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Introduction: The impact of emotions on intuitive and analytical thinking has been widely studied. Most research suggests that 
negative emotions enhance analytical processing. However, there are studies indicating that the sense of certainty associated with 
disgust can stimulate intuitive processing. Despite these findings, the neuroelectrophysiological evidence supporting the role of disgust 
in promoting intuitive processing remains unexplored.
Methods: This study aimed to investigate the neuroelectrophysiological mechanisms by which disgust promotes intuitive processing. 
A total of 54 participants were recruited and randomly assigned to specific emotion groups. Emotional states were induced by exposing 
participants to disgust and fear videos designed to evoke specific dimensions of certainty and uncertainty. Event-related potentials 
(ERP) and the Cognitive Reflection Test (CRT) were utilized as experimental materials to measure participants’ responses.
Results: The results demonstrated that disgust facilitated intuitive thinking, as evidenced by the lowest accuracy in behavioral 
outcomes. ERP findings showed that disgust led to smaller N2 and larger P3b amplitudes under conditions of conflict. These results 
suggest that disgust reduces individuals’ conflict-detection ability, resulting in a stronger sense of certainty in intuitive but incorrect 
answers.
Conclusion: This study provides neuroelectrophysiological evidence that disgust enhances intuitive thinking. The findings offer 
a new perspective on the influence of emotions on dual-process thinking, highlighting the role of disgust in shaping intuitive and 
analytical thought processes.
Keywords: certain, uncertain, disgust, fear, dual-process theory, N2, P3b

Introduction
The Dual-process Theory (DPT) categorizes thought into two types: intuitive processing (Type 1), an unconscious, rapid, 
automatic process that does not require cognitive resources, and analytical processing (Type 2), a slower, controlled 
process that necessitates cognitive resources.1–3 These two processes interact, and many studies have explored how 
factors such as motivation and emotion affect analytical and intuitive thinking processes.

Numerous studies have explored the impact of emotions on decision-making.4–6 Research shows that people tend to 
engage in more analytical processing during negative emotional states, while positive emotion often lead to more 
intuitive thinking.7–10 In addition, scholars have proposed that the influence of emotions extends beyond happiness 
and sadness and should not be limited to positive and negative dimensions alone.11,12 According to the emotion appraisal 
theory, once triggered, an emotion can predispose individuals to evaluate future events based on key appraisal dimen-
sions, such as certainty, pleasantness, attentional focus, and control.13,14 This theory suggests that emotions involve 
a form of appraisal, with each type of emotion being regarded as a unique form of affective appraisal.15,16 Such 
appraisals, in turn, determine how people with a specific emotion make future judgment.11,14,17 In terms of certainty 
and uncertainty, emotions associated with certainty tend to promote judgments that align with future situations, 
influencing cognitive processes accordingly.18,19 This study focused on the dimensions of certainty and uncertainty in 
emotional appraisals.
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Disgust and fear are two common negative emotions experienced in daily life. Both are associated with threats and 
emotions that humans seek to eliminate or avoid,20 which scholars have classified as certain and uncertain emotions, 
respectively.21,22 Certainty refers to the extent to which individuals perceive a situation as predictable or unpredictable.23 

Past research found that high certainty and individual control are associated with disgust, whereas uncertainty and 
situational control are connected with fear.11,22 Disgust originates from the sensory organs of the body and serves as 
a defensive emotion.24 It enhances the parasympathetic response, lowers blood pressure and heart rate, and induces 
decreased respiration, manifesting as an associated inhibitory activity.25,26 This typical withdrawal response helps us 
avoid harmful stimuli, manifesting as a feeling of certainty in reaction to intuitive physiological cues.27,28 Emotions tied 
to certainty, such as disgust, anger, and contentment, lead to rapid and definitive reactions. Tiedens and Linton6 evoked 
disgust and fear to explore the influence of uncertainty on decision-making and found that disgust, as an emotion, 
promoted a stereotype dominated by intuitive processing. Additionally, similar to anger, when individuals experience 
disgust, they tend to strongly reject certain stimuli or ideas. This emotional response is typically rapid, clear, and 
characterized by a sense of certainty29,30. Briñol29 utilized various emotions associated with certainty and uncertainty to 
explore how emotions affect the thought validation process under different evaluative conditions. The findings revealed 
that when anger and disgust were elicited under conditions of confident evaluation, participants were more likely to rely 
on their pre-existing thoughts.

