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Investigating links 
between creativity anxiety, 
creative performance, 
and state‑level anxiety and effort 
during creative thinking
Richard J. Daker 1*, Indre V. Viskontas 2, Grace F. Porter 1, Griffin A. Colaizzi 3, Ian M. Lyons 1 & 
Adam E. Green 1

Identifying ways to enable people to reach their creative potential is a core goal of creativity research 
with implications for education and professional attainment. Recently, we identified a potential 
barrier to creative achievement: creativity anxiety (i.e., anxiety specific to creative thinking). Initial 
work found that creativity anxiety is associated with fewer real‑world creative achievements. 
However, the more proximal impacts of creativity anxiety remain unexplored. In particular, 
understanding how to overcome creativity anxiety requires understanding how creativity anxiety may 
or may not impact creative cognitive performance, and how it may relate to state‑level anxiety and 
effort while completing creative tasks. The present study sought to address this gap by measuring 
creativity anxiety alongside several measures of creative performance, while concurrently surveying 
state‑level anxiety and effort. Results indicated that creativity anxiety was, indeed, predictive of poor 
creative performance, but only on some of the tasks included. We also found that creativity anxiety 
predicted both state anxiety and effort during creative performance. Interestingly, state anxiety and 
effort did not explain the associations between creativity anxiety and creative performance. Together, 
this work suggests that creativity anxiety can often be overcome in the performance of creative 
tasks, but likewise points to increased state anxiety and effort as factors that may make creative 
performance and achievement fragile in more demanding real‑world contexts.

Creative ability is one of the most sought-after qualities among employers across  industries1, and for good 
reason. The ability to think creatively—often defined as thought that results in the generation of novel and use-
ful  products2—drives innovation at individual, organizational, and societal levels. Research that allows for the 
identification, and eventually the mitigation, of potential barriers to optimal creative thinking—allowing people 
to reach their creative potential—should therefore be prioritized.

One potential barrier to the fulfillment of creative potential, which we have recently identified, is “creativity 
anxiety”, or anxiety about thinking  creatively3. We developed and validated the Creativity Anxiety Scale (CAS), 
and found evidence that creativity anxiety can manifest across a variety of domains, from traditionally “crea-
tive” domains like music and art to domains that are often considered more technical than creative, like science 
and math. Both in general and across a variety of domains, we also found evidence that situations that involve 
a need to think creatively elicited higher anxiety ratings than similar situations that did not necessitate creative 
thinking. This finding suggests that adding a need to be creative to a task is, on average, anxiety-inducing. Per-
haps most concerning, we found evidence that creativity anxiety was associated with a tendency to report lower 
levels of real-world creative  achievement3,4, as measured using the Creative Achievement  Questionnaire5. This 
work provided preliminary evidence that creativity anxiety may very well act as a barrier to creative thinking.

While this previous work supplied important evidence that creativity anxiety was predictive of creative achieve‑
ment (i.e., a combination of engagement with and success in creative pursuits), no work has yet investigated 
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the relationship between creativity anxiety and performance on measures of creative ability (i.e., measures that 
test one’s ability to think creatively). While it may seem as if creative achievement and creative ability would go 
hand-in-hand, past work has found that many measures of creative thinking ability are often uncorrelated with 
measures of creative  achievement6. This suggests that links between creativity anxiety and creative achievement 
and ability should be treated as two separate lines of inquiry—the former focused on real-world degrees of crea-
tive accomplishment and the latter focused on the cognitive consequences creativity anxiety can have on in-the-
moment creative thinking. There is substantial reason to think that those who are high in creativity anxiety may 
display worse creative performance. First, drawing on a corresponding line of research on anxiety specific to math 
(i.e., math anxiety), there is a reliable association between math anxiety and math  performance7–9. The same is 
true of other “cognition-specific anxieties” as well—spatial anxiety is negatively predictive of spatial reasoning 
 performance10,11, in children reading anxiety is negatively predictive of reading  performance12, foreign language 
anxiety is negatively predictive of foreign language  performance13, etc. Assuming that creativity anxiety functions 
similarly to these other cognition-specific anxieties, creativity anxiety should therefore negatively predict crea-
tive performance. Multiple explanations have been proposed to explain these associations. Some have focused 
on avoidance—those who are anxious about a type of thinking tend to avoid situations that involve that type of 
thinking and therefore receive less practice with it 14,15. Other accounts are focused on state-level impacts—feeling 
anxious about a type of thinking might mean higher state anxiety levels when faced with a situation that involves 
that type of  thinking13–15 (see below for additional detail). Second, meta-analytic work has shown that general 
anxiety is negatively predictive of creative  performance16. Again, multiple explanations for this have been posited. 
Some theories focus on working memory deficits caused by  anxiety17 while others hold that anxiety is linked to 
poor creativity as a result of behavioral  inhibition18. Given that other work has found that cognition-specific 
anxieties are more strongly predictive of cognitive performance than is general  anxiety10, it thus is reasonable to 
predict that creativity anxiety would be associated with creative performance. The chief goal of the present work 
was to assess the extent to which creativity anxiety is, indeed, predictive of worse creative performance. We were 
also interested in exploring whether an increase in state anxiety or a decrease in effort, or a combination of both, 
might serve as a mechanism for how creativity anxiety affects performance.

To that end, another goal of the present work was to begin to understand the state-level experience of crea-
tive performance for those high in creativity anxiety. Drawing again from the math anxiety literature, one of 
the chief mechanisms that has been proposed to explain why math-anxious people underperform in math is 
increased state  anxiety19–21. By this account, when faced with math, those who are math-anxious experience 
an increase in state anxiety, and this state anxiety in turn interferes with cognitive processing that is necessary 
to do cognitively-demanding math. A similar dynamic may be at play when someone who is high in creativ-
ity anxiety is faced with a need to be creative. However, no prior work has investigated whether those who are 
higher in trait-level creativity anxiety experience heightened state anxiety during creative performance. This is 
an important gap in the literature to fill, as it is a key assumption of the Creativity Anxiety Scale that those who 
indicate they would be anxious in hypothetical situations that involve creative thinking actually do become more 
anxious in-the-moment when they have to think  creatively3. As a result, this investigation enables us to perform 
an additional test of the validity of the Creativity Anxiety Scale. If it were the case that those higher in creativity 
anxiety experienced heightened state anxiety while completing creative tasks, this could mean their creative 
performance may be particularly fragile in cognitively demanding contexts.

In addition to understanding whether the degree of in-the-moment anxiety during creative performance is 
linked to creativity anxiety levels, we also wished to investigate whether creativity anxiety is associated with the 
degree of self-reported effort associated with creative performance. There is evidence in the math anxiety literature, 
for instance, that those who are math-anxious may be less likely to expend effort on tasks that involve  math22,23. This 
avoidance is thought to occur as a form of emotion regulation—if you are anxious about something, expending less 
effort on it in situations where you cannot avoid it entirely can be a way to reduce how anxiety-inducing that thing 
 is23. If this were the case for creativity anxiety, this could be another mechanism by which creativity anxiety might be 
linked to creative performance. In contrast, there is evidence in the literature on general anxiety that those who are 
highly anxious engage in additional effort when completing cognitive tasks as a way to compensate for the otherwise 
negative effects of anxiety on  performance24. Here, the idea is that anxiety can be a motivating factor. Beginning to 
understand how the state-level experience of creative performance might differ as a function of creativity anxiety 
can provide useful mechanistic insights that could inform future intervention work. In one study described here, we 
therefore tested whether A) creativity anxiety was predictive of state anxiety and/or effort associated with creative 
tasks and B) if so, whether these associations could explain any observed links between creativity anxiety and crea-
tive performance. Understanding the state-level impacts of creativity anxiety can provide important mechanistic 
insight that can inform interventions that aim to reduce its harmful effects on creative achievement.

To test whether creativity anxiety is, indeed, linked to poor creative performance, we measured creativity 
anxiety alongside performance on three different creativity tasks. We included multiple tasks for a few reasons. 
First, no one task will adequately capture all of “creative performance” on its own. A small battery of tasks is not 
fully adequate to capture such a complex construct, but the inclusion of multiple tasks that measure different 
facets of creativity will allow for a fuller picture than using one task alone. Second, there may very well be dif-
ferences in the extent to which creativity anxiety is associated with performance on different creative tasks. For 
instance, past meta-analytic work has found significant differences in the strength of the association between 
general anxiety and different creativity tasks with tasks that were coded as more complex (and therefore more 
cognitively demanding) having stronger negative  associations16. By including multiple measures of creative 
performance, we can test whether creativity anxiety is differentially predictive of performance on tasks that 
measure different facets of creativity.

