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This study investigates the relationship between surprise and creative ideation through four preregistered
experiments (total N= 964). In Experiments 1a (N= 117) and 1b (N= 143), participants viewed images
of objects with differing levels of congruence with the environmental context using stimuli from the
Scene Grammar (SCEGRAM) database, then completed an Alternative Uses Task for those objects.
Experiment 2 (N= 316) replicated these findings using the ObjAct stimulus set, which depicted humans
manipulating congruent versus incongruent objects. Experiment 3 (N= 388) controlled for order effects
and stimulus believability using a reduced stimulus set. While the experimental manipulations successfully
elicited different levels of reported surprise, this did not translate to increased originality in uses for the
objects. Across all experiments, there was no significant relationship between ratings of surprise and the
originality of ideas produced. The findings suggest that simple schema disruption or expectancy violation
is not sufficient to enhance creative thinking, at least in the context of an online experimental task.
Potential explanations for the null effect have implications for wider theories of surprise, including the dis-
tinction between assessing something as surprising (cognitive surprise) versus feeling surprise (affective
surprise), the role of agency and personal significance in surprise experiences, and the possibility that sur-
prise may play a smaller role in creative tasks than theorized.

Keywords: surprise, creativity, originality, inspiration, Alternative Uses Task

How a new thought is generated is a key question for research in
higher level cognitive processes (Green et al., 2023). When pre-
sented with a challenge that requires a novel solution, the human
agent’s first reaction will often be to draw on prior experience
(Gilhooly et al., 2007; Mednick, 1962). While this is an important
part of creative ideation, there is some evidence that prior experience
may block the generation of truly novel ideas. Famously, Ward
showed that when asked to generate ideas for aliens, people stayed

remarkably close to a humanoid form, with bilateral symmetry, sen-
sory receptors, and limb-like appendages (Ward, 1994). Creativity
requires moving beyond what is already known to address new pos-
sibilities that are not simply reproductions of prior experience
(Corazza, 2023; Ohlsson, 2011). To do this, people can generate
new ideas through internal processes (Benedek et al., 2018) or
they can encounter new situations that seed novel possibilities
(Hanchett Hanson, 2023). These new situations are often described
as being surprising; however, the empirical evidence for a direct link
between surprise and creative ideation remains limited and inconsis-
tent. We present an empirical investigation into whether a surprising
stimulus—specifically, an object placed in an incongruent visual
context—can increase the originality of ideas people generate
about it.

Moments of external triggers for inspiration seem particularly
important to scientific discovery, where experiments can reveal
something unexpected and have been theorized as the explanation
for breakthrough thinking (Perkins, 2001). Scientists are exhorted
to find ways to allow themselves to be open to being surprised,
and surprise is even lauded as an epistemic virtue (Currie, 2018;
French & Murphy, 2023). Philosophical discussion on the value
of surprise to discovery filters through to folk ideas of the importance
of being open to being surprised by the unexpected as a way of com-
ing up with a new idea. Such views are often referenced in online
advice (Brito, 2021; Brunelle, 2021), accompanied by activities
designed to induce surprise or break routines as ways to overcome
these cognitive constraints and foster more flexible, original thinking
(see, e.g., the guide to leadership, Williams, 2015). It is therefore
important that the ongoing folk assumptions about the relationship
between surprise and creativity are investigated.
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The Relationship Between Surprise and Ideation

Surprise plays a crucial role in interrupting ongoing mental pro-
cesses, effectively halting current trains of thought and redirecting
attentional resources toward the unexpected event. There are two
potential cognitive mechanisms underlying the relationship between
having an original thought and experiencing surprise. The traditional
view is that the feeling of surprise is valuable because it indicates the
disruption of existing mental schemas and the reorientation of atten-
tion (Meyer et al., 1991). As Boden (2004, p. 41) wrote, “to be sur-
prised is to find that some of one’s previous expectations do not fit
the case.” From this perspective, the effect of surprise is closely
related to breaking free from prior conceptions and constraints.
This understanding of surprise aligns with research that suggests
that a broadened attentional ability toward seemingly irrelevant
information, if processed during idea generation, leads to more orig-
inal ideas (Agnoli et al., 2015; Mastria et al., 2022). It also aligns
with the understanding that the feeling of insight (of which surprise
is hypothesized to be a major component; Danek et al., 2014) reflects
a rapid cognitive restructuring (Danek et al., 2020). In other words,
the value of a surprising event is that it introduces novelty into the
cognitive system (Ross, 2024; Ross & Arfini, 2023).
While these views of surprise as a reaction to schema discrepancy

or rapid restructuring address the initial perceptual unexpectedness
that occurs prior to experiencing surprise, recent theories have
placed a greater emphasis on the “sense-making” aspects of a sur-
prising event, that is, the resolution of the doubt that a surprising
event has caused. This recalls the role of surprise in creative thinking
first put forward by the pragmatist philosopher Peirce (Gonzalez &
Haselager, 2005).Munnich et al. (2019) reflected this shift from sim-
ple perceptual schema disruption to sense-making when they sug-
gest that there are two different ways the term “to be surprised” is
commonly used—the first relating to an event which was not
expected and the second relating to an event which cannot be
explained. To draw from Boden (2004, p. 42) again,

here this type of creativity is concerned, we have to do with expectations
not about probabilities, but about possibilities. In such cases, our sur-
prise at the creative idea recognizes that the world has turned out differ-
ently not just from the way we thought it would, but even from the way
we thought it could.

In other words, existing schemas cannot incorporate what is seen by
the human agent, so these need to be updated. Sense-making theo-
ries argue that surprise has value less because of its association
with schema disruption and more because of the cognitive processes
required to find an explanation for the event’s occurrence (Foster &
Keane, 2019; Munnich et al., 2019). From this perspective, simple
perceptual disruption would not be enough to generate downstream
benefits.
Alongside these cognitive explanations is a third reason why

experiencing surprise may increase originality: Its relationship
with affect. In contrast to the cognitive explanations of schema dis-
ruption or sensemaking, affective surprise pertains to the feeling that
arises upon encountering something unexpected. The valence of
affective surprise, whether it is perceived as positive, negative, or
neutral, is a subject of ongoing debate within the academic commu-
nity (Neta & Kim, 2023; Ortony, 2022; Ortony & Russell, 2024).
However, it is clear that surprise can be emotionally arousing
(Noordewier et al., 2016). It is possible that neither expectancy

disruption nor sensemaking causes an increase in originality but
rather the feelings that follow the momentary experience of surprise.
While the evidence is inconclusive, there is an overall positive rela-
tionship between positive affect and originality (Baas et al., 2008),
especially between the forms of activating motivation that are likely
to be associated with surprise (Sundquist & Lubart, 2022). Indeed,
Filipowicz (2006) found that surprise was a mediator of the relation-
ship between originality and positive affect when participants were
primed with humorous videos prior to undertaking a creative task,
suggesting that the positive experience associated with surprise
may explain any increase in originality found after a surprising
event.

