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Aims 

Uncertainty over the outcome of future events is common in everyday life. Despite the 
relevance of uncertainty in our day to day lives, very little is understood about how 
uncertainty elicits and/or modulates emotional states and associated bodily responses. To 
address this gap in the literature, the study used two experiments to examine: (1) whether 
uncertainty is inherently aversive or whether uncertainty elicits a wider array of emotional 
states and associated bodily responses, and (2) whether uncertainty is a modulator 
(i.e.intensifies/dampens) of emotional states and associated bodily responses. 
 

Method: Experiment 1 
The methods reported here are identical as in Morriss et al., (2022; 2023).  
 
Participants 
A total of 231 participants responded to the online survey (M age = 28.92 years, SD = 12.47; 
172 Female, 47 Male, 8 Other, 4 Unknown/Not specified; Sexual Orientation: 167 
Heterosexual, 43 LGBTQ+, 21 Unknown/Not specified; Ethnicity: 152 White, 25 Asian, 15 
Black/African/Caribbean, 12 Latinx, 5 Middle Eastern, 4 multi-ethnic, 1 other, 17 
Unknown/Not specified; Nationality: 105 European, 85 North American, 16 Asian, 5 South 
American, 3 African, 2 Australasian, 15 Unknown/Not specified).  Participants were recruited 
via poster advertisements distributed across various social media platforms, such as Twitter 
and Instagram, alongside several Facebook pages, including local community groups, 
research-related communities, and groups featuring psychology/health topics. Participants 
were eligible to take part in the survey provided they were 18 years or older. Sensitive 
information concerning past or present experience of mental health conditions (i.e., anxiety, 
depression) was not obtained, or controlled for, in the current sample. Participation was 
voluntary and all participants provided virtual informed consent prior to accessing the online 
survey. No incentives were offered, nor were individuals remunerated for their participation. 
The study procedure was approved by the University of Reading Research Ethics 
Committee. 
 
Instruments/Measures 
Uncertainty and Emotion Questionnaire  
We developed a novel questionnaire to examine the interplay between uncertainty and a 
range of emotional experiences. The uncertainty and emotion questionnaire comprised 14 
questions in total which asked participants to indicate the following: emotions they commonly 
associate with different parameters of uncertainty, behaviours used to manage uncertainty in 
daily life (not reported here), the degree to which encountering uncertainty in daily life 
modulates the self-reported intensity of existing emotional states, and to provide brief, 
written descriptions of specific situations that have previously evoked negative and positive 
emotions (not reported here). The questions relevant to the current study are summarised in 
further detail below. 
 
Emotions Associated with Different Parameters of Uncertainty. Five questions were 
designed to examine the reported frequency of discrete positive and negative emotions in 
relation to five distinct uncertainty parameters.  Participants could select one or more of the 
following emotion categories in response to each of the five questions: happiness/joyful, 
sadness/upset, fearful/anxious, disgusted, angry/frustrated, surprised/interested, 
excited/enthusiastic, and confused. The option ‘other, please specify’ was provided to give 
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participants the opportunity to disclose any other relevant emotions that were not covered by 
the eight existing emotion categories.  
 The first question asked participants to indicate the emotions they commonly 
associated with ‘uncertainty generally’. The following two questions specifically focused on 
uncertainty in relation to the valence of the potential outcomes, with one question asking 
participants to indicate the emotions they commonly associated with ‘uncertainty in relation 
to potentially negative outcomes (i.e., exam situations, job applications)’ and the other 
referring to ‘uncertainty in relation to potentially positive outcomes (i.e., exam situations, job 
applications)’. Given that the focus is on the differing valence of the potential outcome 
(negative versus positive), both questions made reference to the same example situations to 
keep the context consistent. The final two questions asked participants to select the 
emotions they commonly associated with uncertainty in relation to the sub-parameters of risk 
and ambiguity respectively. The sub-parameter of risk was phrased as ‘uncertainty when you 
can predict the possible outcomes’ with the example ‘i.e., in a job application, you know that 
you will either be successful or unsuccessful’. Conversely, the sub-parameter of ambiguity 
was phrased as ‘uncertainty when you can’t predict the possible outcomes because there 
are many potential outcomes’ with the example ‘i.e., your employer is considering merging 
departments, potentially resulting in a change of contract type, new role, promotion, or 
redundancy’.   
 