One task we included in our battery was the Alternative Uses Task (AUT 25), which is a standard task in the 
creativity literature used to measure primarily divergent creative thinking. In this task, participants are given a 



3

Vol.:(0123456789)

Scientific Reports |        (2023) 13:17095  | https://doi.org/10.1038/s41598-023-39188-1

www.nature.com/scientificreports/

common household object and asked to generate as many alternative uses for this object as possible in a given 
timeframe, and participants are scored on both the number of different ideas they generate (fluency) and how 
original those ideas are (originality). Our battery also included items from the Compound Remote Associates 
task (CRA 26), another standard task in the creativity literature that is often used to measure primarily convergent 
creative thinking. The CRA is modeled after Mednick’s Remote Associates Test (RAT 27). In the CRA, participants 
are shown three words (ex. “pine, crab, sauce”) and asked to generate a fourth word that, when combined with 
each of the three stimulus words, produces a compound word or phrase (ex. “apple”; “pine-apple”, “crab-apple”, 
“apple-sauce”). This task differs from the AUT in that, whereas there are no right or wrong answers on the AUT, 
on the CRA there is a single correct answer, and participants must think creatively to arrive at that answer.

We further tested creative performance on the Analogy Finding Matrix task developed by Weinberger et al28. 
In this task, participants are presented with a large matrix of possible analogies (ex. “Kitten is to Cat as Puppy is 
to Dog”) and asked to select the valid analogies (including this example). In each matrix, there are 100 possible 
analogies, but only 17 of them are valid. Crucially, the valid analogies differ from each other in how “creative” they 
are, as quantified via semantic  distance29,30. “Kitten is to Cat as Puppy is to Dog” is a less creative (less semantically 
distant) analogy, whereas “Kitten is to Cat as Spark is to Fire” is a more creative analogy. To do well on this task, 
participants must therefore be able to think creatively as they construct their analogies. Participants completed 
iterations of the Analogy Finding Matrix task under two conditions: uncued (no instruction regarding creativity), 
and creativity-cued (participants were prompted to “think creatively” as they constructed their analogies). Creativ-
ity cueing has been found to boost performance on this  task28,31. One interesting question that can be investigated 
by including both a creativity-cued and uncued version of this task is whether those who are high in creativity 
anxiety are less able to consciously augment their creative state when prompted to be creative. Additionally, per-
formance on this task can be thought of as including a more balanced mix of divergent and convergent reasoning 
compared to the AUT and CRA, which place their focus more on one type of reasoning over the other (though 
neither are process-pure measures of “divergence” or “convergence”32). Finally, performance on the uncued task 
(in which participants are not explicitly told to be creative) can act as a measure of how creatively participants 
think when not prompted to be creative. It is possible that those who are high in creativity anxiety are less likely 
to spontaneously think creatively in situations that allow for, but do not explicitly demand, creative thinking.

We collected these measures from three different samples of university students. In our third sample, we went 
beyond simply measuring creativity anxiety levels alongside creative performance measures and additionally 
collected information about state-level factors that might be relevant for performance: state anxiety and effort. 
After each task, we asked participants to report both how anxious they felt while they were completing the task 
and how much effort they put into completing the task. This protocol allowed us to not only investigate associa-
tions between creativity anxiety and creative performance, but also between creativity anxiety and state-level 
dynamics that may be consequential for creative performance. Moreover, collecting these measures together 
allowed us to test whether any observed associations between creativity anxiety and creative performance that 
we did see could be attributed to either state-level anxiety or effort as mechanisms. Understanding whether crea-
tivity anxiety is associated with poor performance in specific types of creative thinking—and gaining an initial 
understanding of state-level anxiety and effort dynamics of creative performance for those higher in creativity 
anxiety—is the first step toward the development of effective interventions to overcome this barrier and allow 
people to perform to the best of their creative ability.

Methods
Participants
Due to the COVID-19 pandemic, all data collection took place online, and past work has found that effect sizes 
of online studies tend to be smaller than similar in-lab  studies33. To compensate for this trend, a total of 506 par-
ticipants were recruited in three separate studies; this large sample size allowed us to detect correlations as small 
as r = .124 with .8 power at an alpha of .05. In Study 1, 153 participants (71 female, mean age = 20.57, SD = 1.47) 
were recruited from computer science courses at Georgetown University as part of a broader study aimed to 
assess predictive effects of creative abilities and attitudes on performance in computer science courses (for details, 
 see34. In Study 2, 216 participants (173 female, mean age = 20.19, SD = 2.84) were recruited from the Georgetown 
University Psychology Department participant pool. In Study 3137 participants (104 female, mean age = 20.01, 
SD = 1.11) were recruited as part of the University of San Francisco’s Psychology Department participant pool. All 
students were compensated with extra credit in their academic courses for participating. All participants provided 
informed written consent to participate. All procedures for research carried out at Georgetown University were 
approved by Georgetown University’s Institutional Review Board, and all procedures for research carried out at 
the University of San Francisco were approved by the University of San Francisco’s Institutional Review Board. 
All research was performed in accordance with the relevant guidelines and regulations.

Procedure
Participants completed a battery of questionnaires and cognitive tasks online. All questionnaires and cognitive 
tasks were presented in a randomized order. The total battery took, on average, 35 min to complete, and partici-
pants were instructed that they could take breaks in between tasks or questionnaires but that they should refrain 
from taking breaks while in the middle of a measure.

Measures
Survey measures
Creativity anxiety scale. Participants completed the Creativity Anxiety Scale  (CAS3). The CAS is comprised 
of two item types: creativity anxiety items (CA) and non-creativity anxiety control items (NAC). On each item, 
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participants are presented with a situation and asked to rate how anxious this situation would make them feel 
on a scale from 0 (None at all) to 4 (Very much). Each of the 8 CA items measure anxiety toward situations that 
require being creative (for example “Having to come up with a unique way of doing something” and “Having to 
think in an open-ended and creative way”). Each of the 8 NAC items measure anxiety toward similar situations 
as those presented in the CA items but that remove the need to be creative (for example, “Having to precisely 
follow an established method of doing something” and “Having to think in a precise and methodical way”). The 
inclusion of the NAC items allows for anxiety toward the noncreative demands of the situations presented in the 
CA items to be measured and controlled for. Both CA and NAC scores range from 0 to 32, where higher scores 
indicate greater anxiety. Cronbach’s α was .90 for both the CA and NAC measures.

Trait component of the state-trait anxiety inventory. Participants completed the trait component of the State-
Trait Anxiety  Inventory35. Participants were presented with a number of statements intended to probe the 
anxiety-related feelings they generally experience (for example, “I feel that difficulties are piling up so that I 
cannot overcome them” and “I feel pleasant” [reverse scored]) and asked to indicate how often they feel what is 
described in each statement on a scale from 1 (Almost never) to 4 (Almost always). This 20-item scale ranges in 
scores from 20 to 80, where higher scores indicate greater anxiety. This scale was included for use as a covariate 
when assessing associations between creativity anxiety and other measures to ensure that any associations are 
not driven by shared associations with general trait anxiety. Cronbach’s α was .93 for this measure.

Cognitive Performance Measures
Alternative Uses Task. Participants’ ability to generate unique ideas was measured using the Alternative Uses 
Task developed by Guilford (AUT 25). Participants were given the following instructions: “For this section, list 
as many alternative uses for a brick as you can think of in two minutes.” Participants typed their responses. We 
extracted two dependent variables from the AUT: Fluency, or the number of unique responses participants gen-
erated, and Originality, or how original, on average, those responses were. Both of these scores were determined 
by trained independent raters. In Study 1, two independent raters provided ratings, and for Studies 2 and 3, three 
independent raters provided ratings. For each response a participant gave, each independent rater provided an 
Originality rating (possible scores ranged from 1 “very obvious and ordinary use” to 5 “very imaginative, re-
contextualized use”) and a Fluency rating (0 if the response was inappropriate or irrelevant, 1 if the response was 
appropriate and relevant). Inter-rater reliability was moderate or high for each dependent variable in each study 
(Intra-class correlation coefficients: Study 1—Originality = .83, Fluency = .99; Study 2—Originality = .87, Flu-
ency = .99; Study 3—Originality = .77, Fluency = .97). To be considered a valid response, at least half of the raters 
must have indicated a 1 for Fluency. An overall Fluency score was obtained for each participant by summing the 
amount of valid responses that participant produced. Originality scores for each participant were generated by 
taking the average Originality ratings of all valid responses.