Therefore, there are three theoretically robust explanations as to
why encountering surprising information in the form of an unex-
pected intrusion should increase creative ideation: (a) it disrupts
existing schemas and directly seeds original ideas; (b) it orients peo-
ple to creating meaning out of what they have seen and, in so doing,
new thoughts are generated; and (c) it generates a feeling of positive
and arousing affect. All three predict a positive relationship between
encountering a surprising event and generating original thoughts.

While it is often assumed that surprise feeds creativity, and there
are plausible theoretical accounts of the relationship between sur-
prise and creativity, direct empirical evidence for the role of surprise
in creativity remains scarce. This makes it hard to adjudicate
between the different positions. Where empirical research exists, it
is often intertwined with other factors, making it difficult to isolate
its true effects. This isolation is important if we are to model the spe-
cific role of surprise in creative thinking or understand which of the
three mechanisms is most important. For example, there is a rich
literature on the relationship between diversifying experiences and
creativity (Damian, 2025). Much like a surprise, a diversifying expe-
rience disrupts people’s expectations by exposing them to something
that modifies their existing models and generates new categories,
resulting in more creative thinking. For example, when people
were invited to an underwater disco, they were more likely than con-
trols to generate original ideas in a subsequent divergent thinking
task (Richardson et al., 2022). Similarly, manipulated “impossible”
experiences are closely related to originality and flexibility in subse-
quent creativity tasks (Wiseman &Watt, 2022). As an illustration of
this, Ritter et al. (2012) exposed participants to unexpected sche-
matic violations which violated laws of physics (a suitcase that
decreased in size as you approached it, a perception of walking faster
than possible and witnessing a bottle flying in the air rather than off a
table). This led to increased flexibility in the categories of responses
to a follow-up unrelated Alternative Uses Task, although the origi-
nality of the ideas was not reported.

However, diversifying or impossible experiences capture some-
thing more complex than just a feeling of surprise. Such experiences
are more likely to be emotionally arousing and include powerful
emotions such as awe (Chirico et al., 2018, 2020), and they are
more likely to require sensemaking activities to update prior under-
standing. In addition, they do not represent a sharp yet transient dis-
ruption in the same way that a surprising event does. So, even if
surprise may be one aspect of their effects, they do not allow
those effects to be clearly isolated. In order to fully understand the
relationship between these two complex phenomena (surprise and
creativity), we need a more precise approach that can allow us to
explore separately the explanatory mechanisms. For instance, to
test the assumption that schema disruption is important, we need
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to isolate the proposed mechanisms for investigation. This is the
main research question that drives this article.
Although Ritter et al. (2012) found increased flexibility of

responses when violating the expected order of a typical process
(preparing a traditional Dutch breakfast), other research has found
that such small-scale schema discrepancy did not affect subsequent
creativity. For example, research on encountering something random
(in this case, Wikipedia pages), which required no sensemaking and
had no affective component prior to being asked to take part in a
divergent thinking task, did not increase the originality of the subse-
quent ideas (Malthouse et al., 2022). In addition, not all people use
seemingly irrelevant information from the environment to inspire
ideas in divergent thinking tasks or as hints in creative problem
solving (Agnoli et al., 2015; Chronicle et al., 2001; Ross &
Vallée-Tourangeau, 2022). This suggests that the relationship
between experiencing surprise and subsequent creative thinking
might be less straightforward than expected.

Surprise and Divergent Thinking

Divergent thinking is a core process in creative ideation. In diver-
gent thinking tasks, participants are invited to generate several crea-
tive different ideas for the same object. If experiencing surprise
seeds novel ideas, then it should be reflected in the originality of
the generated ideas. This hypothesis is most commonly tested
using the Alternative Uses Task (AUT; Guildford & Hoepfner,
1971), a test of divergent thinking that requires participants to gen-
erate alternative and original uses for an everyday object. In the stud-
ies reviewed above, each measure of originality was taken for after
participants were primed with an experience that disrupted their
existing schema in one area, however they were asked to generate
uses for an object in another domain. Thus, results from these studies
may be caused by the ongoing process of sensemaking or by an
affective response rather than the direct seeding of ideas through per-
ceptual disruption.
To the best of our knowledge, no research has tested the core pre-

diction of the current study: Experiencing surprise about an object
should increase the subsequent originality of uses involving that
object. To isolate the effect of schema disruption, we presented
incongruent objects in visually familiar scenes, then assessed
whether this local violation sparks more original ideas about these
same objects. This task allows us to investigate if simple schema dis-
ruption is enough to break fixation and seed a novel thought or
whether the relationship between surprise and a new thought is
more complicated than this. The simplicity of the task supports its
role as a method for eliciting surprise, which is divorced from
other potential mechanisms.

The Current Study

We report four preregistered studies (total N= 964) that sought to
investigate empirically the theoretical link between creative cognition
and surprise, operationalized as schema disruption. We specifically
focused on the surprise associated withmanipulations of the semantic
congruency of an object, that is, how much it belongs to a scene
(Öhlschläger & Võ, 2017) to isolate the effects of schema disruption
and investigate its role in ideation. We subsequently invited partici-
pants to take part in a traditional divergent thinking task (the AUT;
Guildford & Hoepfner, 1971; Reiter-Palmon et al., 2019). This

paradigm assesses idea generation by asking participants to generate
as many ideas as they can for an everyday object and then scoring
those uses for originality. Thus, we could investigate the direct effect
of schema disruption on original ideas for the surprising object
postdisruption.

We progressively tested a series of preregistered hypotheses.
These hypotheses initially assumed a positive relationship between
surprise and originality in line with the predictions of a schema dis-
ruption explanation of surprise. Experiment 1a used images showing
an object both in and out of place and measured both how surprising
participants found the object and the subsequent originality of the
uses generated for the object. Experiment 1b was an internal replica-
tion of this study. Experiment 2 replicated Experiment 1 with a dif-
ferent set of stimuli, which investigated the effect of a surprising use
for the object rather than just its placement. Experiment 3 replicates
the findings of Experiment 2 but also ensured to control for both the
priming effect of order of conditions and the believability of the pic-
ture. Through these four experiments, we explored in experimentally
controlled conditions whether the surprise associated with different
forms of norm violations can affect creative performance.

Experiment 1a

Method

Participants

A power calculation for the main hypothesis of interest—that is,
that originality score can be predicted by the rated surprise—was
conducted using GLIMMPSE (Kreidler et al., 2013), suggesting a
total sample size of 90 participants to detect a small effect with a
power of 0.82. Given the likely attrition rate, 120 participants were
recruited from Prolific.co over three linked sessions. They were
paid an overall fee of £9 on completion of Session 3. One hundred
and seventeen participants completed all three sessions and were
included in the analysis; 58 were men with an average age of
41.31 years (SD= 12.51), 55 were women with an average age of
40.15 (SD= 11.19), three preferred not to say (Mage= 45.00,
SD= 11.19) and one was nonbinary (age= 37).