Uncertainty as a Modulator of Existing Emotional States. Six questions were designed to 
assess the modulatory impact of uncertainty on the experience of six existing emotional 
states in daily life. Participants were asked to indicate the degree to which encountering 
uncertainty would impact the intensity of an existing emotional state on a 5-point Likert scale 
(1 = weaker, 5 = stronger). Example item: “If you were feeling sad/upset would encountering 
uncertainty in your day to day life make this emotional state…”. The six discrete emotion 
categories were: happy/joyful, sad/upset, fearful/anxious, disgusted, angry/frustrated, and 
excited/enthusiastic.  
 For this study, the Cronbach’s Alpha for the positive questions combined 
(happy/joyful and excited/enthusiastic) was α = .73 and for the negative questions combined 
(sad/upset, fearful/anxious, disgusted, angry/frustrated) was α = .87.  
 
The Intolerance of Uncertainty Scale-12 (IUS-12) 
The Intolerance of Uncertainty Scale-12 measures reactions towards encountering 
uncertainty, situations that are ambiguous and future events (Carleton et al., 2007). 12 items 
are scored on a 5-point Likert Scale where 1 = “Not at all characteristic of me” and 5 = 
“Entirely characteristic of me”, with the higher scores indicating higher levels of intolerance of 
uncertainty. An example item would be: “Unforeseen events upset me greatly”. Descriptive 
statistics for this sample: IUS-12 (M = 34.74, SD = 10.68). Cronbach’s alpha for all questions 
on the IUS-12 was α = 0.91. 
 
Mini Mood and Anxiety Questionnaire (Mini-MASQ) 
The Mini-MASQ is used to assess current symptoms of depression and anxiety, and 
contains a list of possible feelings, sensations, and experiences (Casillas & Clark, 2000). It 
consists of 26 items (Example item: “Felt really happy”) scored on a 5-point scale from 1 = 
“Not at all” to 5 = “Extremely”, where users indicate which number best describes their 
experience of the past week. Descriptive statistics for this sample: Mini-MASQ total (M = 
62.11, SD = 18.31); General Distress (M = 20.43, SD = 8.50), Anxious Arousal (M = 17.33, 
SD = 7.63), and Anhedonic Depression (M = 24.35, SD = 6.91). Cronbach’s alpha for the 
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total score on the Mini-MASQ was α = 0.92 and on the sub-scales; general distress was α = 
0.92 (8 items), anxious arousal was α = 0.88 (10 items), and anhedonic depression was α = 
0.85 (8 items). 
 
Procedure 
Participants responded to an online study advertisement via various social media platforms 
(i.e., Facebook, Twitter, Instagram) and followed a secure link that led them to the online 
survey hosted on Jisc Online Survey (https://www.onlinesurveys.ac.uk/). Following a brief 
description of the study, participants who provided consent first responded to initial 
demographic questions, including: date of birth, gender identity, ethnicity, nationality and 
sexual orientation. This was followed by the completion of 14 questions that comprised the 
uncertainty and emotion questionnaire. Finally, participants completed two other self-report 
questionnaires concerning uncertainty and mood as part of the online survey. The 
questionnaires and questionnaire items followed the same order for all participants. The 
survey took approximately 20 minutes to complete. 
 
 

Results: Experiment 1 
 

Main Analyses 
Statistical tests were conducted using SPSS 27.0 (SPSS, Inc; Chicago, Illinois). In relation to 
emotions commonly associated with the five parameters of uncertainty, responses to each of 
the nine emotion categories (including ‘other’) were coded either with a ‘1’ (‘yes’) if the 
participant indicated the experience of this particular emotion, or ‘0’ (‘no’) if they did not 
select this emotion category. The total frequency of each emotion was calculated by the sum 
of ‘1’ (‘yes’) responses across participants for each uncertainty parameter. We opted to only 
include the eight discrete emotion categories in the main analyses given that the ‘other’ 
emotion category was not found to be used often across the five uncertainty parameters and 
participant responses occasionally described similar or equivalent emotions to those already 
provided as an option. 