Compound remote associates. Participants completed the items from the Compound Remote Associates task 
(CRA 26), which was modeled after the Remote Associates Test (RAT 27). On each trial, participants were given 
three stimulus words and are told to generate a fourth word that would create a common phrase when combined 
with each of the stimulus words. For example, participants were presented with a word triad such as [opera/
hand/dish] and generated a fourth word, in this case, [soap], which makes three possible compound words/
phrases with the original triad: soap opera, hand soap, and dish soap. Participants were given 10 s for each trial 
to type their response. Participants completed a total of 15 trials that had an average solution rate of 49.2% (with 
a range of solution rates from 29 to 79%) in a norming  study26. In the present work, we observed an average solu-
tion rate of 41%. Fifteen participants either did not make any responses during this task or did not complete the 
task according to the instructions (e.g., several participants provided a series of three words in response to each 
trial when the task was to generate a single word that linked the three words shown as the stimulus) and were 
therefore excluded from analysis involving the CRA.

Analogy finding matrix task. Creative analogical reasoning was tested using the Analogy Finding Matrix 
 task28,31. In this task, participants are shown a matrix of word-pairs, with 5 word-pairs shown as a column on the 
left side of the screen (stem pairs) and 20 word-pairs shown as a row at the top of the screen (completion pairs). 
Participants received the following instructions: “Your task is to make analogies by combining word-pairs on 
the left side of the grid with word-pairs along the top of the grid. Each word-pair should be read as ‘[Top Word] 
is to [Bottom Word]’. For example, ‘Helmet is to Head.’ Check the boxes to indicate when a word-pair from the 
top combines with a word-pair on the left to make a valid analogy. Try to make as many analogies as you can. 
However, only valid analogies should be listed, so don’t list analogies unless you can describe how the two word 
pairs are analogous.” Each stem pair in this task can be combined with 3 or 4 of the completion pairs to form 
valid analogies. A total of 17 valid analogies can be found in each matrix (out of 100 possible combinations of 
stem pairs and completion pairs; 83 possible invalid combinations). The valid analogies range in the semantic 
distance between the two analogs (word-pairs). Semantic distance is commonly used as a quantitative index of 
creativity, based on the similarity or distinctness of the context of word usage across corpora of text representing 
mass aggregations of a written  language36,37 (in this case, English). For example, the valid analogy “[Kitten] is 
to [Cat] as [Puppy] is to [Dog]” is low in semantic distance and is therefore considered a relatively uncreative 
analogy while the valid analogy “[Kitten] is to [Cat] as [Spark] is to [Fire]” is high in semantic distance and is 
therefore considered a relatively creative analogy.

After completing one analogy matrix with the above instructions, participants in the Analogy Finding Matrix 
task are presented with another analogy matrix, this time with the following additional instructions: “This time, 
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please think creatively as you search for valid analogies. Some analogies may not be obvious right away, so be 
sure to look for abstract connections.” Previous work has shown that this “creativity cue” increases the number 
of valid analogies participants construct without significantly increasing the number of invalid analogies that 
are  constructed28,31. Two versions of the Analogy Finding Matrices were used, and the order in which they were 
presented was counterbalanced. Although the matrix versions were counterbalanced, the cued condition always 
came second. Note that as a component of the study by Weinberger et al.28, both matrix versions were presented 
without the creativity cue and no evidence of practice effects was found, suggesting that differences in perfor-
mance on the cued and uncued matrices can be attributed to the presence of the creativity cue rather than to 
practice. Participants were given 3 min for each Analogy Finding Matrix version.

Three separate dependent variables were produced by this task: the number of correct analogies selected 
on the uncued matrix (Analogy Finding Matrix—Uncued), which provides a measure of creative analogical 
reasoning ability when not explicitly prompted to be creative; the number of correct analogies selected on the 
matrix with the creativity cue (Analogy Finding Matrix—Creativity Cue), which provides a measure of creative 
analogical reasoning ability when explicitly prompted to be creative; and the difference between these scores 
(Analogy Finding Matrix—Cue Effect), which provides a measure of how much participants were able to increase 
their creative analogical reasoning ability after receiving a prompt to be creative. When assessing associations 
between these variables and creativity anxiety, we residualized out the number of invalid analogies participants 
constructed to penalize for incorrect responding. This was done because otherwise a hypothetical participant 
who selected a large number of options at random could score highly on this task despite not actually engaging 
in any analogical reasoning. Six participants did not select any analogies on at least one version of this task and 
were therefore excluded from analyses involving the Analogy Finding Matrix task.

Raven’s advanced progressive matrices. Participants completed a portion of the Raven’s Advanced Progressive 
Matrices (Raven’s38). This task requires participants to complete a visual pattern in which one section of nine is 
missing by selecting one of eight options to fill in the missing section. One half of the Raven’s questions (all even 
numbered questions) were selected for this for participants to complete. After completing a practice problem, 
participants were given 10 min to complete as many of the Raven’s items as possible (17 total). Scores were calcu-
lated by summing the total correct responses. This task was included for use as a covariate measure of fluid intel-
ligence when investigating links between creativity anxiety and measures of creative performance. Two partici-
pants did not make any responses during this task and were therefore dropped from analyses involving Raven’s.

State‑level measures of anxiety and subjective effort
In Study 3, after each task, participants were asked to indicate how anxious they were during the task and how 
much effort they expended during the task. The exact questions were: “While you were completing the previous 
task, how much anxiety did you feel?” (anxiety) and “While you were completing the previous task, how much 
effort did you put in?” (effort). Response options to both questions were as follows: “None at all” (0), “A little” 
(1), “A fair amount” (2), “Much” (3), “Very much” (4). Past work has used similar measures of state  anxiety39 and 
subjective  effort40. Inclusion of these measures allowed us to assess associations between creativity anxiety and 
state-level factors associated with performing creative tasks. One participant did not respond to the state-level 
prompts and was therefore excluded from analyses involving these measures.

Results
Analysis 1: Testing associations between creativity anxiety and measures of creative 
performance
For descriptive statistics of all measures, see Table 1. The goal of Analysis 1 was to test the extent to which creativ-
ity anxiety was associated with multiple measures of creative performance. Our approach was to assess zero-order 
associations between creativity anxiety and each measure of creative performance, as well as assessing partial 
correlations controlling for non-creativity anxiety control scores, general trait anxiety, performance on Raven’s 
Progressive Matrices, and dummy variables indicating the studies from which participants were aggregated.

Table 1.  Descriptive statistics for all variables are shown. *This measure reflects the difference in performance 
between the uncued and creativity-cued analogy finding matrix tasks.

Measure N Mean (SE) Skew Kurtosis

Creativity anxiety 506 13.15 (.28) .18 .36

Non-creativity anxiety control 506 9.04 (.28) .70 .21

General trait anxiety 506 26.34 (.44) .05 − .34

AUT fluency 506 8.72 (.18) .95 3.23

AUT originality 506 2.13 (.02) − .19 .80

CRA 491 5.97 (.15) − .06 − .83

Analogy finding matrix—no creativity cue 500 8.09 (.17) .31 − .92

Analogy finding matrix—creativity cue 500 9.13 (.18) − .11 − .97

Analogy finding matrix—creativity cue effect* 500 1.04 (.13) .18 .36

Raven’s 504 9.33 (.14) − .27 − .33
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Results (Fig. 1) indicated that creativity anxiety was significantly associated with both AUT Fluency 
(r(504) = − .195, p = 1E−5; rpartial(497) = − .179, p = 6E−5) and with Analogy Finding—No Creativity Cue 
(r(498) = − .153, p = 6E−4; rpartial(491) = − .112, p = .013). There was also a significant zero-order association 
between creativity anxiety and Analogy Finding—Creativity Cue (r(498) = − .097, p = .031), but this association 
did not hold after controlling for covariates (rpartial(491) = − .039, p = .391). No other significant associations 
between creativity anxiety and measures of creative performance were observed (all ps >  .05; note also that there 
was no association between creativity anxiety and Raven’s performance).