Materials

Experiment Stimuli. The experimental trials consisted of
images taken from the Scene Grammar (SCEGRAM; Öhlschläger
& Võ, 2017) database of images of everyday objects placed in dif-
ferent levels of congruity with their environment. Öhlschläger and
Võ suggest that there is a logic that guides our expectations of
how to view a scene. They call this logic, a grammar. This grammar
consists of both semantic and syntactic expectations, with the addi-
tion of possible and impossible positions. For example, in the control
condition (CON), a mug is shown in the kitchen and in the tradition-
ally expected position (e.g., on the kitchen sideboard). In the seman-
tic violation (SEM) condition, the object is incongruent for the
setting (e.g., an umbrella in a bathroom), but it is in a position that
makes sense (e.g., folded next to the toilet; a semantic violation).
In the syntactic violation (SYN) condition, the object belongs in
the room but is put in a location, which is unexpected but physically
possible (e.g., the mug on a chair and a syntactic violation). In the
semantic and syntactic violation (SEMSYN) condition, the object
breaks both syntactic and semantic expectations (e.g., an umbrella
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on the toilet in the bathroom). In the extreme syntactic violation
(EXSYN) condition, a semantically consistent object experiences
an extreme syntactic dislocation, in other words, in an impossible
position but in the expected room (e.g., a mug floating in midair
in the kitchen). Finally, the extreme semantic and syntactic violation
(EXSEMSYN) condition breaks the semantic expectations and pre-
sents an extreme syntactic dislocation (e.g., a bicycle helmet floating
in the air in the kitchen).
We selected this stimulus set (with the six conditions) as it allowed

us to investigate schema violation in a graduated manner. Our primary
interest was in the effect of seeing novel object–scene combination,
and because the effect may be affected by the stimulus variation,
we explicitly addressed that in the analyses and stimulus selection.

Measures of Originality. The outcome variable for this exper-
iment was the level of originality of the responses to an AUT. For
each trial, the image of the object1 was presented embedded in the
scene (see Figure 1), but the image was removed when the partici-
pant was invited to generate ideas for the object. The participants
were given 90 s to complete the task using the prompt,

Can you come up with original and creative uses for the [OBJECT]. You
can enter as many ideas as you like in 90 SECONDS. Creative quality is
more important than quantity. It’s better to have a few really good ideas
than a lot of uncreative ones.

They were prompted to press [ENTER] after each idea. The
responses were subsequently hand checked by Wendy Ross, and
those responses separated by a comma, full stop, or semicolon
were treated as individual responses.
We preregistered twoways of assessing originality. First, we assessed

semantic distance between the object and the response using the SemDis
(Beaty & Johnson, 2020) open scoring platform. We also assessed the
originality ideas by using the Open Creativity Scoring with AI
(OCSAI; Organisciak et al., 2023), which has a correlation of .8 with
human raters. Both SemDis and OCSAI gave the same outcomes, and
so, for reasons of space, we report only the OCSAI. All other results
can be found as well as the additional online materials at https://osf.io/
4n8tc/?view_only=5f82eebeeac347b6a084f28a0356109a.2

Design and Procedure

The experiment was presented online using PsychoPy (Peirce et al.,
2019) for the experimental trials, and participants were redirected to
Qualtrics for the measures of individual differences. Demographic
information collection and condition allocation were conducted using
Vespr3 , which works with PsychoPy’s online version (Pavlovia) to
counterbalance groups. The trials were presented in three sessions
of six trials (one for each condition), followed by the measures of indi-
vidual differences. Participants were told on recruitment that they
must complete all three sessions to receive their reward. They were
also told to leave a minimum of 1 hr and a maximum of 24 hr between
sessions. This was to avoid participant fatigue.
Each trial consisted of an image taken from the SCEGRAM data-

base. Participants were prompted to locate the object and press any
key on location (the time spent for the location was recorded). Once
they had pressed a key, the following three questions appeared: (a)
How surprising do you find the object’s location (b) How interesting
do you find the object in that location object? (c) How useful do you
find the object in this location? These questions were answered on a

slider from 1 to 10, with 0 marked as not at all and 10 marked as very
(see Figure 1).

On the following screen, participants were asked to come up with
original and creative uses for the object in 90 s. A timer in the top
right-hand corner displayed the time to the end of the trial. At the
end of six trials, participants were directed to Qualtrics for the mea-
sures of individual differences.

The design was a fully within-participants design with each par-
ticipant experiencing all 18 trials. Each participant saw 18 different
objects across three blocks, and the objects varied systematically
across six dimensions. The object and their coherence were counter-
balanced, and no participant saw the same object more than once.

Preregistered Hypotheses

The preregistration of these hypotheses can be found here at https://
osf.io/qwxb5/?view_only=6da4cc13dcd64901b8740bc62111fa3a.

Hypothesis 1 (H1): Subjective ratings of surprisewill increase as
the congruency of the object decreases. We predict CON,
SEM, SYN, SEMSYN, EXSYN, EXSEMSYN.

Hypothesis 2 (H2): Subjective ratings of usefulness will
decrease as the congruency of the object decreases. We predict
CON. SEM. SYN. SEMSYN. EXSYN. EXSEMSYN.

Hypothesis 3 (H3): The more surprising the object, the longer it
will take to locate.

Hypothesis 4 (H4): Ideas generated for the object will be more
creative the more surprising the object placement.

Hypothesis 5 (H5): Ideas generated for the object will be less
creative the more useful the object appears.

Hypothesis 6 (H6): Ideas generated for the object will be more
creative the longer it takes to find it.

Results

All statistical analyses were conducted using R. The analysis was
conducted using lme4 (Bates et al., 2015) at the level of single
response to the AUT task with participant, stimuli, and block
coded as random factors and trial number nested within participant
and block.4 To better understand the relationship between

1 Objects were taken from this list: lamp, bowl, hanger, glove, soap, com-
puter mouse, cake pan, toilet brush, strainer, egg carton, paper moulds, tooth-
paste, card game, CD, plate, cheese grater, phone, oven mitt, vase, pot lid,
toast, watercolour, rolling pin, washing up liquid, clock, umbrella, DVD
cover, hat, helmet, hairband, and dish soap.

2 Measures of individual differences: We preregistered exploratory analysis of
four different individual difference scales (the Interpersonal Reactivity Index,
Davis, 1983; the Need for Cognition Short Scale 6, Lins de Holanda Coelho
et al., 2020; the Revised Personality Inventory Personality Scale, Costa &
McCrae, 2008; and the Sussex Cognitive Styles, Mealor et al., 2016), which
we theorized may have a relationship with originality and surprise. There were
no significant relationships between these and measures of surprise or originality
(SEMDIS or OCSAI) and the results of this analysis can be found at https://osf.io/
4n8tc/?view_only=5f82eebeeac347b6a084f28a0356109a.