In contrast, fear stimulates sympathetic pathways that trigger the fight and flight responses. It conveys information 
about direct threat to survival while simultaneously increasing perception and attentional processing of specific stimuli.31 

Thus, an inevitably threatening message induces fear accompanied by a feeling of uncertainty. The emotions that 
accompany uncertainty include sadness, surprise, worry, and fear.19 Lerner and Keltner12 induced participants to feel 
anger or fear and found that their appraisals of certainty and control mediated the causal effects of fear and anger on 
optimism. Coget4 used film directors as participants to study expert intuitive decision-making and emotional intuitive 
decision-making through interview coding after shooting a movie and found that a moderate degree of fear can induce 
analytical thinking. Lu23 applied the Appraisal Tendency Framework to investigate the effects of anger and fear—both 
negative emotions differing in appraisals of certainty, responsibility, and control—on risk perception. The study found 
that the certain emotion of anger reduced individuals’ driving risk perception, whereas the uncertain emotion of fear 
increased driving risk perception.

In these studies, scholars explored the influence of emotion on dual processing by inducing corresponding 
emotions, assigning them to a task, and inferring the influence of emotion on dual processing from the results of 
this task. Few scholars have explored the impact of emotions on cognitive processes and their neuroelectrophysiolo-
gical mechanisms from the perspective of high temporal resolution ERP technology. The Cognitive Reflection Task 
(CRT)32 is a commonly used task in research on dual processing. Its ball-and-racket problems (A bat and a ball cost 
$1.10 in total. The bat costs $1.00 more than the ball. How much does the ball cost?) can easily lead individuals to fall 
into the trap of intuition and provide the wrong answer (0.1), while the correct answer (0.05) requires analytical 
processing and careful consideration (the correct answer of $0.05 is obtained by subtracting $1.00 from the total cost 
of $1.10 and then dividing by 2). De Neys33 noted that individuals are cognitively parsimonious, tending to use fast 
intuitive processing rather than more effortful deliberative thinking. By designing a controlled version of the CRT 
(which do not induce intuitive traps) and comparing them with standard CRT, De Neys found that individuals exhibited 
significantly lower confidence in their responses to the CRT than to the controlled CRT. Boissin34 research used CRT- 
like, adapting CRT into conflict and non-conflict problems. In the conflict conditions of CRT-like, we changed the 
expression but continued to use the calculation rules of balls and bats in CRT, which could also easily lead individuals 
into the trap of intuition. In this study, we used CRT-like as the experimental material and employed event-related 
potentials (ERP) to explore the impact of certain and uncertain emotions on dual processing. We hypothesized that fear 
would increase participants’ feeling of uncertainty, improve their conflict-detection ability, and thus improve CRT-like 
accuracy. Conversely, disgust may enhance participants’ intuitive thinking and increase the likelihood of obtaining the 
wrong answer intuitively.

In ERP studies of the dual process theory, Luo35 investigated how participants could overcome intuitive processing by 
providing guidance for analytical thinking. They discovered that the N2 component was induced by conditional 

https://doi.org/10.2147/PRBM.S471624                                                                                                                                                                                                                                

DovePress                                                                                                                         

Psychology Research and Behavior Management 2024:17 3710

Li et al                                                                                                                                                                 Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