These results suggest that creativity anxiety is negatively associated with the number of unique ideas indi-
viduals can generate (indexed by AUT Fluency), but not with how creative those ideas are (indexed by AUT 
Originality). They also suggest that those who are higher in creativity anxiety are less likely to spontaneously 
make creative connections between distant concepts if not prompted to be creative (indexed by Analogy Find-
ing Matrix—No Creativity Cue), potentially reflecting lower baseline levels of “state creativity”41. If prompted 
to be creative, however, those higher in creativity anxiety appear to be just as able to make creative connections 
between concepts as those lower in creativity anxiety (indexed by Analogy Finding Matrix—Creativity Cue), and 
they also appear just as able to augment their creative state (indexed by the Analogy Finding Matrix—Creativity 
Cue Effect). Those higher in creativity anxiety also appear to be just as skilled at engaging in primarily conver-
gent creative reasoning (indexed by CRA performance) as those who are less anxious about thinking creatively.

Together, these results suggest that the links between creativity anxiety and creative performance are com-
plex: there are some modest negative associations, but it is certainly not the case that those who are anxious 
about thinking creatively underperform on all tasks involving creative thinking. The lack of negative associa-
tions between creativity anxiety and certain forms of creative performance raises additional questions: why is it 
that those who are anxious about thinking creatively would perform just as well as those who are not anxious?

One possibility is that those who were high in creativity anxiety simply did not become anxious in the moment 
when completing all of these creativity tasks. It is possible, for instance, that participants who are high in creativity 
anxiety experienced heightened state anxiety in response to the AUT, but not in response to the CRA, possibly due 
to differing perceptions of how much each task actually involved “creative thinking”. Another possibility could be 
that those who are anxious about creative thinking engage in compensatory effort to make up for their anxiety, 
which has been found to occur in the case of general anxiety in past  research24. Contrastingly, there is also evidence 
in the math anxiety literature that those who are math-anxious are more likely to expend little effort during math 
performance as a form of “micro-avoidance” of math, the target of their  anxiety22,42. It may therefore be the case 
that those who are high in creativity anxiety are less likely to expend effort during creative performance.

Addressing these questions requires getting state-level information about participants’ anxiety and effort levels 
associated with each task. Thus, in Study 3, we included state-level measures of anxiety and effort in which we 
asked participants about their experience of each task directly after the task ended. This protocol afforded the 
opportunity not only to test why we may not have seen predicted associations between creativity anxiety and 
certain types of creative performance (paths from creativity anxiety to state-level factors to creative performance 
may not be intact), but also to test whether state anxiety or effort can explain any of the associations we did find 
(e.g., Does heightened state anxiety explain the association between creativity anxiety and AUT Fluency?). In 
the next section, we make use of these state-level measures to better understand the observed associations (or 
lack thereof) between creativity anxiety and measures of creative performance.

Analysis 2: State‑level correlates of creativity anxiety and creative performance
The goal of this analysis was to assess correlations between creativity anxiety and both state anxiety levels and 
effort levels participants reported during each of the creativity tasks. We also planned to test whether state 
anxiety and/or effort could explain associations (or lack of associations) between creativity anxiety and creative 
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Correlations between Creativity Anxiety and Creative P erformance Measures

Figure 1.  Shows associations between creativity anxiety and measures of creative performance. The darker blue 
bars indicate zero-order Pearson’s correlations. The lighter blue bars indicate partial correlations controlling 
for the following covariates: non-creativity anxiety control scores, general trait anxiety, Ravens performance, 
and dummy variables indicating which of the three studies participants were from. Error bars represent 95% 
confidence intervals.
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performance. Of the three studies included as part of the present work, only Study 3 included state-level meas-
ures. For descriptive statistics of all state-level measures, see Table 2. Note that there was no evidence of ceiling 
or floor effects for any measures.

First considering associations between creativity anxiety and state anxiety during creative performance, Fig. 2 
shows both zero-order correlations between creativity anxiety and state anxiety during each task and partial 
correlations controlling for non-creativity anxiety control scores and for general trait anxiety. Results indicated 
significant zero-order associations between creativity anxiety and all state anxiety measures (all ps < .05). Moreo-
ver, these associations remained significant after controlling for non-creativity anxiety control scores and general 
trait anxiety for all measures except for Analogy Finding Matrix—No Creativity Cue (this lack of association 
could be because participants were less likely to perceive the Analogy Finding Matrix task as “creative” when it 
is not accompanied by a creativity cue). Together, these results provide important evidence that creativity anxi-
ety is, as expected, associated with state anxiety during creative tasks—even including tasks for which there was 
not a significant association between creativity anxiety and performance, like the CRA. We did not observe a 
significant effect of creativity anxiety on the difference in anxiety ratings between the Analogy Finding Matrix 
task with and without the creativity cue (p > .05), suggesting that those who are higher and lower in creativity 
anxiety experience similar changes in state anxiety between the two tasks.

Next turning to effort, Fig. 3 shows both zero-order correlations between creativity anxiety and reported 
effort during each task and partial correlations controlling for non-creativity anxiety control scores and for 
general trait anxiety. Results indicate significant zero-order associations between creativity anxiety and all effort 
measures with the exception of effort during the AUT (all other ps < .05). Controlling for non-creativity anxiety 
control scores and general trait anxiety resulted in the effect on CRA effort becoming non-significant, however. 
The observed results suggest that creativity anxiety is associated with greater, not lesser, exerted effort during 
creativity tasks, though the effects on effort are not particularly consistent. While heterogeneous, these results 
appear more in line with the compensatory effort hypothesis (i.e., that those higher in creativity anxiety would 

Table 2.  Descriptive statistics for all state-level variables are shown. *These measures reflect the difference in 
ratings between the uncued and creativity-cued Analogy Finding Matrix tasks.

Measure N Mean (SE) Skew Kurtosis

AUT state anxiety 136 1.68 (.10) .38 − .80

CRA state anxiety 136 2.24 (.11) − .03 − 1.23

Analogy finding matrix—no creativity cue state anxiety 136 1.32 (.10) .69 − .53

Analogy finding matrix—creativity cue state anxiety 136 1.07 (.09) .75 − .01

Analogy finding matrix—creativity cue effect state anxiety* 136 − .25 (.09) − .33 .33

AUT effort 136 2.56 (.08) − .14 − .52

CRA effort 136 2.78 (.09) − .48 − .28

Analogy finding matrix—no creativity cue effort 136 2.29 (.09) − .18 − .40

Analogy finding matrix—creativity cue effort 136 2.46 (.09) − .28 − .46

Analogy finding matrix—creativity cue effect effort* 136 .16 (.07) .21 1.86
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Figure 2.  Shows associations between creativity anxiety and levels of state anxiety participants reported 
experiencing during creative performance. The darker green bars indicate zero-order Pearson’s correlations. The 
lighter green bars indicate partial correlations controlling for non-creativity anxiety control scores and general 
trait anxiety. Error bars represent 95% confidence intervals.
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exert additional effort on creativity tasks, the rationale for which comes from work on trait anxiety and  effort18) 
as opposed to the effort avoidance hypothesis (i.e., that those higher in creativity anxiety would avoid exerting 
effort during creativity tasks, evidence for which comes from work on math anxiety and proxies for  effort22). We 
do not observe a significant effect of creativity anxiety on the difference in effort ratings between the Analogy 
Finding Matrix task with and without the creativity cue (p > .05), suggesting that differential effort between the 
two tasks does not occur as a function of creativity anxiety.

The above analyses provide evidence that, for all of the tasks included in this work, creativity anxiety is pre-
dictive of state anxiety and/or effort participants reported during the task (though it was not predictive of differ-
ences in anxiety or effort between the uncued and creativity-cued Analogy Finding Matrix Task). Nevertheless, 
in Analysis 1 we found that creativity anxiety was only associated with some measures of creative performance. 
Next, we therefore planned to assess associations between both of the state-level measures we collected—anxi-
ety and effort—and performance on each of the tasks. When considering these associations, we also wished to 
provide the full context of other interrelations among creativity anxiety and performance, state anxiety, and effort 
associated with each task. These interrelations are displayed in Fig. 4, in which the matrices indicate correlations 
between all of these variables for each task.
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Figure 3.  Shows associations between creativity anxiety and levels of effort participants reported exerting 
during creative performance. The darker red bars indicate zero-order Pearson’s correlations. The lighter red bars 
indicate partial correlations controlling for non-creativity anxiety control scores and general trait anxiety. Error 
bars represent 95% confidence intervals.

