% of all responses—because of
the highly skewed distribution in creative production [96], ratings of 4 were included in the
HC category to ensure an adequate number of stimuli in that category. It is worth highlighting
that the uses with scores of 4 were above the 95th percentile in terms of overall creative pro-
duction. Moreover, we used the following stimuli-selection criteria: the numbers of words in
describing each object-use description and the number of uses for each object (at least seven)
across the three levels of creativity. These criteria allowed us to control for the variability in the
lengths of the object-use descriptions and in the number uses within each level. The final set of
stimuli consisted of 252 uses (84 each for NC, MC, and HC), divided evenly among 12 objects.
We presented each use to the participants in the verbal form (descriptor length M = 3.15
words, SD = 1.09) along with a corresponding colour image of the associated everyday object
(1.89° horizontal x 1.89° vertical visual angle). We presented all visual stimuli on a 19-inch
LCD monitor with1024 x 768 pixel resolution and a 60 Hz refresh rate, using a constant aspect
ratio. Stimuli were presented electronically using the E-Prime 3.0 software [97], and beha-
vioural responses were collected using a standard computer keyboard. Please refer to S2 File in
the Supporting Information for the full list of AUeT stimuli (including uses and corresponding
objects).

Experimental design and procedure

Upon their arrival, we informed the participants about the experimental procedures. After
which, they signed consent forms. Before beginning the experiment, we conducted five
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1

Fixation

practice trials to familiarize the participants with the experimental design. The participants
then completed the AUeT [75]. In each trial, they saw a colour image of an object in the centre
of the screen, paired with a verbal description of a use related to that object, (at the bottom of
the picture of the object). We asked the participants to rate the creativity of each use on a
5-point-scale ranging from 1 (not at all creative) to 5 (very creative). Before they began the
AUeT, we explicitly instructed the participants in the use of the rating scale and explained the
criteria using the instructions for judging creativity described in Silvia et al. [95].

To induce different emotional states in participants during the object-use evaluation, we
used IAPS pictures [91], as they originate from a well-controlled stimulus set that is frequently
used in emotion research. Based on the overall ratings for valence and arousal of the affective
space [98], the photographs of erotic scenes or romantic couples induced a pleasant affect
(appetitive motivation), and images of mutilations or violent scenarios induced an unpleasant
affect (defensive motivation) [99]. We explicitly told the participants that these pictures, which
preceded the object presentation, were irrelevant to the task and thus should to be ignored.
The experiment comprised 252 trials. We presented the IAPS images in six blocks of 42 pic-
tures: two blocks each of positive, neutral, and negative pictures. We showed each stimulus cat-
egory equivalently in the first and the second halves of the experiment, using two distinct
orders, counterbalanced across participants. There was a 6-min pause between blocks. After
each block, the participants rated their current emotional states by using the most common
measure of the two-dimensional affective domain, i.e., the Positive and Negative Affect Scale
(PANAS; [100], see also [71, 98, 101-106]).

Each block included an equal number of NC, MC, and HC uses for objects (14 trials per
condition in each of the six blocks). We pseudo-randomized the order of the object uses, with
the constraint that no object or use category could occur more than twice consecutively. As
depicted in Fig 1, in each trial, after a fixation cross appeared at the centre of the screen for 500
ms, a natural scene (from IAPS) was visible for 6000 ms. Then, after a blank screen (500 ms), a
picture of an object and a verbal description of a proposed use were shown until the participant
evaluated the creativity of that use using the 5-point scale by hitting the appropriate number
on the keyboard. We provided no instructions regarding the response speed. We then pro-
vided a randomly set variable interval of 500 to 1500 ms before the start of the next trial.

Emotion
Induction Blank AUeT Interval

IAPS [> > 80 b S Ty PANAS =1

as.a~
chandelier

500 ms

500 ms Until 6000 ms 500-1500 ms

v

How much is it
creative?

———+—
1 5

S ————

X 6 Blocks

Fig 1. Overview of the trial procedure. Example of trial structure in wich an IAPS image is presented before the AUeT.

https://doi.org/10.1371/journal.pone.0219298.9001
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Data analysis

In order to check the effect of EMOTIONAL CONTEXT (3 within-subjects levels: positive/
appetitive, neutral, negative/aversive) on the participants’ affect self-assessments, two distinct
generalized linear mixed models (AR1 covariance structure) were performed on the positive-
and negative-affect PANAS dimensions, respectively. Robust error estimation was used to con-
trol for the effect of outliers [107].