reasoning, while the P300 component appeared during syllogistic reasoning.36 In addition, under conditional reasoning, 
Prado37 induced the N2 component when participants were asked to overcome matching information under intuitive 
processing. Banks and Hope38 reported similar results. The N2 component has also been detected in studies involving 
conditional reasoning39 and Wason selection tasks.40 Yin41 employed an Embedded Chinese Character Task (ECCT) 
combined with the dual-process theory, revealing N2 and P3b components under conflicting conditions. Bago42 found 
that, compared to non-conflict conditions, solving conflict problems induces large N2 and P3b amplitudes under time- 
limited response conditions, demonstrating the conflict between heuristic and logically intuitive answers. From the above 
studies, it can be concluded that the presence of N2 amplitude indicates the conflict-detection ability of analytical 
processing by inhibiting intuitive processing. The appearance of P3b indicates that, in the reasoning process, the 
participant’s expectation of the conclusion generated after reading the premise is consistent with the final conclusion 
presented, namely expectation satisfaction.43 Therefore, we predict that CRT-like will trap individuals in both intuitive 
errors and analytical correctness, as reflected in the N2 component representing conflict and in the P3b component 
presenting certainty and uncertainty. In addition, we hypothesize that disgust, as a certainty emotion, may reduce the 
sense of conflict, thereby decreasing the amplitude of N2 and providing a feeling of certainty, thereby enhancing the 
amplitude of P3b.

Materials and Methods
Participants
We utilized an effect size of f = 0.27 as an input parameter in G*Power44 (with Power = 0.80, alpha = 0.05) to estimate 
the required sample size necessary to detect a moderate effect on the primary outcome. The calculation indicated that 
a sample size of 39 participants is needed. Sixty college students (41 females, mean age = 22.62 ± 2.20 years) at the 
Shanghai Normal University voluntarily participated in the study. Participants came to the lab and were randomly 
assigned to different emotion groups. Due to the specific nature of the CRT, participants are prone to falling into intuitive 
traps, leading to a very low accuracy rate. Therefore, in the analysis of EEG data, to ensure that the ERP data under 
conflict conditions met the observation criteria, we excluded data from conflict conditions where the number of correct 
trials was fewer than 10.45 Finally, 54 participants (37 females, mean age = 22.48 ± 2.19 years old) were included in the 
analysis, including 18 in the disgust group, 19 in the fear group and 17 in the neutral group. All participants were right- 
handed with normal or corrected-to-normal vision and had no previous neurological/psychiatric history. The participants 
provided written informed consent and were paid for their participation. The study was conducted in accordance with the 
Declaration of Helsinki46 and was approved by the Ethics Committee of Shanghai Normal University (Ethical Approval 
Number: 2023–088). Participants were compensated with 50 RMB upon completion of the experiment.

Stimuli and Procedures
We use videos to induce emotions. Disgust is evoked using a scene from the film Trainspotting involving a disgusting toilet.47,48 

To induce fear, we used the scene of The Shining boy riding his bike in the hallway.49 We used video (BBC Planet Earth Seasonal 
Forests) as neutral emotional material.50 Then 18 participants were recruited (6 males, mean age = 25.69 ± 2.40) to rate arousal of 
the fear, disgust, pleasure and sense of certainty of three selected videos on a Likert scale from 1 (none) to 7 (strong). Table 1 
provides the means and standard deviations for these ratings. The disgust video elicited more certainty than did the fear video, t 
(31) = −3.46, p < 0.01, Cohen’s d = −1.24. And there was no significant difference in pleasure between the fear group and the 
disgust group, t(31) = −1.61, ps > 0.1, Cohen’s d = −0.58.

Table 1 The Rating Scores of the Three Video Materials (Mean ± SD)

Fear Disgust Pleasure Sense of Certainty

The shining 5.84 (0.91) 3.06 (0.97) 1.03 (0.17) 5.03 (1.61)
Trainspotting 2.06 (1.17) 6.15 (0.79) 1.03 (0.17) 6.25 (1.09)

BBC Planet Earth Seasonal Forests 1.06 (0.24) 1 (0) 3.06 (1.56) 4.78 (1.58)
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For CRT-like, we used the same conflict and non-conflict materials provided in Boissin et al.34 Under conflict 
conditions, an intuitive answer is usually incorrect and requires careful consideration to arrive at the correct answer. For 
example: Condition: A cheese and two breads cost a total of 2.8 dollars; a cheese is 2 dollars more expensive than two 
breads; Question: how much does a bread cost? Under non-conflict conditions, the answer can be obtained intuitively. 
For example: Condition: there are 260 kangaroos and peacocks in the zoo; there are 200 kangaroos; Question: How 
many peacocks are there in the zoo? In addition, to prevent the participants from guessing our experimental purpose and 
producing a practice effect, we also set interference items: Condition: In an office, there are 150 pens and pencils in total. 
There are 100 pens. Question: How many kinds of stationery are there in the office? In the Supplementary Materials, we 
have provided 10 examples for each condition.

