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ABSTRACT

Human cognition involves two distinct processes: intuition and deliberation.
While deliberation requires significant cognitive effort and is often resource-in-
tensive, intuition occurs effortlessly. A key challenge for reasoning theories is
to identify the triggers for deliberation. Some compelling theories suggest that
deliberative processes are activated by a metacognitive experience of uncer-
tainty; however, they struggle to incorporate findings that connect emotion
with cognition. To assess the role of emotions in the transition from intuition
to deliberation, we utilised problems designed to elicit such metacognitive
experiences and measured emotional responses using a doubt scale, where
doubt is defined as a negative valence emotional response resulting from dis-
continuous or incoherent situations. Study 1 aimed to examine the relationship
between cognitive conflict and the emotional response of doubt. Study 2
explored the connection between doubt and deliberation through a two-re-
sponse paradigm, where participants provided an initial response under time
pressure and then gave a final response after deliberation. Our findings
demonstrated that cognitive conflict is appraised as negative and triggers an
emotional response of doubt, and that doubt is associated with increased
engagement in deliberation.
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Introduction

A prominent theoretical framework in psychology suggests that human
reasoning operates through two distinct systems: intuition and deliberation
(Epstein, 1994; Evans, 2006; James, 1890; Kahneman, 2003; Sloman, 1996;
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Stanovich & West, 2000). Intuition represents a rapid and instinctive form
of reasoning, whereas deliberation embodies a deep and analytical mode,
which requires substantial cognitive resources. While deliberation has tra-
ditionally been posited as a mechanism used to produce responses that
are consistent with logico-mathematical principles, through the rectification
of illogical heuristic-based intuitions, recent observations challenge this
notion and suggest that intuitions can be logically sound (Bago & De
Neys, 2019; Raoelison et al., 2020; Thompson et al., 2018). Consequently,
the prevailing model that often portrays intuitions as flawed, biased, or
irrational may need reconsideration. Intuitions may serve as a proficient
problem-solving tool (Gigerenzer & Todd, 1999) and, more importantly,
they may follow logico-mathematical rules and be qualified as ‘fully
rational’

Despite this recent re-evaluation of the role of intuitions in human
thinking (De Neys, 2022), it is clear that intuitive reasoning has limita-
tions. For example, it may not be systematic (i.e., intuitions may not
always come to mind), it may not be fast enough (and therefore seem
uncertain), or it may not be unique (such that several intuitions associ-
ated with different responses compete with each other). In all these
cases, intuitive reasoning appears to have failed, necessitating the inter-
vention of deliberation (Ackerman & Thompson, 2017; De Neys &
Pennycook, 2019; De Neys, 2022).

However, in order to explain why people would use deliberation at all,
models must explain why individuals frequently seek to avoid it (David
et al,, 2024; Stanovich, 2011). Although it may appear reasonable to con-
clude that a failure in problem-solving should prompt a shift in strategy,
from intuition to deliberation, one may nevertheless wonder why a failure
of intuition should bother us at all. We might be more efficient by simply
taking the first intuition that comes to mind or choosing an intuition at
random when several compete. Knowing that the logical validity of intu-
itions is not a reliable criterion for predicting which one an individual will
choose (Frederick, 2005; Kahneman et al.,, 1982; Wason, 1968; Wason &
Evans, 1974), we would save precious cognitive resources and react much
more quickly to our environment. Arguably, a distal explanation for why
we may call upon deliberation even if it is costly lies in evolution. Not
caring at all about our mistakes would make us very poor candidates for
survival. However, the proximal explanation, namely, how this evolutionary
advantage is instantiated in the organism, remains unexplained. While
several models attempt to describe the mechanism underlying the switch
from intuition to deliberation (De Neys, 2022; De Neys & Glumicic, 2008;
Pennycook et al.,, 2015; Thompson et al., 2011), these models often fail to
fully address the emotional component of the switch, an element that we
believe is a fruitful and relevant way of addressing the problem of moti-
vation to use an unpleasant and aversive process such as deliberation
(David et al., 2024).
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In fact, in order to explain why the organism would make use of delib-
eration despite its striving to avoid it as much as possible, we recently
proposed that the trigger for deliberative reasoning originates in an emo-
tional and embodied state of negative valence, reminiscent of the feelings
of anxiety, surprise, or confusion (Cortial et al., 2025). We called this emo-
tional manifestation “doubt”, following the footsteps of pragmatist philos-
ophers John Dewey and Charles S. Peirce (Dewey, 1910; Peirce, 1877).
Doubt is a negative emotion caused by something appraised as a disrup-
tion of an individual’s automatic interaction with the environment. In the
present paper, we use doubt as an umbrella term that encompasses a
subset of related emotions which all share the same negative valence,
originate from a discrepant or disturbed situation, and have been shown
to promote deliberation (i.e., surprise has been shown to drive people to
use more costly cognitive processes: Meyer et al., 1991; Muis et al., 2015;
Pezzo, 2003; Topolinski & Strack, 2015; confusion promotes learning: Craig
et al,, 2004; D'Mello & Graesser, 2014; VanLehn et al.,, 2003; Vogl et al,,
2019, 2020; and anxiety motivates deeper thinking: Vazard, 2021, 2022).

Our proposal is generally rooted in the Appraisal Theory of Emotion
(Moors et al., 2013; Scherer & Moors, 2019). According to this theoretical
framework, emotions arise from evaluating whether information or stimuli
align with an individual’s goals. The more a new element contradicts one’s
goals, the stronger and more negative the emotional response would be,
and vice versa (Frijda, 1986; Lazarus et al., 1970; Moors & Fischer, 2019;
Parkinson & Manstead, 1992; Reisenzein, 2001; Roseman, 1984; Smith, 1989;
Smith & Lazarus, 1990). When intuition fails, it disrupts the fluidity of our
interaction with the environment and this failure would trigger an emo-
tional response, motivating us to take action in order to restore coherence
through deliberation. This view differs from other recent models that are
rooted in a metacognitive framework, whereby poor intuitions would
generate a low Feeling of Rightness (FOR; Thompson et al., 2011), a strong
Feeling of Error (FOE; Fernandez Cruz et al., 2016; Gangemi et al., 2015),
a strong Feeling of Wrongness (FOW; Ackerman & Thompson, 2017), or a
strong Response Uncertainty (RU; De Neys, 2022). Indeed, those models
typically do not conceptualise the trigger of deliberation as being emo-
tional in nature’.

A key question, in our view, concerns the role of emotion in metacog-
nitive experiences, such as the Feeling of Rightness (FOR). When situated
within a metacognitive framework, the FOR is not itself an appraisal in
the sense defined by the Appraisal Theory of Emotion, and cannot be

"While the FOR model does consider an affective component (Thompson et al., 2011; Thompson & Mor-
sanyi, 2012), it does not go beyond the idea that strong intuitions are associated with pleasantness (Ack-
erman & Thompson, 2017; Morsanyi & Handley, 2012; Thompson et al., 2011; Trippas et al., 2016) and it
does not integrate the observation that physiological arousal is observed in situations of cognitive conflict
during reasoning tasks (De Neys et al., 2010; Purcell et al., 2023).
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equated to an emotional response. According to the Appraisal theory,
when an organism appraises a situation—for example, as fluent or disflu-
ent—this appraisal can elicit an emotional reaction. Metacognitive
responses such as the FOR would emerge at a later stage, serving to
interpret or regulate the motivational signal. In the case of reasoning, the
negative affect triggered by weak intuitions may act as a cue to reconsider
the situation and engage further cognitive resources.