Crucially for the research question that inspired this work, participant’s evaluation scores to
noncreative, moderately creative, and highly creative object use categories were explored in a
generalized linear mixed model (AR1 covariance structure), with robust error estimation, as a
function of emotional context. A 3 (EMOTIONAL CONTEXT: positive, neutral, negative) X 3
(CREATIVITY LEVEL: NC, MC, and HC) within-subjects design was tested exploring main
and interaction effects.

Results
Manipulation check for the induction of emotion

The results demonstrated the effectiveness of the emotional induction on participants’ affect
self-assessments. Significant differences emerged between the three induced emotional states
(positive, neutral, and negative) on PANAS positive affect, F(2,162) = 11.57, p < 0.001, as well
as on PANAS negative affect, F(2,162) = 28.07, p < 0.001. Specifically, the participants’ self-
assessments of PANAS positive affect dimension were significantly more positive in the posi-
tive emotional condition than those in the neutral condition (b = 0.19, t3,, = 3.317, p = 0.001,
95% CI = [0.077, 0.303]), or the negative emotional condition (b = 0.28, t3,, = 4.703, p = 0.000,
95% CI = [0.162, 0.398]). On the other hand, the participants’ self-reports of PANAS negative
affect dimension were significantly more negative in the negative emotional condition than
those in the neutral condition (b = - 0.59, 3,4 = - 7.105, p = 0.000, 95% CI = [-0.760, -0.429]),
or the positive emotional condition (b = - 0.59, t3,, = - 7.487, p = 0.000, 95% CI = [-0.754,
-0.439]).

Emotion’s effects on the evaluation of ideas

We observed two clear main effects. The first, an expected CREATIVITY LEVEL main effect,

F(2,486) = 130.93, p < 0.001, indicated that participants evaluated the NC uses as less creative
than both the MC (b = - 1.90, t g5 = - 15.454, p = 0.000, 95% CI = [-2.142, -1.659]) and the HC
(b=-2.04, ty96 = - 16.038, p = 0.000, 95% CI = [-2.290, -1.790]) uses. The ratings for MC uses

were also lower than those for HC uses (b = - 0.140, f,45 = - 6.547, p = 0.000, 95% CI = [-0.182,
-0.098]; see Fig 2).

The second main effect was of EMOTIONAL CONTEXT, F(2,486) = 12.13, p < 0.001, as
the creativity scores were higher overall in the positive emotional context than in either the
neutral (b = 0.074, ty56 = 2.469, p = 0.014, 95% CI = [0.015, 0.133]) or negative (b = 0.119, t 54
=4.927, p = 0.000, 95% CI = [0.071, 0.166]) conditions: the latter two conditions did not differ
significantly (b = 0.044, t,455 = 1.607, p = 0.109, 95% CI = [-0.010, 0.099]; see the insert in Fig
3). Interestingly, we also observed a significant interaction between CREATIVITY LEVEL and
EMOTIONAL CONTEXT, F(2,486) = 9.88, p < 0.001, which indicates that the influence of
the emotional states changes as a function of the creativity level (see Fig 3).

Specifically, in evaluating NC uses, the positive emotional states enhanced the rating scores
than either the neutral (b = 0.121, t454 = 3.058, p = 0.002, 95% CI = [0.043, 0.199]), or negative
(b=0.074, tyg6 = 2.289, p = 0.022, 95% CI = [0.010, 0.138]) conditions,; the latter two did not
differ significantly (b = -0.047, t,g5 = -1.640, p = 0.102, 95% CI = [-0.104, 0.009]). In the
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Fig 2. Evaluation of ideas. Average subjective ratings as a function of non-creative (NC), moderately creative (MC),
and highly creative (HC) object uses. The error bars indicate 1 SEM.