Figure 4.  Shows zero-order Pearson’s correlations between creativity anxiety and performance, state anxiety, 
and effort associated with each creativity measure. The size and brightness of circles conveys the size of the 
association; associations that lack a circle are not significant.
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Results indicate inconsistent associations between measures of performance and state anxiety/effort associated 
with each task: state anxiety is significantly predictive of performance on the CRA and on the uncued Analogy 
Finding Matrix task, but not of any of the other performance variables. Effort, on the other hand, is predictive 
of AUT Originality and performance on the cued Analogy Finding Matrix task, but not the other tasks. We also 
found that the difference in effort participants expend between the uncued and cued Analogy Finding Matrix 
task is predictive of the difference in performance—the more people up their effort levels, the more they improve 
their performance.

An important goal of this study was to assess whether these state-level measures of anxiety and effort could 
explain any associations between creativity anxiety and creative performance. In terms of performance vari-
ables in this sample, we only observed significant associations between creativity anxiety and AUT Fluency. 
Neither state anxiety nor effort were predictive of AUT Fluency, however. As a result, even though creativity 
anxiety predicted heightened state anxiety associated with the AUT, state anxiety did not explain the association 
observed here between creativity anxiety and AUT Fluency—this association must therefore have occurred via 
alternate mechanisms.

To summarize findings from Analysis 2, we found that creativity anxiety was positively predictive of state 
anxiety and/or effort associated with each task. This result provides important evidence that creativity anxiety 
is, indeed, predictive of state-level factors associated with creative performance. We found inconsistent links, 
however, between these state-level factors and performance. This inconsistency may help to explain, in part, 
why creativity anxiety was weakly and varyingly predictive of creative performance—paths between creativity 
anxiety, state-level factors like anxiety and effort, and performance are complex. As a result, major mechanisms 
that we hypothesized would, in part, lead to associations between creativity anxiety and creative performance did 
not appear to operate in the simple explanatory ways we hypothesized in the context of the present paradigm. 
This may also help account for why the observed creativity anxiety-performance association we did find in this 
sample, that between creativity anxiety and AUT Fluency, was fairly weak: while there appears to be some other 
mechanism(s) giving rise to an association between creativity anxiety and the number of ideas people were able 
to generate, only nominal effects of state-level factors on performance were observed for this task.

Discussion
Past work has provided evidence that creativity anxiety is associated with reduced levels of real-world creative 
 achievement3,4, signifying that it may act as a barrier to the fulfillment of creative potential. Until now, however, 
whether creativity anxiety is associated with the ability to perform well on laboratory-based tasks measuring 
creative thinking, or with state levels of anxiety or effort during creative performance remained an open question. 
In the present work, we addressed this gap by testing whether creativity anxiety was predictive of multiple forms 
of creative cognitive performance. Results indicated that creativity anxiety was predictive of some forms of crea-
tive performance, such as AUT Fluency and the Analogy Finding Matrix task without a cue to be creative, but 
not other forms of creative performance, such as AUT Originality or the CRA, that we assessed here. Moreover, 
on tasks for which we did see significant associations between creativity anxiety and creative performance, the 
effect sizes of these associations were fairly small.

With regard to state levels of anxiety and effort during creative performance, we found that creativity anxiety 
was positively predictive of both anxiety and effort levels associated with creative tasks in most cases. How-
ever, while creativity anxiety generally predicted higher state anxiety and effort levels, these state-level factors 
themselves were only inconsistently associated with performance in the context of the present paradigm. This 
means that, in the context of the present work, those who were high in creativity anxiety often felt more anx-
ious in-the-moment when having to think creatively, expended greater effort during creative performance, but 
ultimately performed about the same as their less anxious peers on many creativity tasks. Interestingly, on tasks 
in which there was a ‘correct’ answer—such as the CRA and the uncued Analogy Matrix task, state anxiety did 
seem to diminish performance. This effect, however, seemed to lessen or disappear when participants were asked 
to think creatively on the Analogy Matrix task, suggesting that permission to ‘think outside the box’ might be 
a simple method through which effects of state anxiety on creative performance might be mitigated. Broadly, 
the present findings suggest complex associations among creativity anxiety, state-level factors associated with 
thinking creatively, and the quality of creative performance. In particular, they raise questions about whether 
or in what contexts state anxiety and effort levels might have an impact on creative performance. Below, we 
discuss the implications of these findings, the limitations of the present work, and directions for future research 
on creativity anxiety.

One of the primary questions that arises from the results of this work concerns why creativity anxiety might 
be predictive of some of the metrics of creative performance we collected, but not others. For instance, we found 
that creativity anxiety predicted Fluency on the AUT (i.e., the number of different ideas participants were able 
to generate), but not Originality (i.e., how unique those ideas were). Moreover, we found that creativity anxiety 
predicted performance on the uncued Analogy Finding Matrix task (when participants were not explicitly cued 
to be creative), but it did not predict either performance on the same task when a creativity cue was present or the 
change in performance between these tasks. Finally, we found no evidence that creativity anxiety was predictive 
of CRA performance. Why might creativity anxiety be predictive of performance on some creative performance 
tasks but not others? An initial explanation could have hinged on the idea that those who are high in creativity 
anxiety only experienced heightened state anxiety on some of the tasks. Our state-level data, however, show 
that this is not the case—creativity anxiety was predictive of state anxiety for all the tasks we collected (with the 
exception of the Analogy Finding Matrix task when not cued to be creative, likely resulting in many participants 
not viewing this task as “creative”; see further discussion of this point below). This means that even on tasks like 



10

Vol:.(1234567890)

Scientific Reports |        (2023) 13:17095  | https://doi.org/10.1038/s41598-023-39188-1

www.nature.com/scientificreports/

the CRA for which creativity anxiety was not predictive of performance, those who were higher in creativity 
anxiety still felt more anxious while completing the task.

One factor that could potentially explain why creativity anxiety predicted performance on some tasks but 
not others is the relevance of previous practice for task performance. In the math anxiety literature, one of the 
reasons why math anxiety is thought to be linked to poor math performance is that those who are math-anxious 
tend to avoid math when possible, thereby getting fewer opportunities to practice developing their math  skills19. 
Forthcoming work provides some initial indications that creativity anxiety is similarly associated with a tendency 
to avoid pursuits that are perceived as involving creative thinking (Daker et al., under review). These findings 
suggest that it is likely that those who are high in creativity anxiety have a tendency to avoid situations that 
would enable them to develop their creative abilities. It is possible that the measures used in the present work 
differ in how dependent they are on previous experience with the type of creative thinking they test. The ability 
to fluently generate ideas, measured by AUT Fluency, may be especially practice-dependent, and if those who 
are anxious about thinking creatively avoid situations in which they will need to generate ideas, they may get 
less practice with this skill and subsequently develop it to a lesser extent than those who are less anxious about 
creative thinking. Other metrics of creative performance, like the originality of generated ideas, or performance 
on the CRA, may be less reliant on past experience participants are likely to have had. Another possibility in 
which the causal direction is reversed is that those who know they struggle to generate new ideas are more likely 
to develop higher levels of creativity anxiety—evidence for this phenomenon can be found in the analogous 
math anxiety literature, where early poor math performance is predictive of later development of higher math 
anxiety  levels43. While future work would be needed to more fully understand precisely why creativity anxiety is 
associated with AUT Fluency, the present results suggest that further investigation into the link between fluent 
idea generation and creativity anxiety is worthwhile.

Considering the other performance measure of which creativity anxiety was predictive, a potentially illu-
minating finding from the present work was that, perhaps surprisingly, creativity anxiety was predictive of 
performance on the Analogy Finding Matrix task when there was no cue to be creative, but it was not predictive 
of performance on the same task when a cue to be creative was present. Why might this be? The most likely 
explanation, from our perspective, is that this discrepancy can be explained by the mindset with which partici-
pants are completing the uncued Analogy Finding Matrix task. To score highly on the Analogy Finding Matrix 
task, one must identify not only semantically proximate (less creative) analogies (e.g., “Kitten is to Cat as Puppy 
is to Dog”), but also multiple more semantically distant (creative) analogies (e.g., “Kitten is to Cat as Spark is to 
Fire”). The finding that creativity anxiety is predictive of performance on the Analogy Finding Task when there 
is no explicit indication that this task is a creativity task may reflect differences in how those who are high vs. 
low in creativity anxiety approach the task. Those who are high in creativity anxiety may approach this task with 
fairly low “state creativity”41—their mindset going into this may be to select only the analogies that are most 
straightforward rather than actively seeking creative possibilities when not instructed to do so. Those who are 
lower in creativity anxiety, however, may approach the task with higher state creativity, being inclined to actively 
seek out more creative combinations of ideas even when not explicitly prompted to do so. From this perspective, 
the uncued Analogy Finding Matrix task may provide an index of participants’ baseline state creativity, and this 
finding may suggest that when presented with open-ended situations, those who are higher in creativity anxiety 
are less likely to spontaneously think creatively than those who are lower in creativity anxiety. While those who 
are higher in creativity anxiety perform less creatively on this task when not explicitly prompted to be creative, a 
perhaps optimistic finding from this work is that when they are prompted to be creative, they are able to perform 
just as well as their less anxious peers. This pattern may suggest that, at least for some forms of creativity, those 
who are high in creativity anxiety possess the potential to perform well and that consciously adopting a creative 
mindset can help them reach their potential.