Given the binary nature of the emotion outcome variable (0 or 1), differences in the 
frequency of reported emotions were assessed using Cochran’s Q tests, a non-parametric 
equivalent to the repeated-measures ANOVA.  In the instance of a significant main effect, 
post-hoc comparisons were conducted using pairwise McNemar’s tests. The Bonferroni-
Holm correction, a powerful sequentially rejective multiple testing procedure that strongly 
controls the family wise error rate, was applied to the McNemar pairwise tests to account for 
multiple comparisons. Effect sizes for Cochran Q tests were estimated using the chance-
corrected measure (‘R’).  

Furthermore, we employed a non-parametric Friedman test to examine whether 
uncertainty modulates (intensifies or dampens) the self-reported intensity of existing 
emotional states. Follow-up, pairwise Wilcoxon signed rank tests with associated Bonferroni-
Holm corrections were conducted to identify significant differences between specific 
emotions pairs that contributed to the overall significant main effect. Effect sizes were 
estimated using Kendall’s Coefficient of Concordance ‘W’ for the Friedman test, and the 
correlation ‘r’ for pairwise Wilcoxon tests.  
 
Individual Differences Analyses 
Statistical analyses were performed using RStudio version 4.1.1 (RStudio, PBC). Due to the 
ordinal nature of the Uncertainty and Emotion questionnaire, non-parametric Spearman 
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Rank Correlational tests were used to determine the strength and direction of the 
relationship between the IUS-12 and negative and positive emotional states. To ensure that 
any significant relationships between the IUS-12 and the negative and positive emotional 
states were specific to the IUS-12 and not generally related to tendencies to experience 
anxiety and depression symptoms, partial non-parametric Spearman Rank Correlations were 
conducted between the IUS-12 and negative and positive emotional states, while controlling 
for the total and sub-scale scores on the Mini-MASQ separately. 
 
Descriptive Statistics 
The reported frequencies of the eight emotion categories across the five uncertainty 
parameters are presented in Table 1. For the descriptive statistics of the self-reported intensity 
ratings across the six emotional states in relation to uncertainty, please refer to Table 2.   

 

 
Emotions Associated with General Uncertainty 
Overall, there was a statistically significant difference in the reported frequency with which 
emotions were associated with general uncertainty (χ2(7)=573.45, p<.001, R = 0.31). As 
anticipated, follow-up pairwise McNemar tests revealed that fearful/anxious was significantly 
more frequently selected than the remaining seven emotions following Bonferroni-Holm 
correction for multiple comparisons (p<.001). Broadly, more negative relative to positive 
emotions were frequently associated with general uncertainty, including the confused and 
angry/frustrated emotion categories, which exhibited a statistically significant difference from 
one another (p<.001, Bonferroni-Holm corrected). All other emotions were found to be 
significantly different from one another, with the exception of the following emotion pairs that 
did not survive Bonferroni-Holm correction: angry/frustrated - sadness/upset (p>.05), 
sadness/upset - surprised/interested (p>.05), disgusted – happiness/joyful (p>.05), and 
angry/frustrated – surprised/interested (p>.05).  

Table 1. 
Total Frequencies of Emotions Reported Across the Five Uncertainty Parameters  
 General 

Uncertainty 
Uncertainty 
(Negative 

Outcomes) 

Uncertainty 
(Positive 

Outcomes) 

Uncertainty 
(Outcomes 

Can Be 
Predicted - 

Risk) 

Uncertainty 
(Outcomes 
Cannot Be 
Predicted - 
Ambiguity) 