3 https://moryscarter.com/vespr/portal/.
4 The random effect structure was coded in lmer using the following syn-

tax: (1|ID)+ (1|item)+ (1|ID/trialN)+ (1|expt)+ (1|expt/trialN).
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categorical predictors and outcomes, the mixed models were con-
verted to either analyses of variance (ANOVA) or deviance.

Exclusions

Upon visual examination of the scatter plot, a number of outliers
for response time were identified, which led to spurious correlations.
The range of response times was from less than 1 to 1,616.08 s. A
decision was made to exclude all trials where the response time
was over 120 s. This led to the exclusion of 295 responses (4% of
the total) and left 7,118 uses for analysis. The analysis of the full
data set without exclusions can be found at https://osf.io/4n8tc/?
view_only=5f82eebeeac347b6a084f28a0356109a.

Experimental Manipulation

Self-Reports of Reactions to the Objects. We first assessed
whether our experimental manipulation had worked, and the differ-
ent object placements had evoked different responses in our partic-
ipants. The average responses across experimental conditions on the
three items—surprisingness, usefulness, and interestingness—are
reported in Table 1.

H1: Subjective Ratings of Surprise Will Increase as the
Congruency of the Object Decreases: We Predicted That
CON, SEM, SYN, SEMSYN, EXSYN, EXSEMSYN.
The ANOVA suggests that the main effect of experimental condition

is statistically significant and large, F(5)= 996.39, p, .001,
ɳp
2= .48, 95% confidence interval (CI) [0.46, 1.00]. Post hoc tests

show that our hypothesis was not fully supported; there were signifi-
cant differences between all conditions (pBonf, .001) except
between SEM and SEMSYN (pBonf= .083). The direction of the
change was different from that hypothesized—semantic violations
were rated as more surprising than syntactic violations. The final
order of feelings of surprise was CON, SYN, EXSYN,
SEM, SEMSYN, EXSEMSYN.

H2: Subjective Ratings of Usefulness Will Decrease as
the Congruency of the Object Decreases: We Predict CON.
SEM . SYN . SEMSYN .EXSYN . EXSEMSYN. The
ANOVA suggests that the main effect of condition is statistically sig-
nificant and large, F(5)= 856.38, p, .001, ɳp

2= .41, 95% CI [0.39,
1.00]. Post hoc tests show that our hypothesis was not fully sup-
ported, and the direction of effect was not as predicted. There
were significant differences between all conditions (highest
pBonf= .004) except between EXSYN and SYN (pBonf. .999).
Syntactic violations appeared to still be seen as relatively useful.
The final order of ratings of usefulness was CON. SYN.
EXSYN. SEM. SEMSYN. EXSEMSYN.

Interestingness. We also measured interestingness, but we pre-
registered no particular prediction. The ANOVA suggests that the
main effect of condition is statistically significant and large,

Figure 1
Object Presentation and Self-Report Scales

Note. SCEGRAM= Scene Grammar. See the online article for the color version of this figure.
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F(5)= 293.93, p, .001, ɳp
2= .34, 95% CI [0.32, 1.00]. Post hoc

tests showed that there were significant differences between all con-
ditions (highest pBonf= .047) except between EXSYN and SEM
(pBonf. .999). The final order of how interesting the object was
as CON, SYN, SEM, EXSYN, SEMSYN, EXSEMSYN.

Behavioral Measures. We checked whether participant sur-
prise could be triangulated with objective behavioral measures,
namely, latency to find the object. The relationship is illustrated in
Figure 2. We hypothesized that the longer it took to notice an object,
the more surprising it would be rated.

H3: The More Surprising the Object, the Longer It Will Take
to Locate. We fitted a linear mixed model to predict surprise with
response time.Within this model, response time is a statistically non-
significant and negative predictor of surprise, b=−0.01, 95% CI
[−0.02, ,0.001], t(7240)=−3.10, p= .002, β=−.03, 95% CI
[−0.05,−0.01]. Our hypothesis was not supported—the significant
effect was in the opposite direction. However, on inspection of the
scatterplot in Figure 2, we suggest that this result should be treated
with caution given the heteroscedasticity of the data.

Relationship With Originality

We next assessed the differences in originality across the six
groups using OCSAI (see Table 2).
The ANOVA suggests that the main effect of condition is statisti-

cally not significant and very small, F(5)= 0.97, p= .433, ɳp
2, .01,

95% CI [0.00, 1.00].

H4: Ideas Generated for the ObjectWill BeMore Creative the
More Surprising the Object Placement. The relationship
between levels of surprise and originality is illustrated in Panel A
of Figure 3. We fitted a linear mixed model, which suggested that
the surprise is a statistically nonsignificant predictor of originality,
marginal R2, .001, b=,0.001, 95% CI [0.00, 0.01], t(7240)=
0.70, p= .486, β=,.001, 95% CI [−0.02, 0.03].

H5: Ideas Generated for the Object Will Be Less Creative the
More Useful the Object Appears. The relationship between lev-
els of perceived usefulness and originality is illustrated in Panel B of
Figure 3. Linear mixed models were used to examine the effects of
perceived usefulness on originality and semantic distance. The
results indicate that perceived usefulness is a statistically nonsignif-
icant predictor of originality, marginal R2=,.001, b=,0.001,
95% CI [−0.01, 0.01], t(7240)= 0.08, p= .935, β=,.001, 95%
CI [−0.03, 0.03]).

Interestingness. We also measured the interestingness of the
object, but we did not preregister a hypothesis. The relationship is illus-
trated in Panel C of Figure 3. Linear mixed models suggest that per-
ceived interestingness is a statistically nonsignificant predictor of
originality, marginal R2, .001, b,−0.001, 95% CI [−0.009,
0.005], t(7240)=−0.57, p= .569, β,−.001, 95%CI [−0.03, 0.02].

Discussion

The data show that we successfully manipulated levels of the
reported surprisingness of an object across experimental conditions.
The level of incongruency was related to the surprise ratings, albeit
not always in the predicted direction. Despite the success of these
manipulations, there was no difference in the originality between con-
ditions, and surprise was not significantly related to originality across
the conditions. In addition, neither the perceived usefulness of the
object nor the interest it elicited was significantly related to originality.
It seems likely, therefore, that simply manipulating the participants’
expectancies did not lead to increased originality of response.

The wide range of response times, however, indicates a potential
methodological issue. Participants were invited to press a button
when they saw the target object, but there was no way of verifying
that they had found the object. In addition, if the measure was a
true measure of searching time, then a searching time of 120 s is
likely to have led to cognitive fatigue. In addition, 18 similarly struc-
tured trials are likely to lead to boredom, although we included trials
as nested factors in our analysis; a reduction in trials would ensure
that the null effect was not down to cognitive fatigue. Finally,
each response was hand checked by Wendy Ross, and on reading
them, it was observed that many were anchored within the scene pic-
tured. There is some evidence that presenting objects in scenes
reduces overall originality levels (George et al., 2023) compared
to presenting simply the word, and this may be contributing to a
floor effect across conditions. To mitigate for this last issue, we
added in a further study the following line to the instructions:
“The uses can be any you can think of. You do not have to think
of uses for the object in the location pictured. Let your imagination
run wild!”