In sum, our proposal is that a more comprehensive model of reasoning
should position FOR or RU as a cognitive evaluation of intuitive failure,
one that draws upon the emotional cue of doubt in order to initiate
deliberative thinking. The present study aims to test the relevance of the
Appraisal framework to the field of reasoning. It may allow us to explain
why individuals engage in costly deliberative reasoning when intuitive
reasoning has failed. In order to emulate situations where intuitive rea-
soning is suboptimal, it is possible to use reasoning problems that can
elicit conflicting intuitions (De Neys et al., 2010; S4 et al., 1999). Consider,
for example, the following problem: “All primates have legs. Humans have
legs. Therefore, humans are primates”. Although at first glance the argu-
ment may seem logically sound, the conclusion “humans are primates”
does not follow logically from the premises (i.e., primates are not the only
species with legs, birds for example also have legs). It is a fallacious form
of logical reasoning known as affirmation of the consequent. Yet, reasoners
may be inclined to endorse the conclusion because it is believable. In
other words, there is conflict between the believability of the conclusion
and the logical validity of the argument (Evans et al., 1983). Interestingly,
reasoners who endorse the conclusion tend to report less confidence (or
more uncertainty) in their answer in such problems than in problems
where believability and logicality do not conflict. This suggests that the
conflict has been detected (Bago & De Neys, 2019; Botvinick, 2007; De
Neys, 2012; 2022; De Neys et al., 2008, 2010; De Neys & Glumicic, 2008;
De Neys & Pennycook, 2019; Pennycook et al., 2015). In this study, we test
the hypothesis that the evaluation of the product of intuitive reasoning
is not solely cognitive in nature and also relies on an emotional response.
The negative nature of such response would explain our motivation to
trigger deliberation, in order to eliminate the negative emotional state by
resolving the failure of intuitive reasoning. In sum, the two hypotheses
tested in the present work are that (1) intuition failures provoke not only
a second-order cognitive judgement about confidence in the response,
but also a broader appraisal leading to an emotional response, named
doubt, and that (2) the presence of such negative emotion prompts rea-
soners to engage in deliberative reasoning.

In Experiment 1, we asked participants to evaluate the logical validity
of syllogisms in which conclusions could be consistent or inconsistent
with prior beliefs. Participants were required to respond under time pres-
sure in order to promote the use of intuitive reasoning. We introduced a
subjective measure of doubt and explored its association with participants’
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performance, as well as the association between doubt and state anxiety.
In Experiment 2, we assessed whether doubt triggers deliberation by
employing a two-response paradigm (Thompson et al., 2011). This allowed
us to discriminate intuitive from deliberative responses. Participants first
responded to a reasoning problem under time constraint (first “fast”
response) to limit the involvement of deliberation. They then responded
once again to the same problem with all the time necessary (second “slow”
response), allowing them to use deliberation. We used three indices of
deliberation: the number of times participants changed their response
between the first and second presentation of the problem (Evans &
Stanovich, 2013; Kahneman, 2011), the response time associated with the
second response (longer RTs indicating a more likely involvement of delib-
eration; Thompson et al., 2011), and participants’ self-report of whether
or not they had engaged in deliberation before giving their second
response. Our hypotheses were that 1) conflict problems would generate
more doubt than non-conflict problems, and that 2) there would be a
positive relationship between doubt and deliberation.

Experiment 1
Method

Pre-registration
The study design, hypotheses, research question and analyses were pre-
registered on the Open Science Framework (https://osf.io/v3pq5)

Participants

Participants were students and employees from the University Clermont-
Auvergne recruited by e-mail, using a mailing list covering the entire pool
of students and employees of the university. A total of 620 French-speaking
participants took part in the experiment. Education level was collected
for all participants. A total of 46 people were excluded from the analyses
because they failed the attention test that was embedded in the experi-
ment (see below). Therefore, a sample of 574 participants were included
in the analyses (390 women, mean age: M=20.8years, SD=5.09). Most of
them reported having completed secondary school (n=448), while others
reported having completed undergraduate education (n=99), post-grad-
uate education (n=25), or only primary education (n=2).

Given that we had never previously tested our measure of doubt before,
we anticipated that the difference in doubt between conflict and no-con-
flict problems might be small (i.e., between d=0.10 and d=0.20). Power
calculations performed with G*Power (version 3.1.9.7) indicated that a
minimum of 620 participants would be needed to detect an effect size
of d=0.10 with a power of 80% in a paired t-test (p = .05). Therefore, we
stopped collecting data when we reached that sample size.
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Materials
Syllogisms. Participants were asked to solve syllogisms that were built
using categorical versions of two possible conditional inferences. The
first was equivalent to the valid Modus Ponens (If P then Q, P is true,
therefore Q is true), and the second was equivalent to the invalid
Affirmation of the Consequent (If P then Q, Q is true, therefore P is true).
Each problem comprised a major premise (e.g., “All vehicles have
wheels”), a minor premise (e.g., “Boats are vehicles”) and a conclusion (e.g.,
“Therefore, Boats have wheels”). Participants were asked to assess whether
the conclusion to each problem followed logically from the two premises
(that they had to consider true regardless of their degree of belief in
them). The following format was used for (1) valid problems of which the
conclusion followed logically and (2) invalid problems of which the con-
clusion did not follow logically:

1. All vehicles have wheels.

Boats are vehicles.

Therefore, boats have wheels.

Does the final statement follow logically from the first two?
2. All felines can walk.

Cats can walk.

Therefore, cats are felines.

Does the final statement follow logically from the first two?

Twelve syllogisms were presented. They were taken from the work of
Boissin et al. (2023) and translated into French (see full list of problems
in supplemental materials). Half of the problems involved conflicts, where
logical validity and believability did not align, while the other half were
non-conflict problems, where logical validity and believability aligned (see
Table 1).

Doubt scale. After responding to each syllogism, the participants
reported whether they had experienced doubt when solving the
problem, by rating the following five statements: “I felt confused’,
“| felt blocked”, “I felt the problem was pushing me to think harder”,

Table 1. Examples of problems.

Believable Unbelievable
Logical All flowers need water. All vehicles have wheels.
Roses are flowers. Boats are vehicles.
Therefore, roses need water. Therefore, boats have wheels.
lllogical All mammals can walk. All birds can fly.
Cows can walk. Planes can fly.
Therefore, cows are mammals. Therefore, planes are birds.

Note: Conflict problems in bold.
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“| felt doubt”, “I found the reflection unpleasant’, using a four-option
Likert scale (i.e., “not at all’, “not really”, “quite so” and “completely”).
Statements were chosen on the basis of the theoretical dimensions of
the emotion of doubt. Accordingly, we aimed to assess an emotional
appraisal that evaluates whether the experienced situation aligns with
the individual’s goals. To achieve this, we asked participants about
feeling blocked (i.e., “I can't do what | want to do”) and the need for
further thought (i.e., “I must change the situation”). Additionally, we
incorporated an assessment of the perceived valence of the situation
(i.e., “unpleasantness”) and of the subjective experience of the emotion,
namely, “doubt” and “confusion”. The doubt scale showed good internal
consistency (Cronbach a = .88). For each participant and each problem,
we calculated a doubt score by averaging the scores to the five items
and transforming it into a percentage (i.e, min = 0, max = 100). We
then computed the mean doubt score for conflict problems and the
mean score for non-conflict problems.