Emotion N N N N N 

Angry/Frustrated 87 106 10 21 96 

Confused 137 77 27 29 96 

Disgusted 5 14 1 5 10 

Excited/Enthusiastic 32 10 164 121 36 

Fearful/Anxious 196 202 87 128 197 

Happiness/Joyful 15 2 102 60 9 

Sadness/Upset 82 114 8 20 71 

Surprised/Interested 61 15 121 59 47 

 
Total Frequency 

 
615 

 
540 

 

 
520 

 

 
443 

 

 
562 
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Emotions Associated with Uncertainty in Relation to Negative Outcomes 
There was an overall significant difference in the reported frequency of emotions associated 
with uncertainty in relation to negative outcomes (χ2(7)=713.02, p<.001, R=0.39). As 
hypothesised, post-hoc, pairwise McNemar tests identified fearful/anxious to be the most 
frequently reported emotion, which was also significantly different from the seven remaining 
emotion categories following Bonferroni-Holm correction for multiple comparisons (p<.001). 
Other negative emotions that were frequently reported for this particular parameter of 
uncertainty were sadness/upset and angry/frustrated, which did not demonstrate a statistically 
significant difference from one another (p>.05, Bonferroni-Holm corrected). All other emotion 
categories were significantly different from one another, with the exception of the following 
emotion pairs that did not survive Bonferroni-Holm correction: disgusted – excited/enthusiastic 
(p>.05), disgusted – surprised/interested (p>.05), excited/enthusiastic – surprised/interested 
(p>.05), and excited/enthusiastic – happiness/joyful (p>.05).  
 
Emotions Associated with Uncertainty in Relation to Positive Outcomes 
There was an overall significant difference in the reported frequency of emotions associated 
with uncertainty in relation to positive outcomes (χ2(7)=542.15, p<.001, R =0.31). Post-hoc, 
pairwise McNemar tests revealed excited/enthusiastic to be significantly more frequently 
selected relative to the remaining seven emotion categories after Bonferroni-Holm correction 
for multiple comparisons (p<.001). Contrary to our hypothesis, uncertainty in relation to 
positive outcomes primarily elicited the other positive emotion categories, surprised/interested 
and happiness/joyful, which were not significantly different from one another (p>.05, 
Bonferroni-Holm correction). All other emotions demonstrated a statistically significant 
difference from one another, with the exception of the following emotion pairs that did not 
survive Bonferroni-Holm correction: angry/frustrated – sadness/upset (p>.05), fearful/anxious 
– happiness/joyful (p>.05), disgusted – sadness/upset (p>.05), and disgusted – 
angry/frustrated (p>.05). 
 
Emotions Associated with the Uncertainty Sub Parameter of Risk 
Overall, there was a statistically significant difference in the reported frequency of emotions in 
relation to the uncertainty sub parameter of risk (χ2(7)=363.70, p<.001, R =0.19). Interestingly, 
both fearful/anxious and excited/enthusiastic were the most frequently reported emotions and 
there was no significant difference in their reported frequency following Bonferroni-Holm 
correction for multiple comparisons (p>.05). All other emotions demonstrated significant 
differences from one another, with the exception of the following emotion pairs that did not 
survive Bonferroni-Holm correction: angry/frustrated – confused (p>.05), angry/frustrated – 
sadness/upset (p>.05), confused – sadness/upset (p>.05), and happiness/joyful – 
surprised/interested (p>.05). 
 
Emotions Associated with the Uncertainty Sub Parameter of Ambiguity 
There was an overall significant difference in the reported frequency of emotions with respect 
to the uncertainty sub parameter of ambiguity (χ2(7)=544.93, p<.001, R= 0.29). 
Fearful/anxious was the most frequently reported emotion and demonstrated statistically 
significant differences from the other emotion categories following Bonferroni-Holm correction 
for multiple comparisons (p<.001). Angry/frustrated and confused were also frequently 
reported negative emotion categories, which were not found to be significantly different from 
one another (p>.05, Bonferroni-Holm corrected). All other emotion types exhibited statistically 
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significant differences from one another, with the exception of the following emotion pairs that 
did not survive Bonferroni-Holm correction: disgusted – happiness/joyful (p>.05), 
excited/enthusiastic – surprised/interested (p>.05), and sadness/upset – surprised/interested 
(p>.05).  