Experiment 1b

In Experiment 1b, we aimed to replicate the findings from
Experiment 1a. To ensure that participants were not fatigued, we
reduced the number of conditions down to two—the congruent
(CON) and the extremely incongruent (EXSEMSYN) conditions,
and therefore could replicate the number of trials (three in each con-
dition) in one block. Second, we refined the procedure so that partic-
ipants were required to click on the object rather than press a button

Table 1
Average (Standard Deviation) Response for Usefulness, Surprise, and Interestingness as a Function of Condition

Measure CON SEM SYN SEMSYN EXSYN EXSEMSYN

Surprising 1.65 (1.41) 7.41 (2.34) 4.32 (2.87) 7.67 (2.41) 6.06 (3.10) 8.80 (1.67)
Usefulness 8.76 (1.75) 2.91 (2.09) 5.92 (2.78) 2.53 (1.76) 5.77 (3.12) 2.23 (1.67)
Interesting 2.29 (1.63) 4.69 (2.58) 3.44 (2.28) 5.08 (2.69) 4.75 (2.87) 5.51 (2.92)

Note. Values are expressed as mean (standard deviation). CON= control condition; SEM= semantic violation condition; SYN= syntactic violation
condition; SEMSYN= semantic and syntactic violation condition; EXSYN= extreme syntactic violation condition; EXSEMSYN= extreme semantic and
syntactic violation condition.
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when they found it. Third, we introduced a button to allow partici-
pants to skip a trial after 20 s when they had not been able to find
the object to better account for cognitive load and to ensure that
response times are accurate.

Method

Participants

We recruited 150 participants from Prolific.co, and data were
saved for 143 participants; 73 participants were men (Mage=
37.19, SD= 13.28), 68 were women (Mage= 38.01, SD= 14.47),
and two preferred not to say (Mage= 37, SD= 4.24).

Procedure and Design

The procedure was identical to Experiment 1a except for the dif-
ferences outlined above: (a) a reduction in conditions and trials, (b)
requiring participants to select the object when they found it, (c) the
additional prompt to think beyond the picture, and (d) the chance to
move on after 20 s.

Preregistered Hypotheses

The preregistration for these hypotheses can be found at https://osf
.io/gpsrb/?view_only=a90fa405a8a24044be9d68b426774a68.

Hypothesis 1 (H1): Participants will be more surprised in the
extremely incongruent condition than in the congruent condition.

Hypothesis 2 (H2): Originality as measured by OCSAI will not
be predicted by surprise, usefulness, or interestingness.

Results and Discussion

In line with the preregistration, we excluded all trials where the
response time was over 30 s. This removed 14 ideas from the data
set, leaving us with 2,930 data points.

H1: Participants Will Be More Surprised in the Extreme
Condition

We replicated the findings from Experiment 1. Self-reported rat-
ings of surprise were higher in the extreme condition (M= 8.52,
SD= 1.72) than in the control condition (M= 1.72, SD= 1.23).
This difference was significant, F(1)= 3,401.79, p, .001, ɳp

2=
1.00, 95% CI [0.99, 1.00].

H2: Originality as Measured by OCSAI Will Not Be
Predicted by Surprise, Usefulness, or Interestingness

We replicated the findings from Experiment 1. Originality was
broadly similar across both conditions. In the congruent condition,

Figure 2
The Relationship Between Surprise and Time Taken to Locate the Object

Note. See the online article for the color version of this figure.

Table 2
Average (Standard Deviation) Originality of Items as a Function of Condition

Measure CON SEM SYN SEMSYN EXSYN EXSEMSYN

Originality 2.74 (0.72) 2.77 (0.72) 2.74 (0.75) 2.76 (0.72) 2.76 (0.72) 2.72 (0.74)

Note. Values are expressed as mean (standard deviation). CON= control condition; SEM= semantic violation condition; SYN= syntactic violation
condition; SEMSYN= semantic and syntactic violation condition; EXSYN= extreme syntactic violation condition; EXSEMSYN= extreme semantic and
syntactic violation condition.
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it averaged 2.65 (SD= 0.76), while in the extreme condition, it aver-
aged 2.66 (SD= 0.77). The ANOVA suggests that the main effect of
condition is statistically not significant, F(1)= 0.34, p= .558,
ɳp
2, .001, 95% CI [0.00, 1.00].
We fitted a linear mixed model (estimated using REML and nlopt-

wrap optimizer) to predict originality with surprise, interestingness,
and usefulness. The model’s explanatory power related to the fixed
effects alone (marginal R2) is ,.001. Surprise is a statistically non-
significant predictor of originality, b, 0.001, 95% CI [−0.02,
0.01], t(2921)=−0.55, p= .582, β=−.02, 95% CI [−0.10,
0.05]. Interestingness is a statistically nonsignificant predictor of
originality, b, 0.001, 95% CI [−0.01 0.02], t(2921)= 0.71,
p= .476, β= .02, 95%CI [−0.03, 0.07]. Usefulness is a statistically
nonsignificant predictor of originality, b, 0.001, 95% CI [−0.02,
0.01], t(2921)=−0.76, p= .448, β=−.02, 95% CI [−0.09, 0.04].
We therefore replicated the main effects of Experiment 1a.

Experiment 2

The findings from Experiment 1a suggest that while our experimen-
tal manipulation worked—we successfully elicited a feeling of surprise
in participants—this did not affect originality levels. We replicated this
effect in Experiment 1b giving us some confidence that presenting par-
ticipants with objects in a situation that they find surprising is not
enough to inspire more creative ideas about those objects.

The scenes in Experiment 1 were static scenes with the object out
of place. The surprise elicited in Experiment 1 came from an incon-
gruency in the placement of the object, but incongruencies can also
arise from the unusual manipulation of an object by a human. In
Experiment 2, we aimed to further investigate the unexpected find-
ings that simple perceptual surprise does not support creative idea-
tion on a similar stimulus set—the ObjAct stimulus set (Shir et al.,
2021). The ObjAct stimulus set presents a series of still pictures
where humans are manipulating either a congruent or an incongruent
object. For example, a woman can be seen either playing 10-pin
bowls with a bowling ball or a cabbage or a child can be seen eating
an ice cream or a light bulb.

In addition, it may be that people will rate objects as less surpris-
ing after several trials, because they become habituated, dampening
down the effect of surprise on originality, and so we also preregis-
tered an analysis of the hypotheses in (a) the overall data set and
(b) just on the first trial.