In addition to assessing associations between creativity anxiety and creative performance, a primary objec-
tive of this study was to investigate state-level dynamics of creative performance (state anxiety and effort) as a 
function of creativity anxiety. We found that high levels of creativity anxiety were associated with greater state 
anxiety for each task (with the exception of the Analogy Finding Matrix task when there was no cue to be crea-
tive after controlling for general trait anxiety and for non-creativity anxiety control scores, perhaps because 
participants did not perceive this task as “creative”), suggesting that those who are high in creativity anxiety 
do need to contend with higher state anxiety levels during creative performance. This evidence supports a key 
assumption in the creativity anxiety literature, namely that those who report higher levels of trait-level anxiety 
toward being creative will also report higher state-level anxiety associated with creative performance. Future 
work could follow up on this finding by assessing whether individual differences in emotion regulation processes 
moderate the link between trait-level creativity anxiety and state-level anxiety while engaging in creative think-
ing. It is possible that individuals that are high in creativity anxiety but that possess effective emotion regulation 
capacity can avoid feeling anxious in-the-moment when it is time to think creatively and that those with low 
emotion regulation capacity would feel especially anxious when faced with a need to be creative—we recently 
found that this was the case for those high in math  anxiety44, and similar dynamics might be at play for creativity 
anxiety as well. When we considered effort, we found that, for many tasks, creativity anxiety was significantly 
positively associated with reported effort during creative performance. Additionally, even for the tasks for which 
the association between creativity anxiety and effort was not significant, the association was still in the posi-
tive direction. While the strength of the results are somewhat varying, this pattern suggests that those who are 
higher in creativity anxiety are more likely to be trying harder during creative performance. This is in line with 
findings from the general anxiety literature that those who are high in trait anxiety expend more effort on cogni-
tive  tasks24, but differs from evidence in the math anxiety literature that those who are math-anxious choose to 
expend less effort on math  tasks22,23,45. Turning to implications for performance, interestingly, state anxiety and 
effort were only inconsistently associated with creative performance in the context of this study. While creativity 
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anxiety was often predictive of these state-level factors, it was never the case that both creativity anxiety and 
a state-level factor predicted performance on a task, a prerequisite for testing whether these state-level factors 
mediated the link between creativity anxiety and performance. These results help characterize the experience 
of creative performance for participants who were higher in creativity anxiety—they typically felt more anxious 
and expended additional effort during performance, but ultimately often performed just as well as those who 
were lower in creativity anxiety. They also suggest that, at least for the tasks collected here, associations between 
creativity anxiety and creative performance likely occur as a result of mechanisms other than state anxiety and 
effort (including the possible mechanisms discussed above). Future work could seek to understand whether 
there are differential effects of state anxiety and effort on creative performance for individuals who perceive the 
stress induced by creativity anxiety as more of a challenge or a threat, as past work has found that this is a key 
individual difference that determines outcomes under  stress46–52.

Importantly, while state-level anxiety and effort do not appear to consistently predict performance in the 
present work, the finding that creativity anxiety is associated with heightened state anxiety and effort levels during 
creative performance may still be consequential. People tend to avoid situations in which they will be  anxious53 
and situations in which they will have to expend high amounts of cognitive  effort54. These in-the-moment feelings 
of anxiety and having to try harder may therefore play a contributing role in avoidance of real-world creative 
pursuits by those high in creativity anxiety. This may also lead to less persistence when people do take on crea-
tive pursuits: regularly experiencing heightened anxiety and effortfulness as a part of academic courses or even 
careers that involve a great deal of creative thinking may lead individuals higher in creativity anxiety to drop out 
of these pursuits, even if they might otherwise enjoy them. Finding ways to reduce the anxiety and effortfulness 
that those high in creativity anxiety experience when they have to be creative, if done over time, may therefore 
result in a lower tendency to avoid or desist from pursuits that involve creative thinking.

The heightened state-level anxiety and effort that those high in creativity anxiety experience may have other 
important consequences as well. In the math anxiety literature, there is evidence that for math anxiety to impact 
cognitive performance, the working memory demands of the task need to be sufficiently high. The reason why 
state anxiety is thought to negatively impact math performance is that this anxiety coopts limited working 
memory resources that are necessary for successful  performance20,55, 56. If the working memory demands of a task 
are low, however, participants may have more than enough working memory resources to meet these demands 
even if anxiety is depleting some of these resources. Importantly, there continues to be disagreement over the 
extent of working memory demands associated with creative  performance57–59. It is therefore possible that the 
working memory demands of many of the tasks we employed were not sufficiently high to reach a point where in-
the-moment reductions in working memory capacity by state anxiety would interfere with performance. Relevant 
to this is that past meta-analytic work has found only small effects of state anxiety on creative  performance16. 
Another possibility is that in this online study overall anxiety levels may have been suppressed compared to, 
say, having to participate in a study in a more formal lab setting where an experimenter is present (for evidence 
suggesting greater anxiety for in-person assessment compared to online assessment, see Pirrone et al.60). If this 
were the case, it could be that the anxiety levels observed in this study simply were not great enough to disrupt 
working memory resources sufficiently to lead to performance deficits.

It seems quite likely that higher state anxiety and effort associated with creativity anxiety would represent a 
disadvantage in contexts that involve more demanding tasks, more competing demands on working memory 
resources, additional sources of stress/anxiety, and/or the need to sustain performance over extended periods 
of time. Any of these conditions would deplete the working memory resources available for task performance, 
and, importantly, any (or all) of these conditions is frequently encountered in real-world contexts where crea-
tive thinking is required. Take, for instance, a work meeting where employees need to pitch new ideas to their 
boss. In such a situation, one would need to (A) generate ideas, (B) evaluate whether each one is worth sharing, 
(C) overcome interference from hearing the ideas of others, (D) deal with the potential anxiety that might be 
inherent to a situation that involves being evaluated by both peers and someone in a position of authority, and 
(E) sustain all of this consistently throughout the whole meeting, and on a day-to-day basis in the context of a 
job that involves creative thinking. In real-world situations like these, where creative performance needs to occur 
in the context of many other taxes on cognitive resources, creative performance may be particularly likely to 
be affected by heightened anxiety levels or effortfulness that occur as a result of high levels of creativity anxiety. 
Indeed, consistent with this idea, past work has shown that creativity anxiety is negatively predictive of real-world 
creative  achievement3,4. Testing whether the state-level effects of creativity anxiety are more impactful on creative 
performance in demanding real-world situations, then, could be an important next step in better understanding 
other potential impacts of creativity anxiety on creative performance. Assessing links between creativity anxiety 
and real-world creative performance could be an especially worthwhile research direction, as poor real-world 
creative performance may, itself, lead to elevated creativity anxiety levels in the future (for evidence of under-
performance leading to future heightened cognition-specific anxiety levels, see Gunderson et al.43).

The present work had several limitations. First, as discussed, this initial investigation was limited to only a few 
types of creative performance using lab-based tasks—associations between creativity anxiety and other forms of 
creative performance should be investigated in the future, particularly those that measure ability within more 
real-world creative domains like creative writing or visual art. Additionally, our AUT measure included only one 
item (brick). While this is fairly common in the literature, future work could include other AUT items to get a 
more expanded measure of divergent idea generation ability and its relation with creativity anxiety. Second, all 
of the data collection in this work took place online, and effect sizes are often smaller in online  research33 than 
in-person data collection. We compensated for this with a large sample size, but it is possible that some of the 
effects we tested for require the additional feeling of being assessed that is provided by completing assessments 
in a lab as opposed to the comfort of one’s own home. For instance, state anxiety levels may have been higher if 
this work took place in a lab-based setting where assessment pressures were higher, and it is possible that this 
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would have reached a threshold at which impacts of state anxiety on performance would have been more evident. 
Third, while we believe our measure of the effortfulness of task performance was informative, it is still possible 
some responding on this measure was driven by demand characteristics (i.e., participants not wanting to report 
low effort levels, which could have been interpreted as disqualifying to receive compensation for the study). We 
did not observe ceiling effects on any of these effort measures, but it is still possible that demand characteristics 
drove some responding.