Questionnaires

At the end of the experiment, the participants completed an anxiety
guestionnaire, using a reduced 5-item version of the State-Trait Anxiety
Inventory (STAI) measuring state anxiety (Zsido et al., 2020; Cronbach a
= .91). Participants rated their agreement with five statements about how

" ou " ou

they felt (“upset”, “scared”, “nervous”, “jittery”, and “confused”) again using

"o,

a 4-option Likert scale for each item (“strongly disagree”, “somewhat dis-
agree”, “somewhat agree”, and “strongly agree”). For each participant, we
computed an average state-anxiety score and transformed it into a per-
centage (Cronbach a = .71).

Participants also completed a reduced version of the Need For Cognition
scale (NFC; Chiesi et al., 2018) which assesses participants’ personal ten-
dency to engage in and enjoy effortful cognitive activities, using a 10-item
Likert scale with 5 response choices for each item (“Not at all’, “A little”,
“Moderately”, “Quite so’, and “Completly”). Examples of items include: “I
prefer complex to simple problems’, “I like to have the responsibility of
handling a situation that requires a lot of thinking” or “Thinking is not
my idea of fun” Although Chiesi et al. (2018) reported a McDonald w
ranging from .76 to .90, suggesting a very good consistency between
items, in our study this scale appeared to show low consistency (Cronbach
a = .46), which is why we decided not to report the findings linked to
this scale here (analyses of the findings in relation with this scale can be
found in the Experiment 1 analyses of the supplemental material.)

Procedure
The experiment was run online using the OpenSesame software (Mathot
et al,, 2012) supported online by Jatos and hosted on the MindProbe
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server created by the European Society for Cognitive Psychology.
Participants were informed that the study would last around 10 min. They
were instructed to isolate themselves in a quiet, distraction-free environ-
ment. The instructions explained that the participants would have to assess
whether reasoning problems were logically valid or not, under time pres-
sure and using their intuition (see full description of instructions in sup-
plemental material).

After having read the set of instructions, the participants were presented
with a practice problem. They were then presented with the 12 test prob-
lems. The conflict and non-conflict problems were presented in a pseu-
do-random order (see supplemental material). For each trial, the full
problem content (consisting in two premises and one conclusion) and the
two response choices (“logically valid” and “logically invalid”) were pre-
sented all at once. Participants had 10s to respond after problem onset.
Note that problem presentation time was selected following an informal
pre-test, showing that 10s was enough for participants to be able to read
and respond to the problem. After 10s had elapsed, the problem disap-
peared and was replaced by the 5-item doubt scale, whether an answer
had been given or not. The participants could take all the time they
needed to complete the doubt scale, after which another problem was
presented. After the completion of 12 trials (each trial consisting of a
problem followed by the doubt scale), an unexpected attention test was
presented. Participants were asked to tick the 7™ box in a 10-box panel.
Participants were excluded from further analysis if they failed the attention
test. Finally, after the attention test, the participants filled the NFC and
State-Anxiety scales and answered a short socio-demographic
questionnaire.

Ethics
The study was approved by the Ethics Committee of the University of
Clermont-Auvergne (IRB00011540-2023-17).

Data analysis
The data were processed using Python and the Pandas library (code
available on https://osf.io/v3pqg5). For each participant, we computed
the total number of logical responses (min = 0, max = 6) to both
non-conflict and conflict problems. Each missing response was considered
as a wrong answer. Given the low number of missing data (6.96%),
removing trials in which there was a missing response from the calcu-
lation of error rates did not affect the results and did not change the
conclusions of the study.

The distributions of all relevant scores (Number of logical responses;
doubt score; State-Anxiety score) did not follow normal distributions.
Therefore, we used non-parametric statistical tests wherever possible.
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Results

In this section we begin by describing the results of the pre-registered
analyses before moving to exploratory analyses.

Pre-registered analyses

As expected, participants were overall very accurate when responding to
non-conflict problems, with an average of 5.11 logical responses out of 6
(SD=1.06; see Table 2). This confirms that participants understood the task
well. In contrast, participants were much less accurate on conflict problems,
with an average of 1.38 logical responses out of 6 (SD=1.45). A Wilcoxon
signed rank test comparing the number of logical responses in conflict
and non-conflict problems showed a significant difference between the
two conditions, W=86, p < .001, r=0.99. The effect size r in the Wilcoxon
test measures the magnitude of the difference between two groups. It is
used for nonparametric tests and is interpreted in the same way as the
Pearson coefficient that is used for parametric tests (where r = .10 is
considered small, r = .30 is considered medium and r > .50 is considered
large). One important hypothesis of this study was that participants would
experience more doubt overall with conflict than with non-conflict prob-
lems. This was the case, as the mean level of doubt was significantly
higher for conflict problems (M_,.qcc = 21.41, SD_psicc = 16.44) than for
non-conflict problems (M = 15.44, SD = 14.67), W=26795,
p < .001, r = .63.

Additionally, a Spearman correlation test showed that the average level
of doubt for conflict problem was positively related to the number of
logical responses for these problems (p = .13, p = .002; see Table 3). To
further examine this relationship, we conducted a series of generalised
linear models (GLMs), the results of which are reported in the Experiment
1 analyses of the supplemental material. Finally, the mean level of doubt
promoted by conflict problems was related to the level of state anxiety
reported at the end of the experiment, p = .31, p < .001.

non-conflict non-conflict

Exploratory analyses

First, we focused solely on belief-driven responses (i.e., responses that
were correct in non-conflict trials and incorrect in conflict trials). We tested
whether people doubted more in the conflict than the non-conflict con-
dition, despite having given the expected intuitive answer in both

Table 2. Means of doubt and Number of logical responses across both conflict
conditions.

Mean (SD)

Number of logical responses Conflict 1.38 (1.45)
Non-Conflict 5.11 (1.06)
Doubt (%) Conflict 21.41 (16.44)

Non-Conflict 15.44 (14.67)
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Table 3. Spearman’s correlation table between doubt, logical responses and state-anx-
iety scores in Experiment 1.

Doubt State-anxiety
Non-conflict Conflict
State-anxiety 35%*x 37Exx -
Number of logical Non-conflict —0.29** - -0.11*
responses Conflict - 3% -0.07

Note.
"p <.05. **p < .01. ***p < .001.

Table 4. Number of participants in each accuracy groups.

Accuracy groups
(number of logical
responses in the

conflict condition) 0 1 2 3 4 5 6
N 191 174 103 57 17 21 11
(%) (33%) (30%) (18%) (10%) (3%) (4%) (2%)

conditions. After excluding some participants from the analysis because
they had no belief-driven response in one or both conditions, the analysis
was conducted on a subset of N=539 participants. As expected, doubt
remained higher in conflict problems (M=21.2, SD=20) than in non-conflict
problems (M=10.2, SD=13.7) in this subset of participants. A Wilcoxon
rank-signed test showed that the difference was significant, W=87336, p
<.001, r = .74.