https://doi.org/10.1371/journal.pone.0219298.9002

evaluations of MC uses, however, the induction of a negative emotional context lead to lower
ratings than either the neutral (b = - 0.228, t 55 = - 4.297, p = 0.000, 95% CI = [-0.332, -0.124])
or the positive (b = - 0.206, t,55 = - 4.031, p = 0.000, 95% CI = [-0.306, -0.106]), conditions;

354
v 30
g
4.0 £
f 2.5
£
3.54 H/Q S 20
&
g}n 1.5+
£ 3.0 Neutral Negative Positive
=
=
%
& 254
2
2 . Neutral
2.0 .
. Negative
. Positive
1.5 .__,Q/Q
1.0
NC MC HC
Creativity Level

Fig 3. Emotion’s effects on the evaluation of ideas. Average subjective ratings as a function of the non-creative (NC), moderately creative
(MC), and highly creative (HC) object use categories in the neutral, negative and positive emotional contexts. The insert shows the overall effect
that neutral, negative, and positive emotional contexts have on evaluations of creativity. The error bars indicate 1 SEM.

https://doi.org/10.1371/journal.pone.0219298.9003
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again the latter two did not differ significantly (b = 0.022, t,55 = 0.423, p = 0.672,95% CI =
[-0.080, 0.125]). Finally, the evaluation scores for the HC uses showed significant differences
between the positive and the neutral conditions (b = 0.123, f,g5 = 2.354, p = 0.019, 95% CI =
[0.020, 0.226]), but not between either the positive and negative conditions (b = 0.076, t,g5 =
1.649, p = 0.100, 95% CI = [-0.015, -0.020]), or the neutral and negative conditions (b = -0.047,
t4s6 = -0.658, p = 0.511, 95% CI = [-0.189, 0.094]).

Discussion

As previously stated, a critical question in the research on creativity regards the extent to
which emotions can affect the generative and evaluative components of creative thinking [40-
44]. For this study, we considered the process of evaluating creativity as a general ability to
evaluate exogenous ideas [56-58], independent from the ability to evaluate endogenous ideas
[59]. The present study provided an initial exploration of the impact of emotions, as engaged
by positive and negative visual stimuli, on creativity evaluation of exogenous ideas generated
during an alternative use task (AUT). We used in particular an alternative use evaluation task
(AUeT), by asking participants to evaluate ideas, which represented noncreative, moderately
creative, or highly creative uses for everyday objects.

Results reveal that the participants who were in a positive state, as compared to those in a
negative state or neutral (control) state, tended to be more indulgent when estimating the crea-
tivity of the ideas. These findings appear to be consistent with certain past findings on the rela-
tionship between moods and creativity, even if referred to standard indicators of creative
ideation, problem-solving [26, 76, 108] and divergent thinking abilities [38, 109]. Similarly, we
observed that a positive emotional state, as compared to a negative or neutral state, facilitated
evaluation ability. These findings are in line with the hedonic-tone hypothesis, according to
which positive hedonic states, unlike negative or neutral ones, inform individuals about safety
of the surrounding environment and thus are associated to tendencies towards over inclusion
and loose conceptual boundaries [110]. Positive emotional states thereby promote individuals
‘exploration of novel ideas and creative solutions [78, 79]. In the same way, we found that
these tendencies influenced the creativity evaluations of alternative ideas, likely promoting
individuals to extract more value during the positive-state assessments than during the nega-
tive or neutral state, thus increasing their scores.

In addition, we assessed the extent to which positive and negative emotional states affect
the process of evaluating the creativity of ideas: to do so, we presented participants with vari-
ous categories of object uses based on independent expert raters’ creativity ratings (as NC,
MG, or HC). The results of our study partially support the prediction in which, as compared to
NC uses, the evaluation of uses with varied creativity could be more sensitive to a negative
emotional state more than to a positive or a neutral state, because of the feeling of uncertainty
that people develop when evaluating creative ideas ([63, 64]; see also [86-88]). More specifi-
cally, we found that, although positive emotional experiences led to higher creativity for NC
uses, and to a lesser extent for HC ones, as compared to the neutral condition, negative emo-
tional experiences led to lower creativity ratings for MC uses, as compared to both the positive
and neutral conditions. Thus, we hypothesize that there are two directions of emotional influ-
ence on creativity judgements as a function of the uses’ creativity.