 
Uncertainty as a Modulator of Existing Emotional States 
A non-parametric Friedman test was employed to examine the modulatory influence of 
uncertainty on the self-reported intensity ratings of six emotional states. Overall, there was a 
statistically significant difference in the self-reported intensity ratings between the six 
emotional states (χ2(5)=277.44, p<.001, W=0.24). Post-hoc Wilcoxon signed rank tests 
revealed that upon imagining encountering uncertainty in daily life, fearful/anxious (Mdn = 4.0), 
angry/frustrated (Mdn = 4.0) and sadness/upset (Mdn = 4.0) exhibited the strongest intensity 
ratings, suggesting that uncertainty generally increased the self-reported intensity of negative 
emotional states. Following Bonferroni-Holm correction for multiple comparisons, both 
fearful/anxious and sadness/upset exhibited a statistically significant difference in intensity 
rating (Z=-4.69, p<.001, r=-0.22), however, angry/frustrated was not found to demonstrate 
significant differences from fearful/anxious (Z=-1.90, p>.05, r=-0.09). The emotion with the 
lowest rating, indicating that uncertainty weakened the intensity of the emotion, was 
happiness/joyful, which exhibited statistically significant differences from all other emotions 
(p<.001, Bonferroni-Holm corrected). All other emotion pairs exhibited statistically significant 
differences from one another.  

 

 
IUS-12 and Emotions Associated with General Uncertainty 
As expected, under general uncertainty, higher scores on the IUS-12 were associated with 
higher frequencies of negative emotions, (r(229)=0.21, p<.01). The relationship between IUS-
12 and frequency of negative emotions remained significant after controlling for Mini-MASQ 
scores (r(228)=0.15, p<.05), anxious arousal (r(228)=0.15, p<.05), and anhedonic depression 
(r(228)=0.20, p<.01), but not general distress (r(228)=0.12, p>.05). Furthermore, in situations 
with general uncertainty, higher scores on the IUS-12 were associated with lower frequencies 
of positive emotions, (r(229)=-0.26, p<.01). This effect continued to be significant after 
controlling for scores on the Mini-MASQ (r(228)=-0.21, p<.01), general distress (r(228)=-0.20, 
p<.01), anxious arousal (r(228)=-0.25, p<.01), and anhedonic depression (r(228)=-0.23, 
p<.01). 
 
IUS-12 and Emotions Associated with Uncertain Situations with Potential Negative or 
Positive Outcomes 

Table 2.  
Descriptive Statistics (Mean, Standard Deviation and Median) for Self-Reported Emotion Intensity 
Ratings in Relation to Uncertainty 
Emotion Mean SD Median 

Angry/Frustrated 3.72 1.21 4.00 
Disgusted 3.06 0.93 3.00 
Fearful/Anxious 3.82 1.37 4.00 
Excited/Enthusiastic 2.68 1.14 3.00 
Happiness/Joyful 2.23 1.01 2.00 
Sadness/Upset 3.53 1.27 4.00 
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In uncertain situations with a potential negative outcome, IUS-12 was not significantly 
associated with the frequency of negative (r(229)=0.10, p>.05) or positive emotions  
(r(229)=0.002, p=.98). 

For uncertain situations with a potential positive outcome, higher scores on the IUS-
12 were significantly associated with higher frequencies of negative emotions (r(229)=0.15, 
p<.05). However this effect became non-significant when controlling for Mini-MASQ 
(r(228)=0.05, p>.05), general distress (r(228)=0.03, p>.05), anxious arousal (r(228)=0.08, 
p>.05), and anhedonic depression (r(228)=0.13, p>.05). In addition, for uncertain situations 
with a potential positive outcome, no significant relationship between IUS-12 and the 
frequency of positive emotions was observed (r(229)=-0.07, p>.05). 
 