Conclusion
Recently, we have proposed that creativity anxiety, or anxiety toward creative thinking, can act as an affective 
barrier to the fulfillment of creative potential. Past work has found that creativity anxiety is predictive of measures 
of real-world creative achievement, providing initial evidence for this idea. In the present work, we extended this 
line of research by, for the first time, testing whether creativity anxiety is associated with poor creative cognitive 
performance on lab-based tasks. Results showed that creativity anxiety was weakly predictive of the number 
of unique ideas participants are able to generate (AUT Fluency) and of performance on a creative analogy task 
when the task was not explicitly framed as creative (Analogy Finding Matrix task without a creativity cue), but 
none of the other creative performance metrics we collected. This work therefore provides evidence that creativ-
ity anxiety is associated with creative performance, but, at least in the present context, not all forms of creative 
performance. However, creativity anxiety was found to generally be associated with increased state anxiety and 
effort reported during creative performance, suggesting that those higher in creativity anxiety may be more likely 
to underperform in situations where the creative tasks are more working memory-demanding or when there are 
external factors imposing additional cognitive load. It is our hope that this initial investigation into associations 
between creativity anxiety and creative performance will lay the groundwork for both future work that tests 
associations with other forms of creative performance, and also for intervention work to attempt to alleviate any 
negative effects of creativity anxiety on creative performance. Better understanding both any negative outcomes 
creativity anxiety predicts and, crucially, the mechanisms by which these associations are realized can allow us 
to most effectively help those who do not yet feel comfortable thinking creatively fulfill their creative potential.

Data availability
The data supporting this work can be found at: https:// osf. io/ ycxvn/? view_ only= 0ade9 e081c 8f431 0b123 eef2b 
4dfa7 b8.

Received: 27 December 2022; Accepted: 20 July 2023

References
 1. Forum, W. E. The future of jobs: Employment, skills and workforce strategy for the fourth industrial revolution. Global Challenge 

Insight Report (2016).
 2. Runco, M. A. & Jaeger, G. J. The standard definition of creativity. Creat. Res. J. 24, 92–96 (2012).
 3. Daker, R. J., Cortes, R. A., Lyons, I. M. & Green, A. E. Creativity anxiety: Evidence for anxiety that is specific to creative thinking, 

from STEM to the arts. J. Exp. Psychol. Gen. 149, 42 (2020).
 4. Ren, Z. et al. Connectome-based predictive modeling of creativity anxiety. Neuroimage 225, 117469 (2021).
 5. Carson, S. H., Peterson, J. B. & Higgins, D. M. Reliability, validity, and factor structure of the creative achievement questionnaire. 

Creat. Res. J. 17, 37–50 (2005).
 6. Jung, R. E. & Hunter, D. R. A call to more imaginative research into creative achievement. Creat. Res. J. https:// doi. org/ 10. 1080/ 

10400 419. 2022. 21430 94 (2022).
 7. Barroso, C. et al. A meta-analysis of the relation between math anxiety and math achievement. Psychol. Bull. 147, 134 (2021).
 8. Hembree, R. The nature, effects, and relief of mathematics anxiety. J. Res. Math. Educ. 21, 33 (1990).
 9. Ma, X. A meta-analysis of the relationship between anxiety toward mathematics and achievement in mathematics. J. Res. Math. 

Educ. 30, 520 (1999).
 10. Daker, R. J., Delage, V., Maloney, E. A. & Lyons, I. M. Testing the specificity of links between anxiety and performance within 

mathematics and spatial reasoning. Ann. N. Y. Acad. Sci. 1512(1), 174–191 (2022).
 11. Lyons, I. M. et al. Spatial anxiety: A novel questionnaire with subscales for measuring three aspects of spatial anxiety. J. Numer. 

Cogn. 4, 526–553 (2018).
 12. Ramirez, G. et al. Reading anxiety: An early affective impediment to children’s success in reading. J. Cogn. Dev. 20, 15–34 (2019).
 13. Onwuegbuzie, A. J., Bailey, P. & Daley, C. E. Factors associated with foreign language anxiety. Appl. Psycholinguist. 20, 217–239 

(1999).
 14. Daker, R. J., Slipenkyj, M. S., Green, A. E. & Lyons, I. M. Evidence for avoidance tendencies linked to anxiety about specific types 

of thinking. Sci. Rep. 13, 3294 (2023).
 15. Dowker, A., Sarkar, A. & Looi, C. Y. Mathematics anxiety: What have we learned in 60 years?. Front. Psychol. 7, 508 (2016).
 16. Byron, K. & Khazanchi, S. A meta-analytic investigation of the relationship of state and trait anxiety to performance on figural 

and verbal creative tasks. Pers. Soc. Psychol. Bull. 37, 269–283 (2011).
 17. Fales, C. L. et al. Altered emotional interference processing in affective and cognitive-control brain circuitry in major depression. 

Biol. Psychiatry 63, 377–384 (2008).
 18. Flaherty, A. W. Frontotemporal and dopaminergic control of idea generation and creative drive. J. Comp. Neurol. 493, 147–153 

(2005).
 19. Ashcraft, M. H. Math anxiety: Personal, educational, and cognitive consequences. Curr. Dir. Psychol. Sci. 11, 181–185 (2002).
 20. Maloney, E. A., Schaeffer, M. W. & Beilock, S. L. Mathematics anxiety and stereotype threat: shared mechanisms, negative conse-

quences and promising interventions. Res. Math. Educ. 15, 115–128 (2013).
 21. Ramirez, G., Shaw, S. T. & Maloney, E. A. Math anxiety: Past research, promising interventions, and a new interpretation frame-

work. Educ. Psychol. 53, 145–164 (2018).
 22. Ashcraft, M. H. & Faust, M. W. Mathematics anxiety and mental arithmetic performance: An exploratory investigation. Cogn. 

Emot. 8, 97–125 (1994).
 23. Choe, K. W., Jenifer, J. B., Rozek, C. S., Berman, M. G. & Beilock, S. L. Calculated avoidance: Math anxiety predicts math avoidance 

in effort-based decision-making. Sci. Adv. 5, eaay1062 (2019).

https://osf.io/ycxvn/?view_only=0ade9e081c8f4310b123eef2b4dfa7b8
https://osf.io/ycxvn/?view_only=0ade9e081c8f4310b123eef2b4dfa7b8
https://doi.org/10.1080/10400419.2022.2143094
https://doi.org/10.1080/10400419.2022.2143094


13

Vol.:(0123456789)

Scientific Reports |        (2023) 13:17095  | https://doi.org/10.1038/s41598-023-39188-1

www.nature.com/scientificreports/

 24. Eysenck, M. W., Derakshan, N., Santos, R. & Calvo, M. G. Anxiety and cognitive performance: Attentional control theory. Emotion 
7, 336–353 (2007).

 25. Guilford, J. P. The nature of human intelligence (McGraw-Hill, New York, 1967).
 26. Bowden, E. M. & Jung-Beeman, M. Normative data for 144 compound remote associate problems. Behav. Res. Methods Instrum. 

Comput. 35, 634–639 (2003).
 27. Mednick, S. The associative basis of the creative process. Psychol. Rev. 69, 220 (1962).
 28. Weinberger, A. B., Iyer, H. & Green, A. E. Conscious augmentation of creative state enhances “real” creativity in open-ended 

analogical reasoning. PLoS ONE 11, e0150773 (2016).
 29. Green, A. E., Kraemer, D. J., Fugelsang, J. A., Gray, J. R. & Dunbar, K. N. Connecting long distance: Semantic distance in analogical 

reasoning modulates frontopolar cortex activity. Cereb. Cortex 20, 70–76 (2010).
 30. Green, A. E., Kraemer, D. J., Fugelsang, J. A., Gray, J. R. & Dunbar, K. N. Neural correlates of creativity in analogical reasoning. J. 