For NC and HC uses, our data support the aforementioned hedonic-tone hypothesis, in
which positive feelings promote creativity performance, including in evaluation [20, 24-28,
111, 112]. On the other hand, the data on MC uses appear to be in line with the prediction that
a negative state, as compared to an positive or a neutral one, can lead to lower creativity ratings
during experiences of novelty or uncertainty [86-88; 64]. In addition, these results are

PLOS ONE | https://doi.org/10.1371/journal.pone.0219298 July 5, 2019 9/16


https://doi.org/10.1371/journal.pone.0219298

@ PLOS|ONE

Emotions and idea evaluation

consistent with the general assumption that a negative affective state, which informs individu-
als that their situations are problematic, has an unfavourable impact on creative performance
[29-31, 113]. We interpret this effect on the MC use by considering the fact that, when faced
with MC ideas—possibly characterized by some form of inappropriateness [59]-people may
experience feelings of uncertainty about whether those idea are reliable functional, useful,
faultless, or consistent. A negative emotional state thus could inhibit the extraction of favour-
able values from these ideas, resulting in lower scores for creativity [63, 64, 86, 87, 114, 115].
Judging the quality of an idea in terms of appropriateness is indeed particularly difficult [49,
116], as this measure is a key element that allows individuals to distinguish between novel (or
inappropriate) and creative (or appropriate) ideas [59]. In other words, a negative emotional
context, unlike a positive or neutral one, may lead individuals to underestimate the creativity
of MC uses, as these uses are likely to contain more uncertainty and lesser appropriateness
than NC or HC. It has been indeed suggested that appropriateness reduces uncertainty, thus
allowing novel or inappropriate ideas to appear to be truly creative [117].

Despite these promising findings, caution needs to be exerted when drawing conclusions
from them. In the creativity judgements for NC and HC uses, the positive emotional states
increased the creativity ratings for both types of stimulus, thus confirming the hedonic-tone
hypothesis. However, this effect was more easily interpretable in the case of NC ideas. Specifi-
cally, the creativity judgements of NC uses were higher during positive engagement than dur-
ing either neutral or negative engagement. In the case of HC uses, we found instead that
creativity judgements during positive engagement were greater then those during neutral
engagement but did not differ from those during negative engagement. In this case, we could
not rule out the activating hypothesis, according to which both positive and negative states
facilitate evaluations of creativity, as compared to the neutral condition [35, 37, 38]. One
methodological implication of these results involves investigating the evaluation of ideas using
categories that vary based on creativity level. Because of these results seem to suggest the
importance of appropriateness in the relationship between emotion and the evaluation od
ideas, future researchers could employ idea categories that are balanced for both novelty/origi-
nality and appropriateness/effectiveness [59, 118-120], in order to clarify the interaction
between these dimensions and the evaluator’s emotional states.

Moreover, it may be interesting to explore the effect of emotion on evaluations of self-gen-
erated ideas. In this study, we asked the participants to judge ideas that others had generated,
as measuring the judgement of individuals’ own ideas has serious methodological issues
related to those individual’s bias regarding their own creative ability ([59]; see also [52]). How-
ever, the ability to assess one’s own ideas is also a critical skill in creative thinking [121-123].
Consequently, by using ad hoc experimental designs to overcome the aforementioned meth-
odological issues, studies on how emotions impact the evaluation of endogenous ideas could
provide important insights on the mechanisms underlying the selection of the most creative
idea by the thinker from among a variety of alternatives that are generated during divergent
thinking [70, 124].

Conclusions

In summary, our findings provide an initial understanding of how the idea-evaluation process
is moderated during affectively arousing situations. Specifically, we examined the extent to
which emotional states influence the way people judge the creativity of ideas representing non-
creative, moderately creative, and highly creative uses for everyday objects. Overall, results
revealed that people produce higher creativity ratings when under positive emotional engage-
ment than negative or neutral conditions. We found that, when considering the creativity level
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of an idea, participants gave more indulgent creativity ratings for NC and HC uses when in a
positive emotional state; they underestimated MC uses when in a negative emotional state.
Taken together, these findings provide the first evidence that emotions impact people’s evalua-
tions of creativity of exogenous alternative ideas that are generated through divergent
thinking.
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