Although we did predict that there would be a relationship between the
level of doubt and the number of logical responses, we did not make any
specific prediction regarding the shape of this relationship. Here, we exam-
ined whether the observed relationship was linear or non-linear. We sepa-
rated the participants into 7 groups (see Table 4), according to their number
of logical responses in the conflict condition (min = 0, max = 6). A Kruskal-
Wallis's ANOVA using group as an independent variable showed that the
average level of doubt in the conflict condition varied according to the
participants’ number of logical responses, x2(6) = 14.8, p = .021, €2 = .026.
A contrast analysis further showed that the latter relationship was best
explained by a quadratic function, t(567) = —2.32, p = .021 (see Figure 1).

Discussion

The goal of Experiment 1 was to test the hypothesis that participants
experience a negative emotion, doubt, when a reasoning problem gen-
erates a cognitive conflict, for example when prior beliefs conflict with
logical validity (De Neys, 2012, 2017; De Neys & Pennycook, 2019). To this
aim, we used syllogisms in which the conclusion was either consistent or
inconsistent with prior beliefs, and was either logical or illogical. We mea-
sured the level of doubt experienced after the presentation of each syl-
logism. In line with the literature, participants gave fewer logical responses
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Figure 1. Level of doubt according to accuracy groups.

to conflict problems than to non-conflict ones, showing a belief bias effect
when assessing the logical validity of a problem conclusion (Evans et al.,
1983; Evans & Pollard, 1990). In addition, the level of doubt was higher
for conflict problems than for non-conflict problems, and this was true
even when focusing only on belief-driven responses. The latter finding is
consistent with the idea that participants can detect (to some extent at
least) when two conflicting intuitions emerge (one logical and one belief-
based; De Neys, 2012; De Neys & Bonnefon, 2013), and this results in an
increase in doubt. Interestingly, participants who gave either few or many
logical responses experienced less doubt than participants in the medium
range. It is possible that participants at both extremes felt a lower level
of conflict between intuitions and could just rely on their strong (domi-
nant) intuition (belief-based intuition for participants at the low end, and
logical intuition for participants at the high end; Bago & De Neys, 2019;
Raoelison et al., 2020; Thompson et al., 2018). Conversely, participants who
gave an intermediate number of logical responses (i.e,, with a medium
level of accuracy) possibly experienced a stronger conflict between belief-
based and logical intuitions, and this may have resulted in a stronger
feeling of doubt.

Experiment 1 also showed that participants who doubted more also
reported higher levels of state anxiety at the end of the experiment, which
confirms the negative valence of conflict detection (Cortial et al., 2025).
While we cannot conclude whether anxiety-prone people tend to doubt
more or whether the experience of doubt leads to an increase in state
anxiety, the present findings suggest that the two types of emotions
overlap at least partially.

Finally, there was a negative relationship between (i) accuracy in the
non-conflict condition and (ii) state anxiety and doubt. Although this
relationship was not predicted, it suggests that the measure of doubt
captures not only conflict detection but also other factors. For example,
the measure of doubt may also reflect general stress that is unrelated to
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the problems themselves, but is linked to the reasoning situation. This in
turn may reduce cognitive resources available for problem solving and
generate some errors in the (easy) non-conflict condition (Moran, 2016).

In sum, Experiment 1 showed a link between cognitive conflict and
doubt. Critically, our findings hinge on the assumption that intuitions were
central to our task. This is why we limited response time to ten seconds,
in order to promote intuitive reasoning. While this allotted time is relatively
short, it remains longer than in some previous studies (e.g., Boissin et al,,
2023), making it possible that deliberation was involved to some extent.
In Experiment 2, we decreased the allotted time even more, in order to
further limit the involvement of deliberation during the production of the
problem response. In addition, we gave participants the opportunity to
give a second response to each problem, with no time constraint, which
allowed us to test the hypothesis that deliberation is triggered in situations
where an appraisal of cognitive conflict generates doubt. Specifically, this
two-response procedure allowed us to examine the involvement of delib-
eration using three indices: the time it took to give the second response,
the number of response changes (i.e, when participants gave a second
response which was different from the first one), and participants’ self-re-
port of deliberation (SRD). We tested whether an increase in doubt is
associated with an increase in deliberation.

Experiment 2 also allowed us to explore the idea that the strength of
doubt affects the type of deliberation that is triggered (Cortial et al., 2025).
While weak doubt may simply trigger a rationalisation strategy, which
involves finding a justification to validate and reinforce a given intuition
(also known as motivated reasoning; Evans, 1996; Kunda, 1990; Wason &
Evans, 1974), stronger doubt may push reasoners to engage in a more
costly strategy known as decoupling (Pennycook et al., 2015; Stanovich,
1999, 2004, 2009). Decoupling consists in finding a justification to confirm
or disconfirm one’s intuitions, for instance when two intuitions have equal
strength. Specifically, we focused on the subset of trials where participants
had reported deliberating, and compared response-change with no-re-
sponse-change trials within this subset. We postulate that decoupling is
more likely to lead to a response change, and should thus be associated
with longer RTs (more effort) and stronger doubt, compared to rationali-
sation (absence of response change). Finally, in Experiment 2, we further
explored the emotional nature of doubt by adding a subjective measure
of arousal.

Experiment 2
Method

Pre-registration
The study design, hypotheses, research question and analyses were
preregistered on the Open Science Framework (https://osf.io/hdwpx)
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Participants

Participants were recruited through e-mails sent first to students from the
University of Clermont-Auvergne (using a different mailing list than that
used in Experiment 1) and then to students from the University of Paris
8 to complete the sample. Participants were also recruited through social
networks. A total of 831 people participated, of whom 793 passed the
attention test (528 women, M=23.4years, SD=6.9) and were included in
the analyses. Five reported having completed only primary school, 411
had completed secondary school, 192 had completed an undergraduate
degree, and 185 had completed a postgraduate degree or higher. Due to
changes in the display of the experiment compared with Experiment 1,
we instructed the participants to complete the task on a computer and
not on a mobile device.

Our preregistered goal was to reach at least 674 participants based on
the effect sizes of the ANOVA between accuracy groups and doubt level
observed in Experiment 1. Power calculations performed with G*Power
(version 3.1.9.7) indicated that a minimum of 674 participants would be
needed to detect an effect size of eta’= 0.02. with a power of 80% in a
ANOVA F-test (p=0.05). Given that enrolment rate was slower than in
Experiment 1, we had to revive participation by disseminating the exper-
iment through another mailing list, leading the participant number to
exceed that which was pre-registered.

Materials

Syllogisms with two responses. Experiment 2 was conducted online
using the same tools as in Experiment 1 (i.e., online presentation using
the OpenSesame software; Mathot et al., 2012). We also used the same
type of syllogisms as in Experiment 1 but with different contents, also
coming from Boissin et al. (2023). In Experiment 1, argument content
was not randomly assigned to conflict and non-conflict conditions,
potentially confounding the conflict effect. To address this confound
in Experiment 2, participants were randomly allocated to the first or
second list, and problems, within the lists, were presented in a random
order for each participant. Here is an example of the same syllogism
in its conflict and non-conflict forms:

Non-Conflict (believable and logically valid):
All planets revolve around the sun.
The Earth is a planet
Therefore, the Earth revolves around the sun.