Method

Participants

We recruited 320 participants to take part. Three hundred sixteen
participants completed the study. One hundred fifty-eight were men
with an average age of 40.83 (SD= 14.97), 155werewomenwith an

Figure 3
Relationship Between Originality and the Outcome Measures

Note. Relationship between originality and (A) surprise, (B) usefulness, and (C) interestingness. See the online article for the color version of this figure.
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average age of 42.57 (SD= 13.80), one was nonbinary (age= 22),
one preferred not to say (age= 48), and one identified another
way (age= 50). We recruited a larger number of participants than
in Experiments 1a and 1b to allow for between-subject analysis of
the first trial as in the preregistration.

Materials and Measures

We selected three congruent and three matching incongruent stim-
uli (six stimuli in total) at random from the ObjACT database.

Procedure and Design

The procedure was identical to Experiment 1 except for the differ-
ence in stimulus set. All participants took part in all six trials.

Preregistered Hypotheses

The preregistration for these hypotheses can be found at https://osf
.io/h67yx/?view_only=2681d7fae97a4679aee78de44bcd1bcf.

Hypothesis 1 (H1): Participants will be more surprised in the
incongruent condition.

Hypothesis 2 (H2): Originality as measured by OCSAI will not
be predicted by surprise, usefulness, or interestingness.

Results

H1: Participants Will Be More Surprised in the
Incongruent Condition

Full Set of Trials. The average reported surprise was 1.46
(SD= 1.25) in the congruent condition, whereas it was 8.52
(SD= 2.02) in the incongruent condition. The ANOVA suggests
that the main effect of condition is statistically significant and
large, F(1)= 322.23, p, .001, ɳp

2= .97, 95% CI [0.92, 1.00].

First Trial. Again, for the first trial, in the congruent condition,
surprise was 1.27 (SD= 0.67), while in the incongruent condition,
it was 7.73 (SD= 2.49). The ANOVA suggests that the main effect
of condition is statistically significant and large, F(1)= 2,426.59,
p, .001, ɳp

2= 0.71, 95% CI [0.69, 1.00].

H2: Originality as Measured by OCSAI Will Not Be
Predicted by Surprise, Usefulness, or Interestingness

Full Set of Trials. We next assessed if originality as measured
by OCSAI differed between the two conditions. Originality in the
congruent condition was lower (M= 2.47, SD= 0.69) than in the
incongruent condition (M= 2.68, SD= 0.70). This difference is
statistically not significant and small, F(1)= 0.39, p= .548,
ηp
2= .04, 95% CI [0.00, 1.00].
We fitted a linear mixed model (estimated using REML and nlopt-

wrap optimizer) to predict originality with surprise, usefulness, and
interestingness. The model included ID, item, and trial number as
random effects.5 Within this model, surprise is a statistically nonsig-
nificant predictor of originality, b, 0.001, 95% CI [0.00, 0.02],
t(7133)= 1.23, p= .218, β= .04, 95% CI [−0.02, 0.10], interest-
ingness is a statistically nonsignificant predictor of originality,
β=−.002, 95% CI [−0.01, 0.01], t(7133)=−0.53, p= .596;

β,−.001, 95% CI [−0.04, 0.02]. However, usefulness is a statisti-
cally significant predictor of originality, b= 0.01, 95% CI [0.00,
0.02], t(7133)= 2.38, p= .017, β= .05, 95% CI [0.00, 0.09].
Given the other findings, we suggest that this last significant relation-
ship should be treated with caution.

First Trial. We fitted a linear mixed model on the first trial;
within this model surprise is a statistically nonsignificant predictor
of originality, b= 4.29e−03, 95% CI [−0.02, 0.03], t(1395)=
0.31, p= .754, β= .02, 95% CI [−0.11, 0.16], interestingness is a
statistically nonsignificant predictor of originality, b=−0.01,
95% CI [−0.04, 0.01], t(1395)=−0.91, p= .363, β=−.04, 95%
CI [−0.14, 0.05], and usefulness is a statistically nonsignificant pre-
dictor of originality, b=−0.004, 95% CI [−0.02, 0.02], t(1395)=
−0.41, p= .680, β=−.02, 95% CI [−0.12, 0.08].

Discussion

As in Experiment 1, while the different conditions elicited reliably
different levels of surprise, they did not differ in terms of the origi-
nality of uses that participants could generate. This means that even
when the objects are in motion—when someone is doing something
with them—surprising placements do not act as an inspiration.

The analysis of the first trial showed a lower reported surprise in
the first trial than in subsequent ones, which was unexpected. Since
the presentation order of the stimuli was randomized, we could not
exclude that this result could be influenced by the type of stimulus
seen at the first trial (incongruent vs. congruent). However, we
could hypothesize that the participants who experience a congruent
first trial could be more surprised when they then experienced an
incongruent one, which would act as a contrast class. We therefore
designed Experiment 3 to test this hypothesis.

Experiment 3

Experiment 2 supported the findings from Experiment 1 that
higher levels of surprise emerging from schema violation did not
elicit originality. When we analyzed the data from the first trial, it
seemed counterintuitive that the surprise levels overall were lower.
This could be a potential confound, so we designed the final exper-
iment to take account of any possible priming effects. In addition, it
is possible for a participant to be surprised without this eliciting a
clear schema violation about the object—therefore not “true” sur-
prise. This is more likely with images that can be surprising without
being believable. We therefore assessed whether participants
believed in the stimulus rather than assuming it was either photo-
shopped or generated through methods of artificial intelligence.

Method

We aimed to replicate the findings using the same stimulus set as
Experiment 2. The experimental procedure was broadly similar aside
from the following changes. To fully reduce fatigue, only two trials
were presented, and these were divided into four orders: congruent fol-
lowed by incongruent, congruent followed by incongruent, incongru-
ent followed by congruent and incongruent followed by incongruent.
This allowed us to assess if surprisingness was higher following a

5 Formula: (�1 | prolific,�1 | item,�1 | trials.thisN:prolific,�1 | prolific).
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control condition. We also asked participants if they thought the photo
depicted a real event prior to asking for creative ideas.

Participants

We again recruited to be able to assess the between-subject effect
of order. In addition, recruitment for this study was also tied to
recruitment for a separate, unrelated study. We therefore recruited
400 participants, and data were retained for 388. There were 194
men (Mage= 40.71, SD= 13.45) and 189 women (Mage= 40.90,
SD= 13.69). Three people identified as nonbinary (Mage= 31.33,
SD= 5.69), one identified another way (aged 65), and one preferred
not to disclose (aged 28).

Materials

We used the same stimulus set as Experiment 2, but rather than
random selection of images, two members of the research team
rated each of the incongruent stimuli for believability, operational-
ized as how much they believed the image was real. The final stimuli
were randomly selected from those deemed most believable by the
research team and consisted of a small child in a crowd eating an
ice cream (congruent) and a lightbulb (incongruent) and a different
child on a beach digging next to a bucket (congruent) and a large
cake (incongruent)

Preregistered Hypotheses

The preregistration for these hypotheses can be found at https://osf
.io/2d4h9/?view_only=6558258720654317bc45fd225743ccc3.