Exp. Psychol. Learn. Mem. Cogn. 38, 264 (2012).
 31. Green, A. E. et al. Thinking cap plus thinking zap: tDCS of frontopolar cortex improves creative analogical reasoning and facilitates 

conscious augmentation of state creativity in verb generation. Cereb. Cortex 27, 2628–2639 (2017).
 32. Cortes, R. A., Weinberger, A. B., Daker, R. J. & Green, A. E. Re-examining prominent measures of divergent and convergent 

creativity. Curr. Opin. Behav. Sci. 27, 90–93 (2019).
 33. Anwyl-Irvine, A. L., Massonnié, J., Flitton, A., Kirkham, N. & Evershed, J. K. Gorilla in our midst: An online behavioral experiment 

builder. Behav. Res. Methods 52, 388–407 (2020).
 34. Daker, R. J. et al. Predictive effects of creative abilities and attitudes on performance in university-level computer science courses. 

Transl. Issues Psychol. Sci. 8, 104 (2022).
 35. Spielberger, C. D., Gorsuch, R. L., Lushene, R., Vagg, P. R. & Jacobs, G. A. Manual for the State-Trait Anxiety Inventory. (Palo Alto, 

CA: Consulting Psychologists Press, 1983).
 36. Beaty, R. E. & Johnson, D. R. Automating creativity assessment with SemDis: An open platform for computing semantic distance. 

Behav. Res. Methods 53, 757–780 (2021).
 37. Prabhakaran, R., Green, A. E. & Gray, J. R. Thin slices of creativity: Using single-word utterances to assess creative cognition. Behav. 

Res. Methods 46, 641–659 (2014).
 38. Raven, J. C. & Court, J. H. Raven’s Progressive Matrices and Vocabulary Scales Vol. 759 (Oxford pyschologists Press, 1998).
 39. Conlon, R. A., Hicks, A., Barroso, C. & Ganley, C. M. The effect of the timing of math anxiety measurement on math outcomes. 

Learn. Individ. Differ. 86, 101962 (2021).
 40. Hart, S. G. & Staveland, L. E. Development of NASA-TLX (Task Load Index): Results of empirical and theoretical research. In 

Advances in Psychology Vol. 52 139–183 (Elsevier, 1988). https:// doi. org/ 10. 1016/ S0166- 4115(08) 62386-9.
 41. Green, A. E. Creativity, within reason semantic distance and dynamic state creativity in relational thinking and reasoning. Curr. 

Dir. Psychol. Sci. 25, 28–35 (2016).
 42. Daker, R. J., Gattas, S. U., Sokolowski, H. M., Green, A. E. & Lyons, I. M. First-year students’ math anxiety predicts STEM avoid-

ance and underperformance throughout university, independently of math ability. Npj Sci. Learn. 6, 1–13 (2021).
 43. Gunderson, E. A., Park, D., Maloney, E. A., Beilock, S. L. & Levine, S. C. Reciprocal relations among motivational frameworks, 

math anxiety, and math achievement in early elementary school. J. Cogn. Dev. 19, 21–46 (2018).
 44. Daker, R. J., Gattas, S. U., Necka, E. A., Green, A. E. & Lyons, I. M. Does anxiety explain why math-anxious people underperform 

in math?. Npj Sci. Learn. 8, 6 (2023).
 45. Faust, M. W., Ashcraft, M. H. & Fleck, D. E. Mathematics anxiety effects in simple and complex addition. Math. Cogn. 2, 25–62 

(1996).
 46. Alexander, J. K., Hillier, A., Smith, R. M., Tivarus, M. E. & Beversdorf, D. Q. Beta-adrenergic modulation of cognitive flexibility 

during stress. J. Cogn. Neurosci. 19, 468–478 (2007).
 47. Byron, K., Khazanchi, S. & Nazarian, D. The relationship between stressors and creativity: A meta-analysis examining competing 

theoretical models. J. Appl. Psychol. 95, 201–212 (2010).
 48. Deci, E. L. & Ryan, R. M. The" what" and" why" of goal pursuits: Human needs and the self-determination of behavior. Psychol. 

Inq. 11, 227–268 (2000).
 49. Deci, E. & Ryan, R. Intrinsic Motivation the Corsini Encyclopedia of Psychology (Wiley, 2010). https:// doi. org/ 10. 1002/ 97804 70479 

216. corps y0467.
 50. LePine, J. A., LePine, M. A. & Jackson, C. L. Challenge and hindrance stress: Relationships with exhaustion, motivation to learn, 

and learning performance. J. Appl. Psychol. 89, 883 (2004).
 51. Plessow, F., Fischer, R., Kirschbaum, C. & Goschke, T. Inflexibly focused under stress: Acute psychosocial stress increases shield-

ing of action goals at the expense of reduced cognitive flexibility with increasing time lag to the stressor. J. Cogn. Neurosci. 23, 
3218–3227 (2011).

 52. Zhou, J. & Shalley, C. E. Research on employee creativity: A critical review and directions for future research. Res. Pers. Hum. 
Resour. Manag. 22, 165–217 (2003).

 53. Zorowitz, S., Momennejad, I. & Daw, N. D. Anxiety, avoidance, and sequential evaluation. Comput. Psychiatry Camb. Mass https:// 
doi. org/ 10. 1162/ CPSY_a_ 00026 (2020).

 54. Patzelt, E. H., Kool, W., Millner, A. J. & Gershman, S. J. The transdiagnostic structure of mental effort avoidance. Sci. Rep. 9, 1–10 
(2019).

 55. Ashcraft, M. H. & Kirk, E. P. The relationships among working memory, math anxiety, and performance. J. Exp. Psychol. Gen. 130, 
224–237 (2001).

 56. Ashcraft, M. H. & Krause, J. A. Working memory, math performance, and math anxiety. Psychon. Bull. Rev. 14, 243–248 (2007).
 57. Chrysikou, E. G. Creativity in and out of (cognitive) control. Curr. Opin. Behav. Sci. 27, 94–99 (2019).
 58. Redifer, J. L., Bae, C. L. & DeBusk-Lane, M. Implicit theories, working memory, and cognitive load: impacts on creative thinking. 

SAGE Open 9, 2158244019835919 (2019).
 59. Smeekens, B. A. & Kane, M. J. Working memory capacity, mind wandering, and creative cognition: An individual-differences 

investigation into the benefits of controlled versus spontaneous thought. Psychol. Aesthet. Creat. Arts 10, 389 (2016).
 60. Pirrone, C., Di Corrado, D., Privitera, A., Castellano, S. & Varrasi, S. Students’ mathematics anxiety at distance and in-person 

learning conditions during COVID-19 pandemic: Are there any differences? An exploratory study. Educ. Sci. 12, 379 (2022).

Acknowledgements
This work was supported by National Science Foundation grants to A.E.G. (EHR-1920682; EHR-1661065).

Author contributions
R.D.: study design, data collection, analysis plan development, data analysis, data visualization, writing, revision. 
IV: study design, data collection, revision. G.P.: study design, data collection, revision. G.C.: study design, data 
collection, revision. I.L.: study design, revision, supervision. A.G.: funding, study design, analysis plan develop-
ment, revision, supervision.

https://doi.org/10.1016/S0166-4115(08)62386-9
https://doi.org/10.1002/9780470479216.corpsy0467
https://doi.org/10.1002/9780470479216.corpsy0467
https://doi.org/10.1162/CPSY_a_00026
https://doi.org/10.1162/CPSY_a_00026


14

Vol:.(1234567890)

Scientific Reports |        (2023) 13:17095  | https://doi.org/10.1038/s41598-023-39188-1

www.nature.com/scientificreports/

Competing interests 
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to R.J.D.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2023

www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Investigating links between creativity anxiety, creative performance, and state-level anxiety and effort during creative thinking
	Methods
	Participants
	Procedure
	Measures
	Survey measures
	Creativity anxiety scale. 
	Trait component of the state-trait anxiety inventory. 

	Cognitive Performance Measures
	Alternative Uses Task. 
	Compound remote associates. 
	Analogy finding matrix task. 
	Raven’s advanced progressive matrices. 

	State-level measures of anxiety and subjective effort


	Results
	Analysis 1: Testing associations between creativity anxiety and measures of creative performance
	Analysis 2: State-level correlates of creativity anxiety and creative performance

	Discussion
	Conclusion
	References
	Acknowledgements