Conflict (believable and logically invalid):
All planets revolve around the sun.
The Earth revolves around the sun.
Therefore, the Earth is a planet
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In Experiment 2, participants responded to each problem using a two-re-
sponse procedure (Thompson et al., 2011). In each trial, they first provided
a “fast” response (within 3s after the presentation of the problem conclusion)
followed by a second “slow” response (with no time limit). The time limit
of 3s was chosen based on studies indicating that it corresponded to the
time it took to read the conclusion, move the mouse, and select an answer
(Bago & De Neys, 2017; Raoelison et al., 2020). This method allowed us to
capture both an initial “intuitive” response and then a final “deliberate” one
(Boissin et al., 2023). For each participant, we computed the number of
correct responses (min = 0, max = 6) both for conflict and non-conflict
problems, separately for time 1 (t1) and time 2 (t2) responses. We also
measured response time for t2 responses, and number of response changes
between t1 and t2 responses. The latter two indices were used to assess
the involvement of deliberation (Bago & De Neys, 2017; Boissin et al., 2023;
Thompson et al.,, 2011). Finally, we introduced a third self-report measure
of deliberation, not previously employed in studies using the two-response
paradigm. For each reasoning problem, after giving their second slow
response, participants were asked whether (1) they had “given some thought
before giving the second response’, or whether (2) they had “kept their
initial answer without giving any more thought to the problem” For each
participant, we computed a self-report deliberation index (min = 0, max =
6) both for conflict and for non-conflict problems.

Doubt. Given the strong internal consistency of the doubt scale in
Experiment 1, we reduced the scale to three items, keeping one item
for each dimension of doubt (appraisal, subjective experience and
negative valence), using the same Likert scale with four options (“not at
all’, “not really”, “quite so” or “completely”). The three items that we kept
were “| felt blocked", “I felt doubt’, and “I found the reflection unpleasant”.
The doubt scale showed a good internal consistency (a = .82). For each
participant and each problem, we calculated a doubt score by averaging
the scores to the three items. For each participant, we computed the
mean doubt score for conflict problems, and the mean doubt score for
non-conflict problems, and transformed the two scores into percentages.

Arousal. Participants reported how “they felt when solving the problem”
using a Manikin arousal scale, from calm/serene to restless/awake/
aroused (Bradley & Lang, 1994). For each participant, we computed
the mean arousal score for conflict problems, and that for non-conflict
problems, and transformed the two scores into percentages.

State-trait anxiety inventory (STAI). At the end of the experiment, the
participants completed a state-anxiety questionnaire, using the same
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reduced 5-item version of the State-Trait Anxiety Inventory (STAI; Zsido
et al,, 2020) as in Experiment 1.

Procedure

Participants were instructed that the experiment would take between 10
and 15min and would require their full attention. A general description
of the task was presented at the beginning, informing participants that
they would have to solve reasoning problems and provide two consecutive
answers for each. They were informed that we were interested in the very
first response that came to their mind. They were also instructed that
after providing their initial response for each problem, they could reflect
once more on the problem and take as much time as necessary to provide
a second (final) response. In order to familiarise themselves with the
two-response procedure, the participants solved a training problem under
the conditions of the two-response procedure.

Figure 2 shows a typical trial. In Experiment 2, we adopted the presen-
tation format of Bago and De Neys (2017). All trials began with the pre-
sentation of a fixation cross for 2000 ms, followed by the first sentence (the
major premise, e.g., “All mammals can walk”), for 2000ms, and then the
second sentence (the minor premise, e.g., “Whales are mammals”), which
was presented directly underneath the first premise for another 2000 ms.
This was followed by the presentation of the conclusion, directly underneath
the second premise, and by the question “Does the last statement logically
follow from the first two?” with two response options (yes/no). At this stage,
participants had 3000ms to choose an answer (i.e.,, they had 7000ms in
total to read the entire problem and choose an answer; see Figure 2). The
response buttons turned red 2000 ms after the conclusion appeared. This
warned the participants that they only had a short time left to respond.
Whether the participants had time to provide an answer or not, the problem
disappeared and a doubt scale appeared. Finally, the same reasoning prob-
lem was presented again in full (all at once) and participants were asked
to provide a final response, with no time limit. Following the second
response, participants were asked to report whether they had used reflection
to give their second response (see Figure 2).

As in Experiment 1, an attention test was randomly presented during
the course of the experiment. Participants were asked to check the 6th
box in a 10-box panel and to choose the “no” box from two choices
(yes/no).

At the end of the study, the participants completed a 5-item scale
measuring state anxiety and they provided their demographic information.

Ethics
This experiment was approved by the Ethics Committee of the University
of Clermont-Auvergne (IRB00011540-2023-17).
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Figure 2. lllustration of one test trial in Experiment 2.

Data analyses

The data were processed using Python and the Pandas library. For each
participant, we calculated the total number of logical t1 and t2 responses
to non-conflict and to conflict problems (min = 0, max = 6, for each score).
Given that the number of missing responses was low (4.97%), like in
Experiment 1, both an absence of response and a non-logical response
were considered an error (the conclusions were similar when using only
non-logical responses as errors). Given that the distributions of relevant
scores did not follow normal distributions, we used non-parametric sta-
tistical tests wherever possible.

Results

On average, participants took around 13 min to complete the experiment
(M=773s). We excluded the participants who took less than half this time
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or more than twice this time, under the assumption that these participants
did not engage with the experiment. We analysed the data of the remain-
ing 695 participants.

Pre-registered analyses

Conflict and doubt. As anticipated, the mean number of correct t1
responses was high for non-conflict problems (M, conficc = 443 out of
6; SD,op-consice: = 1.62) confirming that the participants understood the
task. In contrast, the mean number of correct t1 responses was low for
conflict problems (M_,,4ic = 1.13 out of 6; SD_,4ic = 1.39). The difference
was significant, W=996, p < .001, r = .99. Although participants gave
more accurate final (than initial) responses, the difference in accuracy
between non-conflict and conflict problems remained significant (M,,,,.
conflict = 538' SDnon—conﬂict = 09' Mconflicr = 223' SDconﬂict = 178)' WZSSO' p
= <.001, r = .99. One of the key hypotheses of this study was that, after
giving their initial “fast” answer, participants would experience greater
levels of doubt on average in the context of conflict than in the absence
of conflict. This was indeed the case (M =15.1SD =153;M,,,.

conflict — conflict

confiice = 137, SDpop-confice = 13-8), W=93946, p = .002, r = .15. Subjective
arousal was also higher in the context of conflict than in its absence,
W=85957, p <.001, r=0.17 (see Table 5).

Spearman correlation analyses revealed that the level of doubt was
related to the number of logical responses for conflict problems both at t1
(p =.17) and at 12 (p = .23, see Table 6). We also found positive correlations
between doubt, arousal, and level of state-anxiety (see Table 6). Furthermore,
for the non-conflict problems, we found the same negative correlation as
in Experiment 1 between the number of logical t1 responses and the level
of doubt (p = —0.16, p < .001). The interaction between doubt and conflict
on accuracy at both T1 and T2 was further supported by GLM analyses,
with full results reported in the Experiment 2 analyses of the Supplementary
Materials. We also found a negative correlation between the number of
logical t1 responses and the level of arousal (p = —0.10, p = .01).

Conflict and deliberation. In Experiment 2, we introduced three indices
in order to measure the involvement of deliberation: self-report of

Table 5. Mean and SD of accuracy (at t1 and t2), doubt, and arousal in response
to conflict and non-conflict problems.