Hypothesis 1 (H1): There is a priming effect of surprise so that
participants primed on a nonsurprising image will experience
higher levels of surprise than those primed on a control condition.

Hypothesis 2 (H2):A believable image will generate higher lev-
els of originality when featured in a follow-up AUT task.

Results

Again, we analyzed the results at the level of individual answers to
the AUT. We had 1,783 valid answers in the congruent conditions
and 1,628 answers in the incongruent condition.

Manipulation Check

The average ratings in each condition are presented in Table 3. An
ANOVA suggests that for surprise, the main effect of condition is
statistically significant and large, F(1)= 429.36, p= .002, ηp

2=
1.00, 95% CI [0.92, 1.00]. For interestingness, the main effect of
condition is statistically significant and large, F(1)= 337.50,

p= .002, ηp
2= .99, 95% CI [0.90, 1.00], and for usefulness the

main effect of condition is also statistically significant and large,
F(1)= 429.36, p= .002, ηp

2= 1.00, 95% CI [0.92, 1.00]. We are
therefore confident that, as in previous experiments, a robust differ-
ence between our conditions has been found.

Order Effects on Surprise

H1: There Is a Priming Effect of Surprise so That Participants
Primed on a Nonsurprising ImageWill Experience Higher Levels
of Surprise Than Those Primed on a Control Condition. We
also tested for order effects on the surprisingness of the objects.
To do this, we created four experimental groups: congruent to con-
gruent, congruent to incongruent, incongruent to congruent, and
incongruent to incongruent. At Time 2, surprise was higher in the
two incongruent conditions than in the congruent conditions, as dis-
played in Table 4.

To test H1, we were particularly interested in the difference
between the two incongruent conditions. If participants were
primed to expect a neutral image after seeing a first, then we
would expect an increase in surprise when the incongruent condi-
tion follows the congruent condition. The ANOVA suggests that
the main effect of group is statistically not significant, F(1)=
0.01, p= .914, ηp

2, .001, 95% CI [0.00, 1.00]. H1 was not sup-
ported. People were not more surprised if they had been primed
on a congruent condition.

Relationship With Originality

Again, the average originality level of ideas was broadly similar
across conditions. For the congruent condition, originality was
slightly lower at 2.51 (SD= 0.77), and for the incongruent condition,
it was 2.56 (SD= 0.74). The main effect of condition is statistically
not significant, F(1)= 1.16, p= .391, ηp

2= .36, 95% CI [0.00, 1.00].
We fitted a linear mixed model to assess whether surprisingness,

interestingness, and usefulness predict originality. The model’s total
explanatory power is moderate (conditional R2= .21). Within this
model, surprisingness is a statistically nonsignificant predictor of
originality, b= 0.004, 95% CI [−0.010, 0.020], t(3404)= 0.53,
p= .597, β= .02, 95% CI [−0.06, 0.10], interestingness is a statisti-
cally nonsignificant predictor of originality, b= 0.002, 95% CI
[−0.01, 0.02], t(3404)= 0.24, p= .807, β= .007, 95% CI
[−0.05, 0.06], and usefulness is a statistically nonsignificant predic-
tor of originality, b=−0.005, 95% CI [−0.02, 0.01], t(3404)=
−0.70, p= .483, β=−.02, 95% CI [−0.01, 0.04].

Believability

We also assessed in this experiment whether people found the
image believable. As might be expected, 79% of people found the

Table 3
Average (Standard Deviation) Response for Usefulness, Surprise,
and Interestingness as a Function of Condition

Measure Congruent Incongruent

Usefulness 6.87 (2.89) 2.46 (1.92)
Surprisingness 1.72 (1.69) 8.16 (2.41)
Interestingness 2.86 (1.95) 6.12 (2.50)

Table 4
Average (Standard Deviation) Surprise as a Function of First Trial
and Condition

Time 1 condition

Time 2 condition

Congruent Incongruent

Congruent 1.50 (1.49) 8.42 (2.40)
Incongruent 1.59 (1.22) 8.38 (1.61)
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congruent image believable, while only 14% of the incongruent con-
dition did. The average originality of items for each of these group-
ings is shown in Table 5.
The ANOVA suggests that the main effect of condition is statistically

not significant, F(1)= 1.04, p= .409, ηp
2= .33, 95% CI [0.00, 1.00].

The main effect of belief is statistically not significant, F(1)= 0.39,
p= .531, ηp

2, .001, 95% CI [0.00, 1.00]; the interaction between con-
dition and belief is statistically not significant, F(1)= 1.99, p= .159,
ηp
2= 7.50e−04, 95% CI [0.00, 1.00]. H2 was not upheld.

Discussion

We replicated the findings from Experiments 1 and 2.
Participants’ ratings of surprisingness of object placement, interest-
ingness, and usefulness reliably differed between conditions. Again,
this did not have an effect on the originality of ideas for what to do
with the object. We also found no evidence of a priming effect, sug-
gesting that participants’ ratings of surprise remained stable across
conditions. Finally, believing or not in the pictured use of the object
did not seem to affect originality.

General Discussion

Over the course of four separate experiments, wemanipulated par-
ticipants’ ratings of the surprisingness of the object placement, the
usefulness of the object, and how interesting it was. Objects in unex-
pected placements were seen as more surprising than those placed in
a way congruent with expectations. We can therefore be confident
that this experimental manipulation is robust. However, this disrup-
tion of expectations had no downstream effect on the originality of
the ideas for that object. Contrary to the folk conception of the rela-
tionship between surprise and creativity, it seems likely that simple
schema disruption is not enough to generate originality of ideas. If
there is a relationship between surprise and creative performance,
then schema disruption cannot be the sole explanation.

Implications

There is a long folk association between surprise and being
inspired to generate original ideas. Our data suggest that this claim
needs to be treated with caution. We have established that simple
perceptual schema disruption is not enough to see a significant
increase in the originality of ideas for the disrupted object. We suc-
cessfully manipulated whether participants found an object surpris-
ing across each of the four experiments. Moreover, this high level of
surprise was also associated with increased interest in the objects.
However, we did not see the hypothesized relationship between sur-
prise and originality of ideas.
Arguably, the manipulation elicited a “perception” of surprise

(i.e., a recognition that an unexpected event had occurred) rather
than “a ‘feeling’ of surprise (i.e., an emotional reaction to that

event).”6 The persistence of the surprisingness ratings across several
trials and the lack of an effect of priming suggest that, while partic-
ipants could identify a surprising event, this could be disentangled
from feeling surprised or from an increase of emotional arousal asso-
ciated with the emotion of surprise. It seems unlikely that partici-
pants would continue to be surprised over the course of 16 trials.
This suggests that current conceptions of surprise need to be
updated: It is an open question whether one can assess a situation
as surprising without feeling surprise or without being sufficiently
activated by the situation to induce variations in the creative thinking
processes. The results from this study suggest that cognitive surprise
(recognizing something is surprising) should be treated as separate
from affective surprise (the feeling of surprise).