Before the formal experiment, we recruited 19 college students (3 males, mean age = 24.79 ± 2.75 years) to evaluate the 
time need to read the questions. First, we presented the condition stem (A bat and two balls cost $2.60 in total. The bat costs 
$2 more than the two balls). and asked the participants to press the spacebar on the keyboard immediately after they finished 
reading and understanding the question. Because Raoelison51 set a time limit of 7000 ms to ensure that participants could 
read a question completely, we set the time limitation for this screen at 7000 ms. Then, the questions and answers (How 
much does one ball cost? 0.3/0.15) were presented, and participants were instructed to choose the correct answer. In this 
part of the experiment, we just calculated the reaction time for the two screens. The results indicated that participants 
needed, on average, 5187.56 ms (SD = 1004.16) to read and comprehend the question stem, and they needed 1648.08 ms 
(SD = 451.80) to read the problem and click on a response option. Hence, to ensure that most of the participants fully 
understood the question, the presentation time for the condition stem was set to 5200 ms, and the time for the question was 
set to 1500 ms in the formal experiment. The experimental flowchart is shown in Figure 1.

PsychoPy (Psychology Software Tools, Inc., https://www.psychopy.org/) was used for programming and behavioral 
data collection. The experiment was conducted on a Lenovo desktop computer with a resolution of 1920×1080 and 
a refresh rate of 60 hz. Upon arrival at the lab, participants filled out The Positive and Negative Affect Scale (PANAS)52 

to control their pre-test emotional state. The participants were then randomly assigned to either disgust, fear or neutral 
groups. After fully understanding the instructions, the practice experiment was conducted, and then the formal experi-
ment was started by watching different types of video stimuli. The experiment consisted of two blocks, each with 60 
trials of conflict stimuli, 60 trials of non-conflict stimuli, and 30 trials of interference stimuli. The experiment was 
conducted in a closed and undisturbed room.

Electrophysiological Recording and Analysis
Continuous ERP data was recorded from 64 Ag/AgCl electrodes mounted within an elastic cap according to the extended 
international 10–20 system (NeuroScan Inc., Sterling, VA, USA). During recording, the GND electrode serving as the 
grounding electrode was placed at the center of the forehead, and all electrodes were referenced to CZ and re-referenced 
offline to linked mastoids. The vertical electrooculograms (EOGs) were acquired using a bipolar pair of electrodes 
positioned at the external ocular canthi, and vertical EOGs were recorded from electrodes placed 1 cm above and below 
the left eye. The EEG and EOG were digitized at 500 hz with a 0.01–100 hz bandpass with the NeuroScan Synamps2 
digital amplifier system (Neuroscan Labs, El Paso, TX, United States). The electrode impedances were kept below 5 kΩ.

MATLAB (R2022b), EEGLAB (v14.1.2),53 and ERPLAB (v8.0.0)54 were used for offline data analysis of the 
continuous EEG data. High-pass filtering (0.1 hz, 24 dB/octave) and low-pass filtering (30 hz, 12 dB/octave) were 
performed on continuous EEG data,55 and ocular artifacts were corrected using independent component analysis (ICA).56 

EEG epochs that were time-locked to CRT-like question onset were extracted using a 1200-ms window-analysis time 

Figure 1 Experiment Flow Diagram.
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(200 ms pre-stimulus until 1000 ms post-stimulus) and baseline-corrected according to a 200 ms window before question 
onset. Artifacts (activity exceeding ± 100 μV) were rejected from the analysis by simple voltage threshold in ERPLAB 
(v7.0.0).57 Epochs were removed from data analysis by the simple voltage threshold function if residual artifact activity 
exceeded ± 80 μV.58 All EEG analyses were performed in the corrected trials.