Number of logical responses Doubt Arousal
Initial response (t1) Final response (t2)
Non- Non- Non- Non-
Conflict Conflict Conflict Conflict Conflict conflict Conflict conflict

1.13 (1.39) 4.43 (1.62) 2.23 (1.78) 5.38 (0.90) 15.1 (15.3) 13.7 (13.8) 20.2 (79.3) 19.0 (18.3)
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Table 6. Correlation between accuracy measures and emotionals measures.

Doubt Arousal
Conflict Non-Conflict Conflict Non-Conflict
Arousal 65%** 64%** - -
State-Anxiety 50%** ABH** i el A8**¥
Logical responses (t1) N 7*** —0.16*** ]5%%* —0.10%**
Logical responses (t2) 23%** —0.05 16%** -0.04

Note: The table presents Spearman’s p correlation values.
*p <.05. **p < .01. *p < .001.

Table 7. Relationship between self-report of deliberation, t2 RT, and response change.

SRD RespChange RT
Non- Non- Non-
Conflict Conflict Conflict Conflict Conflict Conflict
RespChange 367 7% - - - -
t2 RT 45%%* Q2xx* 34%%* .09* - -
Logical responses (t1) 26%%* —0.09* %%, 15%** 25*** —0.11**
Logical responses (t2) T e -0.07 A0%** —0.54%*% A3¥** 0,02

Note: The table presents Spearman’s p correlation values.
*p <.05. **p < .01. ***p < .001.

deliberation (SRD), change in response from t1 to t2 (RespChange),
and response time (RT) for the t2 (final) response.

We observed positive relationships across all three measures of delib-
eration in conflict problems, suggesting that they all measured the same
construct. We also found positive correlations between deliberation mea-
sures and logical responses for conflict problem, but negative ones for
non-conflict problems (see Table 7).

Participants reported having deliberated significantly more often for
conflict than for non-conflict problems (see Table 8), W=69963, p <.001,
r = .31. They also changed their response more often from t1 to t2,
W=53308, p <.001, r = .51, and took longer to give their second response,
W=154235, p <.001, r = .27 (see Table 8), with conflict than with non-con-
flict problems.

Doubt and deliberation. One of our key predictions is that doubt
triggers deliberation. In order to test this hypothesis, we examined the
relationships between the indices of doubt (doubt score, arousal score,
and state-anxiety score) and the indices of deliberation (self-report of
deliberation, response change from t1 to t2, and t2 RT). Note that we
consider every response change as a marker of deliberation (even if
the final answer is wrong, as it shows a reassessment of the initial
intuition; Bago & De Neys, 2017, 2019; Boissin et al., 2021, 2022, 2023).
We found positive relationships between all these indices (see Table 9).

To analyse the different patterns of responses, logical responses were
coded as “1” and non-logical ones were coded as “0" at each response
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Table 8. SRD, ChangeResp and RT means difference between conflict and non-conflict
problems.

Conflict Non-conflict
M (SD) M (SD)
Self-report deliberation score 3.06 (1.99) 2.69 (2.01)
(Min = 0, max = 6)
Response Change (frequency) 0.17 (0.21) 0.09 (0.14)
t2 RT (ms) 8220 (6000) 7230 (5772)

Table 9. Relationships across emotional and deliberation indices.

Doubt Arousal State-anxiety
Non- Non- Non-
Conflict conflict Conflict conflict Conflict conflict
SRD 34%*x 34xxx 24%*% 25%** J3¥*x J2%*
RespChange 22%*¥ 10%** J4xxx 2% J12%* .05
t2 RT 35%xx 34xxx 32%¥x 3EEx 20%** J7EEx

Note: The table presents Spearman’s p correlation values.

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

""p < .001. There is only one measure of state-anxiety per participant, we compare it to the conflict
or non-conflict status of the deliberation measures (SRD, RespChange and t2 RT).

Table 10. Doubt and arousal mean across pattern groups.

00 1 10 01
M (SD) M (SD) M (SD) M (SD)
Doubt (%) 9.5 (17.5) 1 (18.8) 20.8 (26.6) 21.9 (25.5)
Arousal (%) 16.3 (22.5) 17.25 (22.67) 26.0 (27.5) 24.75 (25.75)
RT (ms) 4918 (4113) 5494 (4363) 6691 (5256) 9026 (8639)

stage (i.e, t1 and t2). This gave us four possible response patterns. “11”
patterns correspond to trials where both the first (fast) response and the
slow (second) response were correct (35% of all responses). “00” patterns
correspond to trials where both responses were incorrect (54% of all
responses). “01” patterns correspond to trials where the first response was
incorrect and the second was correct (7% of all trials). Finally, “10” patterns
correspond to trials where the first response was correct and the second
incorrect (4% of all trials).

Kruskal-Wallis ANOVAs revealed that the reported levels of doubt and
arousal, as well as t2 RTs, varied as a function of response patterns (see
Table 10), respectively, x2(3) = 167, p <.001, €2 = .025, x?(3) = 85.2, p <.001,
€2 =.013, and x?(3) = 270, p <.001, € = .041. Furthermore, Mann-Whitney
tests suggest the levels of doubt and arousal were higher, respectively
Ugoure = 1.64%%6, p <.001, r=0.24, and U, = 1.77¢*%, p <.001, r=0.18,
and RTs were slower, U,y = 1.48%%, p <.001, r=0.32, in patterns involving
a response change (01 or 10 patterns) compared to patterns not involving
a response change (11 or 00 patterns).

Finally, a x? test revealed that the proportions of self-report deliberation
varied as a function of response patterns (see Figure 3), x3(3) = 532, p <.001.
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Figure 3. Distribution of self-report of deliberation answers according to response
patterns.

Differences between reasoners. Like in Experiment 1, we grouped
participants as a function of their number of logical responses, using
the first (fast) response. Given that there were only three participants
who gave 6 logical responses, we grouped them together with the
participants who gave five logical responses, leading to 6 groups in
total (“0% “17, "2", “3", "4”, and “5+" logical responses). A Kruskal-Wallis
ANOVA showed that the level of doubt varied as a function of group,
x2(5) = 28, p <.001, €2 = .04, and that the relationship was best
explained by a quadratic trend, like in Experiment 1, t(689) = —3.28,
p = .001 (see Figure 4).

Frequency of response change, and RTs for the second response, also
varied as a function of group, respectively, x(5) = 33.9, p <.001, €2 = .050
and x2(5) = 49, p <.001, €2 = .071, with significant quadratic trends, respec-
tively, t(689) = —2.42, p = .016 and t(689) = —2.97, p = .003 (see Figure 5).

Finally, self-reports of deliberation and arousal also varied across groups,
respectively, x2(5) = 52.3, p <.001, €2 = .075 and x%(5) = 19.7, p = .001, €
= .028, but were qualified by linear trends, respectively, t(689) = 5.59, p
<.001, and t(689) = 3.15, p = .002 (see Figure 5).

Exploratory analyses

Subset of belief-driven t1 responses. Like in Experiment 1, we tested
if the difference in levels of doubt across conflict and non-conflict
problems remained significant when focusing only on belief-driven t1
responses (i.e., responses that were correct in non-conflict trials but
incorrect in conflict trials). We excluded participants for whom the
mean could not be calculated (because of an absence of belief-driven
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Figure 4. Level of doubt according to the number of logical t1 responses in conflict
condition.