Second, the current studies suggest that schema disruption is not
enough to account for the increase in originality noted in theoretical,
empirical, and folk accounts of the relationship between surprise and
originality. Surprise does not work simply by seeding new ideas
about what an object can do. We also tested in Experiment 3 how
much participants were affected by the believability of the object
placement. The data here suggest that even when an impossible sit-
uation is believed by a participant, it has no effect on their subse-
quent creativity, confirming that schema updating does not have
an effect on the originality of ideas. Thus, while a perceptual disrup-
tion is necessary for surprise by definition, our data show that it is not
sufficient to have a significant impact on the originality of ideas for
that object. If there is a relationship between surprise and creativity,
it appears that other aspects need to also be present. This has impli-
cations for theories of serendipity in scientific discovery (e.g., Ross,
2024) and interventions to increase creative thinking in both educa-
tional and organizational settings.

Limitations and Future Directions

There are other potential explanations for a relationship between
surprise and creative ideation that were not investigated in this
study. The experimental paradigm we used did not allow the partici-
pants to have agency over the surprising observation. Theories that
discuss the importance of surprise to understanding human creativity
emphasize that humans are novelty-seeking by nature (see, e.g., Clark,
2018; Gallagher, 2022). Here, we did not exploit this aspect of human
nature by allowing discovery. It is the case that objects that were more
surprising were considered more interesting than those that were not,
suggesting that surprise still has an epistemic value; however, perhaps
what it lackedwas personal significance or the possibility to engage in
further embodied exploration. Wohl (2022, p. 7) reports that “artists
feel excitement when they are surprised by material results and feel
that these results are relevant to their creative visions, they feel ambiv-
alence when they are surprised bymaterial results but are unclear as to
the relevance to their creative visions.” For surprise to have an effect, it
is possible that it has to be meaningful. This echoes the findings from
Ritter et al. (2012) that cognitive flexibility was only enhanced in sit-
uations where there was an active engagement with the schema viola-
tions through virtual reality. This would also lend support to theories
that surprise has an effect because the human agent is motivated
to find an explanation for the unexpected data point. Future

Table 5
Average (Standard Deviation) Originality as a Function of
Believability and Congruence

Measure Congruent Incongruent

Believable 2.50 (0.76) 2.50 (0.78)
Unbelievable 2.53 (0.76) 2.58 (0.70)

6We would like to thank one of the reviewers of this article for this valu-
able observation.
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investigations in the relationship between surprise and creativity
should now focus on the role of a motivating affective response.
This would link it more closely to existing findings associating crea-
tivity with unusual or impossible experiences.
The current paradigm also did not allow us to investigate whether

the process of meaning-making (presumably sparked by the mean-
ingfulness of the surprising observation) and schema updating
is an important aspect in the relationship between surprise and cre-
ativity. When scientists report that they have made discoveries pre-
cipitated by a surprising and theoretically unexpected event, it is
the updating of the theories that is considered to be the creative
act. This is a broader implication than the simple disruption of per-
ceptual schemas; originality in this sense would require not coming
up with alternative uses for the object but plausible explanations for
why the object was placed as it was. For example, Csikszentmihalyi
(1996) tells the story of Vera Rubin’s discovery of the galaxy rota-
tion problem, which came when she was playing with overlapping
pictures. The overlap was unexpected and surprising, but the recog-
nition of the importance came from many years’ attunement to typ-
ical patterns that allowed her to identify nontypical ones and also
provided her with the skills to update the existing models. It is this
metacognitive surprise that may drive creativity, particularly in the
scientific domain. Such serendipitous findings are driven not only
by the surprising observation but by the interpretation of that obser-
vation by a domain expert (Arfini & Costa, 2025; Ross, 2024;
Yaqub, 2018).
In a related limitation, the use of a divergent thinking task limited

the findings to the moment of initial idea generation. It is established
that surprise is an important marker of what ideas are considered cre-
ative and may underlie the audience’s assessment of creativity
(Becattini et al., 2017). It may also be that the ideas that are generated
by a surprising event may be more likely to elicit a feeling of surprise
in the audience. Similarly, creativity consists of more than ideation.
It may be that ideas which are generated by surprise also generate
positive affect and metacognitive markers of confidence, which
may make them something that would be more likely to be followed
up. This would align with theories that suggest the “Aha” feeling
functions as a metacognitive marker highlighting the value of an
idea (Laukkonen et al., 2022). Future research could assess if the
feeling of surprise prior to generating an idea leads participants to
value the idea more than an idea with a similar level of originality.
Finally, the current set of experiments took place online. An

increasing amount of psychological research is taking place online
(Tomczak et al., 2023), but it is currently unclear whether data col-
lected in this way should be considered as isomorphic to data col-
lected in the laboratory. The benefits of a large and diverse
participant pool who are more likely to be naïve to the hypotheses
than psychology undergraduates may be offset by the requirements
for focus in this task. If the effect of a surprising event requires
immersion in the situation, then it is likely that the environment
would need to be more controlled. It is worth noting that the cogni-
tive cost of pursuing a surprising event may mean that in low-value
situations like a psychological experiment, any effects may be min-
imal. This interpretation of the data, that human agents are surprise
averse in this kind of artificial situations, supports the argument put
forward by Ormerod (2023) that people tend to generate fewer pos-
sibilities than one might expect. It is unclear whether this cost is par-
ticularly salient for online studies or if it would be relevant in the
laboratory as well. Similarly, it is possible that the online context

cues a habituated response to the incongruous pictures because
they are often encountered in this space, although again, it is unclear
whether this habituation would also occur in an offline context as
well. Future explorations of the effects that emerged in the present
work should use a more ecological approach to test these questions.
Even if we adopted highly controlled experimental conditions, we
would suggest immersing participants in more realistic situations
through the use, for instance, of virtual reality or by creating ad
hoc environments with several schema disruptions in object disposi-
tion or use. Under these conditions, we could assume that surprise
could be felt by participants as less artificial, and a higher arousal
level could emerge in these situations. It is also likely that these sit-
uations would be more meaningful for participants.

Conclusion

Taken together, the current set of experiments establishes that sim-
ple schema discrepancy does not appear to be sufficient to trigger orig-
inal uses for objects. This then establishes a methodological and
theoretical baseline for future inquiry. These findings challenge
assumptions about the relationship between surprise and creativity
that permeate popular understanding. The data suggest that the folk
wisdom linking surprise to creative inspiration may be overly simplis-
tic, at least when surprise is conceived of as basic schema violations.

Given the existing theoretical assumptions about the relationship
between surprise and creativity, we suggest that this is taken as a base-
line for future research in this area. Future investigations should focus
on identifying the specific conditions under which surprise does facil-
itate creativity, potentially emphasizing the roles of agency, meaning-
fulness, embodied exploration, and genuine affective engagement in
transforming surprising encounters into creative insights.
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