For the behavioral data, a 2 * 3 mixed repeated-measure analyses of variance (ANOVAs) with between-subject and 
within-subject variables: conflict (levels: conflict, non-conflict) and emotional group (levels: disgust, fear, neutral) were 
conducted.

For the ERP data, according to the group level ERP activity and previous ERP studies investigating dual-process 
thinking,41,59 we identified 2 dominant ERPs: N2 and P3. N2 were defined as the negative deflections over the fronto- 
central area within 260 to 360 ms after target presentation. P3 was defined as the positive-going deflection within 300 to 
600 ms after target presentation, with a maximal distribution over the centro-parietal region. For each participant and 
condition, the mean amplitudes of the N2 component were calculated at electrode sites FCz, FC1 and FC2 in the time 
range of 300–360 ms because it has a frontal–central distribution.60 The mean amplitudes of the P3b component were 
calculated at electrode sites FC1, FC2, FCz, C1, C2, Cz, CP1, CP2, and CPz in the time range of 360–420 ms because it 
has the central-parietal distribution.61,62 ANOVA were conducted for the mean amplitude of the N2 and p3b component 
with material category (levels: conflict, non-conflict) and emotions of different certainty group (levels: disgust-certain, 
fear-uncertain, neutral). We applied a Bonferroni correction for multiple comparisons.

Result
Behavioral results
We used F-test to analyze The Positive and Negative scores before the experiment, and found that there was no 
significant difference in the scores of the three groups of subjects before watching the movie, Fpositive(2, 53) = 1.502, 
ppositive = 0.232, Fnegative(2, 53) = 0.725, pnegative = 0.489.

The behavioral performance (mean reaction time and average correct rate) for three emotional groups are shown in 
Figure 2. Mixed repeated-measure analyses of variance showed a significant main effect for conflict condition on both 
accuracy [F(1, 51) = 60.702, p < 0.001, ɳ2

p = 0.543] and reaction time [F(1, 51) = 5.748, p = 0.020, ɳ2
p = 0.101]. The 

main effect of emotion showed marginal significance in accuracy [F(2, 51) = 2.580, p = 0.086, ɳ2
p = 0.092], the pairwise 

comparison showed that the disgust group had a higher accuracy than the fear group (p = 0.084, mean = 0.074), and no 
significant difference in response time [F(2, 51) = 0.961, p = 0.386, ɳ2

p = 0.036]. There was no significant difference in 

Figure 2 The accuracy of three emotional groups. 
Notes: ***p < 0.001, **p < 0.01,*p < 0.05.
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the interaction of emotion and conflict conditions in both accuracy and response time [Faccuracy(2, 51) = 1.036, p = 0.362, 
ɳ2

p = 0.039, Fresponse time(2, 51) = 0.403, p = 0.670, ɳ2
p = 0.016]. The descriptive statistical results are shown in Figure 2.

ERP Results
N2 Component
Only correctly solved trials are included in N2 and P3b analysis.

The mixed repeated-measure ANOVA analyzed of the N2 component in the 300–360 ms time window revealed 
a significant main effect of conflict condition [F(1, 51) = 4.779, p = 0.033, ɳ2

p = 0.86] and an insignificant difference in the 
emotional group [F(1, 51) = 1.939, p = 0.154, ɳ2

p = 0.071]. There was a significant interaction between conflict condition and 
emotion [F(2, 51) = 4.816, p = 0.012, ɳ2

p = 0.159]. Simple effect analysis found that the N2 amplitude of disgust was margin 
significantly higher than that of fear (p = 0.072, mean = 2.961), and neutral group (p = 0.074, mean = 3.036), and an 
insignificant difference between fear and neutral group (p > 0.1, mean = 0.075) under the conflict condition. Under non- 
conflict conditions, there were no significant differences in the N2 amplitude among the three emotion groups (disgust-fear: 
p > 0.1, mean = 1.383, disgust-neutral: p > 0.1, mean = 0.638, fear-mean: p > 0.1, mean = 0.745).