Figure 5. The change of response rates, RT, SRD and arousal according to the number
of correct t1 responses in conflict condition.
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response) and focused on the subset of remaining participants (N=677).
A Wilcoxon signed-rank test showed that even when focusing on belief-
driven responses, participants reported more doubt in the conflict
condition (M=13.3, SD=13.6) than in the non-conflict one (M=9.01,
SD=16.2), W=31325, p < .001, r = 42.

Subset of self-reported deliberative trials. Figure 5 shows that participants
who reported having deliberated had not necessarily changed their
response from t1 to t2. This might reflect the fact that deliberation
can lead either to rationalisation or decoupling of ones’ responses.
Within the subset of self-reported deliberative trials, we compared the
trials with no response change (“00” and “11” response patterns grouped
together) to those with response change (“01” and “10” response
patterns grouped together), using Mann-Whitney t-tests. We found that
RTs and levels of doubt were lower in no-response-change trials
(respectively, Mg = 9301 ms, SDg; = 10600, and M, = 16.8, SD o0
= 22) than in response-change trials (My; = 14770ms, SDg; = 16903;
Mouor = 24.7, SDyoupe = 26.2), Upr = 722173, p <.001, r = 17; Uy =
626550, p <.001, r = .28. This finding is consistent with the idea that,
when participants reported that they reflected but did not change
their mind, they may have been rationalising (which involves lower
levels of doubt and is faster). In contrast, when participants reported
that they reflected and actually did change their mind, they may have
been decoupling (which involves higher levels of doubt and is slower).

Discussion

Experiment 2 was designed with two objectives in mind. The first objective
was to replicate the results of Experiment 1, which related cognitive con-
flict in deductive reasoning to doubt while suggesting a quadratic rela-
tionship between the level of doubt and the number of logical intuitive
responses. The second goal was to examine the purported association
between doubt and deliberation, which we measured using three indices
(t2 response time, response change, and self-reported deliberation).
Doubt manifested itself in both the cognitive measures (i.e., feeling
blocked, experiencing doubt) and the affective measures (i.e., unpleasant-
ness, arousal). It was stronger in conflict than non-conflict trials, even
when focusing solely on trials where participants gave belief-driven
responses. Finally, doubt was overall stronger in participants with medium
levels of t1 accuracy on conflict trials than in participants with low or
high levels of t1 accuracy. These findings all converge towards the follow-
ing interpretation: (1) conflict problems can simultaneously generate heu-
ristic-based (flawed) and logically-sound intuitions, (2) the intuitive conflict
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can be detected and this generates a negative-valence emotion, and (3)
the strength of the conflict varies across participants, such that in some
participants it is stronger than in others (i.e., the latter are participants
with either a strong heuristic-based intuition or a strong logically-sound
intuition, whereas the former are participants with two intuitions of equiv-
alent strength; De Neys, 2012, 2017; De Neys & Pennycook, 2019).

With respect to the second aim of the study, we found positive cor-
relations between doubt and the three measures of deliberation. In addi-
tion, the findings are consistent with the idea that stronger doubt is
associated with a deeper and more costly type of deliberation (decoupling),
whereas weaker doubt is associated with a weaker and less costly type
of deliberation (rationalising).

General discussion

The present study examined two main hypotheses. First, we tested whether
the emotion of doubt emerges when intuitive reasoning fails to produce
a straightforward answer to a problem, specifically, when two contradicting
intuitions emerge at the same time and come into conflict. Second, we
explored whether this emotional experience drives deliberation. To this
end, we contrasted the level of doubt experienced when solving easy
deductive-reasoning problems (non-conflict problems, unlikely to produce
conflicting intuitions) to that experienced when solving difficult problems,
in which several contradicting intuitions can emerge (conflict problems;
Experiments 1 and 2). We further assessed whether the experience of
doubt was associated with deliberation using a set of indices (Experiment
2). In both experiments, conflict problems generated a stronger emotional
response (subjective doubt and subjective arousal) than non-conflict prob-
lems. In Experiment 2, all the measures of deliberation (reaction time,
self-report of deliberation, and response changes in the two-response
paradigm) were positively related with the emotional indices.

The association between conflict in deductive reasoning problems and
emotion (i.e., subjective doubt and subjective arousal) is consistent with
previous findings showing that discrepant, discontinuous or incoherent
stimuli generate an emotional response (De Neys et al., 2010; Hoshikawa
& Yamamoto, 1997; Kuzinas et al., 2016; Morris et al., 2008; Purcell et al.,
2023; Van Steenbergen & Band, 2013; Zander et al., 2017; Zhang et al,,
2010). Moreover, the correlation between emotional response and delib-
eration is consistent with previous findings indicating that certain emo-
tional states can facilitate a deliberative mode of reasoning. A substantial
body of literature demonstrates that emotions such as surprise, confusion,
or anxiety indeed leads to reflection (see Cortial et al., 2025). All of these
emotions share common traits of doubt, namely that they arise from a
disrupted and non-fluid interaction between the organism and its envi-
ronment and have a negative valence. The results of our study indeed
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indicate a relationship between doubt and anxiety. We argue that anxiety
may represent a long-lasting form of doubt associated with a repeated
exposure to ambiguous or problematic situations that cannot be satisfy-
ingly solved through intuitive reasoning and that are susceptible to lead
to a negative impact on the well-being of the organism (Miceli &
Castelfranchi, 2005; Spielberger, 1966). Anxiety may thus emerge as a
result of a prolonged state of doubt confirming the presence of a doubt-
like affective element embedded into the reasoning process.

Although some models seem to have made reference to a “feeling” that
would be associated with intuitions and that can prompt deliberation
(Thompson et al., 2011; Thompson & Morsanyi, 2012), the remaining the-
orical question is: What would be the exact role of emotion in FOR models?
FOR, being a metacognitive experience, is built upon cues (Ackerman &
Thompson, 2017; Efklides, 2001, 2006), one of which is the positive emo-
tional valence arising from the fluency of strong intuition (Thompson &
Morsanyi, 2012). Thus, if FOR is not an appraisal, there is no reason to
view it as the motivation to deliberate, as emotional motivation already
exists. An individual appraises non-fluent intuition as negative, experiences
a physiological reaction, and feels action tendencies, which sufficiently
explains the motivation to use deliberation. FOR would then acts as a
metacognitive judgement to assess and direct the necessary time and
effort allocated to problem-solving (De Neys, 2022; Efklides, 2006;
Touroutoglou & Efklides, 2010).

We believe that an important finding from this study is that the expe-
rience of doubt during problem-solving is not entirely caused by cognitive
conflict or disfluent intuitions. Reasoning contexts are likely to lead to
nervousness, desire to perform well, or fear of failure, which would explain
why doubt was also experienced to some extent in non-conflict problems,
and was negatively linked to non-conflict-problem accuracy. According to
the appraisal framework, doubt arises from an individual’s overall evalu-
ation of goal-situation congruence rather than from cognitive conflict
alone. While conflict was used to induce doubt experimentally, some
participants may have suspected a trick, leading them to overthink and
give the wrong answer in non-conflict trials.