P3b Component
There was a significant main effect of conflict condition [F(1, 51) = 5.175, p = 0.027, ɳ2

p = 0.092], and a significant main 
effect for the emotional group [F(2, 51) = 5.197, p = 0.09, ɳ2

p = 0.169]. Additionally, there was a significant interaction 
between conflict and emotion groups [F(2, 51) = 4.512, p = 0.016, ɳ2

p= 0.150]. The simple main effects analysis 
suggested that the P3b amplitude of disgust group was larger than fear group (p = 0.014, mean = 3.260) and neutral group 
(p = 0.018, mean = 3.238), an insignificant difference between fear and neutral group (p > 0.1, mean = 0.022) under the 
conflict condition. Under non-conflict conditions, the P3b amplitude of the disgust group was significantly higher than 
that of the fear group (p = 0.021, mean = 2.445), but there were no significant differences between the disgust and neutral 
group (p > 0.1, mean = 0.776) or between the fear and neutral group (p > 0.1, mean = 1.669). Figures 3 and 4 show the 
waveform and topographic maps of N2 and P3b.

Discussion
The purpose of the present study was to explore the influence of certain and uncertain emotions on dual processing and to 
determine the neuroelectrophysiological mechanism of emotion on dual processing. To do this, we employed Event- 
related potentials (ERP) and compared participants with aversion related to certainty and fear of uncertainty, using 
a neutral group as a control. The results were consistent with studies examining the impact of different emotions 
distinguished on the appraisal dimension.

Figure 3 Waveform and topographic maps of N2 amplitude in three emotional groups.
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From the behavioral results, it can be seen that disgust, as a certain emotion, has the lowest accuracy rate. In contrast, 
the fear group, as an uncertain emotion, has the best accuracy performance relative to the disgust group and the neutral 
group. Bollon and Bagneux63 evaluated emotions using uncertainty and explored its impact on the Iowa Gambling Task 
(IGT). He assumed that deliberative processing does not lead to optimal conclusions in complex decision-making tasks 
with large amounts of information. The results showed that relative to uncertain emotions, disgust as a certain emotion 
promoted individuals to make optimal decisions. In other words, disgust promotes intuitive thinking, which is consistent 
with our results. Purcell64 utilized eye-tracking and found greater visual uncertainty in the heuristic answers of the 
Cognitive Reflection Test (CRT) by comparing confidence ratings and eye-movements between heuristic lure and 
correct-no lure trials. Fink-Lamotte65 employed a dot-probe paradigm combined with eye-tracking technology to 
investigate individuals’ visual exploration and avoidance behaviors when confronted with disgust and fear stimuli. 
The results showed that although participants exhibited a longer attentional bias toward disgust stimuli, their accuracy in 
answering detail-related questions about disgust images was lower compared to fear images. Furthermore, they reported 
higher confidence in their responses to the detail questions related to disgust stimuli. In psychopathology, disgust is 
strongly associated with obsessive-compulsive disorder (OCD). Fink66 further distinguishes between high and low 
disgust sensitivity and explores attentional biases related to fear and disgust using a visual search task, particularly 
focusing on how these biases manifest in individuals with OCD. The study found that patients with high levels of disgust 
traits exhibited better memory for disgusting stimuli, but their confidence or certainty was reduced. This finding does not 
contradict our results. Disgust is a highly defensive emotion, prompting individuals to quickly engage in avoidance 
responses to reach a defensive state, which may explain their better memory for disgust-related stimuli. However, the 
rapid response might leave fewer cognitive resources available for detailed analytical processing, potentially leading to 
reduced confidence. Importantly, the certainty in the rapid avoidance reaction remains intact, indicating that individuals 
are confident in their intuitive processing. From this perspective, the results are consistent with our findings. Similarly, 
Fink-Lamotte67 assessed the impact of disgust and fear on attentional processing using an emotional go/no-go task, 
finding that individuals with higher disgust proneness exhibited faster and stronger urgency responses to disgust stimuli. 
Overall, our results are consistent with previous findings. Although disgust is a negative emotion, it functions as a highly 
certain emotion that facilitates intuitive processing in individuals.5,6,68