The capacity to elicit intuition is intrinsically dependent on the prior
knowledge of individuals, also named Mindware (Raoelison et al., 2020;
Stanovich, 2018; Thompson et al., 2018). The literature provides compelling
evidence of substantial individual differences in this regard (de Chantal
et al.,, 2020; Frey et al., 2018; Stanovich & West, 2000). It is also well
established that a form of affective mindware plays a crucial role in rea-
soning. Individuals who have engaged in reasoning exercises related to
traumatic events they have experienced—such as war or sexual violence—
demonstrate enhanced reasoning abilities concerning these specific issues,
as these contexts hold particular relevance for them (Blanchette et al,,
2007; Blanchette & Caparos, 2013, 2016). The importance of individual
differences is well accounted for by the Appraisal framework, explaining



116 (&) C.CORTIALETAL.

why some people may have found non-conflict problems puzzling and
doubtful in the present studies (Moors & Fischer, 2019; Scherer & Moors,
2019; Silvia et al., 2009).

Our findings showed that poorer performance does not mean that
people did not deliberate; in fact, the opposite was sometimes true. Doubt
motivated people to mobilise cognitive resources to deliberate, but this
was beneficial only for conflict problems. For non-conflict problems, doubt
led individuals to question their intuition, but looking for a trap where
there is not one will mechanically lower the level of accuracy.

In light of the present results, we propose that 1) a negative emotional
response delineates the mechanistic processes involved in reasoning, 2)
the intuition-to-deliberation switch mechanism is triggered by a general
appraisal of a situation and 3) metacognitive experiences such as Feeling
of Rightness or Response Uncertainty may not motivate to deliberate per
se, but allow individuals to tailor the time and effort required by the task.

To be clear about the novelty of our proposition, we argue that distin-
guishing between uncertainty—conceptualised as a cognitive judgement
of a lack of information—and doubt—conceptualised as a negative emo-
tional response to a perceived incongruence in the organism-environment
interaction—would be theoretically valuable but methodologically chal-
lenging. Doubt emerges from an appraisal process and thus incorporates
elements of uncertainty, making a complete separation between uncer-
tainty and doubt difficult. Although physiological measures such as pup-
illometry (Purcell et al.,, 2023) and electrodermal activity (De Neys et al.,
2010) offer promising avenues, even with such tools, isolating the cognitive
component (uncertainty) from the emotional component (doubt) is difficult,
as the latter is predicated on the presence of the former. The present
work captured the emotional dimension using a self-report tool compa-
rable to previous measures (e.g., Feeling of Rightness, Thompson et al,,
2011; or Response Uncertainty, De Neys, 2022), but with a specific empha-
sis on emotion. Our findings indicate that self-reported doubt and con-
fusion—which can be taken as indices of uncertainty—are associated with
unpleasantness and state anxiety. Importantly, these results support the
relevance of using an appraisal-based framework over a purely metacog-
nitive one, as they can account for both the cognitive and the affective
dimensions of the monitoring of intuitions. Future research should aim to
confirm that high RU or low FOR scores (employing the same measures
as used in prior work) are associated with negative emotion.

A last point that we will discuss is the finding that the participants
who experienced the lowest level of doubt overall were those who were
either in the lower or in the higher range of accuracy. In contrast, partic-
ipants in the mid-range experienced higher levels of doubt. These findings
are consistent with current dual-process models, in that the most and
least accurate reasoners are likely not to have experienced much conflict
when solving conflicting problems because the strength of one intuition
(either the belief-driven or the logical one) would have greatly exceeded
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the strength of the other. In contrast, mid-range accuracy may reflect
stronger conflict between belief-driven and logical intuitions (Bago & De
Neys, 2017, 2019; De Neys, 2012; Raoelison et al., 2020, 2021; Thompson
et al, 2018). In addition, our results show that the ‘number of logical
responses’ is not an optimal measure of the use of deliberation, and they
add to the literature which challenges the notion that deliberation solely
serves a corrective function when intuition “goes wrong” (De Neys, 2022).
Deliberation appears to be relevant mostly in situations where intuition
does not generate a straightforward response.

Our data are also consistent with the idea that the level of doubt is
related to the depth of deliberation. Accordingly, weak doubt may be
related to more superficial strategies of deliberation such as rationalisation,
which aims at confirming why one’s intuition is an appropriate response
to a given problem. In contrast, strong doubt may be related to a deeper
and more analytical form of deliberation, decoupling, which aims at chal-
lenging, and possibly disconfirming, an intuition. Although tentative, this
interpretation of the present data is consistent with current models
(Pennycook et al., 2015). It is also consistent with the idea that deliberation
is not a unique process but may instead encompass several alternative
mechanisms, such as rationalisation and decoupling.

In this vein, the present model of aversive doubt (Cortial et al.,, 2025)
posits that, beyond cognitive abilities and mindware, an individual’s capac-
ity for emotional regulation—along with their distinctive way of experi-
encing emotions to varying degrees—may significantly influence their
engagement in deliberation. Specifically, individuals who are prone to
feeling overwhelmed by negative emotions, or who exhibit a marked
intolerance towards them, are likely to experience doubt differently and/
or to react to doubt differently. This variation in emotional processing is
expected to have direct consequences on the reliance on deliberation.

We now raise a few limitations of the present work. First, we defined
and measured doubt using only self-reports. Nevertheless, we note that our
findings about participants’ emotional state in situations of cognitive conflict
are consistent with physiological findings observed elsewhere (De Neys
et al, 2010; Purcell et al.,, 2023). Second, further studies may explore the
source of doubt. While in the present study the impact of complex deduc-
tive-reasoning problems on doubt may be (in part) attributable to the
conflict between logicality and believability, it may also be linked to a more
general appraisal of the situation. Third, we emphasise our awareness of
the limitations of our measure of doubt. This is one reason why the mea-
surement changes from Experiment 1 to Experiment 2. While this measure
allows us to establish that an emotional phenomenon is clearly involved in
the transition from intuition to deliberation, we do not claim to have fully
captured this phenomenon through our doubt scale. We therefore encourage
future studies to refine and improve this measurement.

Another limitation of our study, and of previous studies using similar
paradigms, is that we cannot ascertain that we have successfully isolated
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intuition from deliberation. However, even if deliberation was involved
to some extent in the first “fast” answer, this would not invalidate the
fact that doubt was found to be intimately linked to deliberation. A
final limitation is that we limited the study to deductive-reasoning syl-
logisms The results of the present study would have to be generalised
to other instances of complex/conflict reasoning problems. Examples of
such problems include base-rate neglect problems (Tversky & Kahneman,
1974) and bat-and-ball problems (Frederick, 2005). Other studies have
demonstrated that these types of problems also result in reduced con-
fidence in responses. It is thus likely that the findings of this study
would extant to other types of reasoning problems (Bago & De Neys,
2017; Biatek & De Neys, 2016; De Neys et al, 2008; Thompson &
Johnson, 2014).

In sum, the present findings substantiate the notion that an emotional
state of doubt is associated with intuitive failure and the trigger of delib-
eration. Doubt is characterised by two distinct attributes: a negative
valence and an origin embedded in the appraising of a discontinuous or
incoherent situation, such as in cognitive conflict. We propose that conflict
situations may elicit doubt, which itself prompts deliberation. The role of
deliberation would be to lift the negative emotional state of doubt. The
present findings place an emotional response at the centre of the process
involved in the switch from intuition to deliberation, and thereby at the
heart of dual-process models of reasoning. Our goal is not to reduce the
entire question of the triggering of deliberation to a matter of emotional
response, but rather to propose that the Appraisal framework should be
fully integrated to the field of human reasoning.
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