Consistent with our prediction, a large N2 amplitude was observed under CRT-like conflict conditions. N2 is 
a representative component of conflict detection,39,43 and disgust reduces the amplitude of N2 under conflict conditions. 
This observation may be related to characteristics of disgust. Scholars have shown that disgust elicits an early attention- 
avoidance effect69 that can quickly inhibit attention and redirect attention to its location through a top-down control 
mechanism.70 It is manifested as a reduction in the amplitude of the N2. In addition, it may also be related to the 
shocking feeling of certainty that disgust brings to participants. Studies have shown that individuals with depression tend 

Figure 4 Waveform and topographic maps of P3b amplitude in three emotional groups.
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to adopt more systematic problem-solving approaches due to reduced confidence in their judgments.71 Therefore, based 
on previous research and in conjunction with our results, it can be understood that a sense of certainty may increase an 
individual’s confidence, reduce the conflict detection process, and manifest as a decrease in N2. On the other hand, the 
certainty of disgust may make the individual certain that the conflict in the task does indeed exist, thereby using fewer 
cognitive resources to process the conflict.

Studies have shown that the presence of the P3b component indicates a consistent association with the attentional 
processing of target stimulus events.61,72 When an incorrect answer based on intuition is presented, disgust encourages 
participants to perceive that the intuitively incorrect answer better matches the answer presented on the screen, resulting 
in a larger P3b component. According to our results, disgust enhanced the match between an individual’s intuitively 
wrong answer and the answer presented in the experimental task. This supports the finding that P3b is associated with 
a stronger feeling of certainty.73,74 Yin41 found differences in N2 and P3b between intuition questions, but not in 
analytical questions. This result is also confirmed by our findings: the disgust condition induces a larger P3b amplitude, 
biasing individuals towards intuitive processing. From a theoretical perspective, the Uncertainty Management Theory 
proposed by Van den Bos75 posits that uncertainty leads individuals to doubt themselves, resulting in decreased self- 
awareness and a lack of security. To mitigate this discomfort and threat, individuals exhibit strong motivation or behavior 
to reduce this uncertainty, manifesting as a strong need for controllability.75 In this context, disgust, as a certain emotion, 
reduces the perceived uncertainty threat, leading to greater self-certainty and a stronger P3b response.

Over the years, most research on the influence of emotion on decision-making and thinking has focused on decision- 
making tasks, and few studies have directly discussed the influence of emotion on the time course of the dual processing 
domain of thinking. In this study, the classical dual-processing task CRT-like was used as EEG research material for the 
first time to explore the influence of emotion on dual processing from the perspectives of emotional certainty and 
uncertainty. It was found that fear of uncertainty promoted analytical processing and improved task performance, while 
disgust with certainty increased the certainty of responses, promoted intuitive processing, decreased the amplitude of N2 
with conflict, and increased the amplitude of P3b. In addition, emotion-cognition interactions are complex, and future 
research could strip away emotions and feelings of uncertainty to further validate the effects of certainty and uncertainty 
on dual processing. Alternatively, emotions and the feelings of certainty and uncertainty brought by emotions are 
controlled separately to explore how the two works in the double processing process, which is also of progress 
significance to the process of uncertain decision making. From an alternative perspective, the sense of certainty elicited 
by disgust may reflect an individual’s clear rejection and avoidance of specific stimuli. In psychopathology, this sense of 
certainty may be excessively amplified or distorted, contributing to the emergence of certain symptoms. For instance, 
individuals with obsessive-compulsive disorder (OCD) may experience intense disgust towards certain thoughts or 
behaviors, leading to compulsive actions aimed at alleviating this disgust.76 Thus, future research could integrate 
neuroscience, psychology, and psychopathology to explore the relationship between the certainty brought by disgust 
and various mental disorders. Such interdisciplinary studies could provide a more comprehensive understanding of the 
role of disgust in different pathological conditions.

Limitations
Several limitations of current study should be acknowledged. Firstly, the insufficient sample size may be a major 
limitation of this study. In addition, this study did not consider the impact of different thinking styles on the influence of 
certain and uncertain emotions on the thinking process, which could make our results more directional. Future research 
could appropriately increase the sample size, control for individual differences in thinking tendencies as an additional 
control variable and use a different emotion with the same valence but different certainty for replication studies.
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