IUS-12 and Emotions Associated with Risk  
During situations with risk, higher scores on the IUS-12 were significantly associated with 
higher frequencies of negative emotions (r(229)=0.25, p<.01). This remained significant after 
controlling for anxious arousal (r(228)=0.18, p<.01) and anhedonic depression (r(228)=0.22, 
p<.01). However, when controlling for total Mini-MASQ scores (r(228)=0.13, p>.05) and 
general distress (r(228)=0.11, p>.05) the relationship between IUS-12 and the frequency of 
negative emotions became non-significant.  

For situations with risk, higher scores on the IUS-12 were significantly associated with 
lower frequencies of positive emotions (r(229)=-0.25, p<.01). This remained significant after 
controlling for the Mini-MASQ (r(228)=-0.16, p<.05), general distress (r(228)=-0.16, p<.05), 
anxious arousal (r(228)=-0.23, p<.01), anhedonic depression (r(228)=-0.20, p<.01). 
 
IUS-12 and Emotions Associated with Ambiguity 
As expected, during ambiguity, higher scores on the IUS-12 were associated with a higher 
frequency of negative emotions (r(229)=0.24, p<.01). The relationship between IUS-12 and 
the frequency of negative emotions remained significant after controlling for Mini-MASQ 
(r(228)=0.21, p<.01), general distress (r(228)=0.19, p<.01), anxious arousal (r(228)=0.22, 
p<.01), and anhedonic depression (r(228)=0.23, p<.01). 

During ambiguity, higher scores on the IUS-12 were associated with smaller 
frequencies of positive emotions (r(229)=-0.24, p<.01). This relationship remained significant 
after controlling for the Mini-MASQ (r(228)=-0.22, p<.01), general distress (r(228)=-0.22, 
p<.01), anxious arousal (r(228)=-0.25, p<.01), and anhedonic depression (r(228)=-0.22, 
p<.01). 
 
IUS-12 as a Modulator of Emotions 
As predicted, higher scores on the IUS-12 were significantly associated with increasing the 
intensity of existing negative emotions when encountering uncertainty, (r(229)=0.22, p<.01). 
Notably, the effect of IUS-12 on negative emotions remained after controlling for the total Mini-
MASQ score (r(228)=0.14, p<.05), and the Mini-MASQ subscales of anxious arousal 
(r(228)=0.18, p<.01) and anhedonic depression (r(228)=0.18, p<.01). A similar pattern was 
also observed for the general distress subscale but it was not statistically significant 
(r(228)=0.13, p>.05). 

Furthermore, as expected higher scores on the IUS-12 were significantly associated 
with decreasing the intensity of existing positive emotions when encountering uncertainty, 
(r(229)= -0.22, p<.01). As above, the effect of IUS-12 on positive emotions remained after 
controlling for the total Mini-MASQ score (r(228)=-0.21, p<.01), and the Mini-MASQ subscales 
of general distress (r(228)=-0.20, p<.01), anxious arousal (r(228)=-0.22, p<.01), and 
anhedonic depression (r(228)=-0.21 p<.01). 
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Method: Experiment 2 

 
Participants 
The sample consisted of 71 participants (M age = 25.73 years, SD = 5.12; 38 Female, 32 
Male, 1 Not specified; Sexual Orientation: 54 Heterosexual,  12 LGBTQ+,  5 Unknown/Not 
specified; Ethnicity: 41 White, 13 Black, 9 Multi-ethnic, 4 Asian, 2 Middle Eastern, 1 Other, 1 
Not specified; Nationality: 53 European, 6 North American, 4 Middle Eastern, 3 Asian, 1 
South American, 1 Mult-nationality 1 Not specified)i. Participants were eligible to take part 
provided they were within the specified age range (18-41) and had access to a working 
webcam. Participant recruitment consisted of the dissemination of posters, published across 
the University of Reading and various social medial platforms (e.g., Facebook, Twitter, 
Instagram). Information regarding past and/or present psychopathology was not collected, 
nor controlled for. Although involvement was voluntary, participants were given a £10 
Amazon voucher as a reimbursement for their time. Note, participants were informed that 
they would receive a £5 Amazon voucher, plus to opportunity to win more contingent on task 
performance. However, irrespective of performance, all participants received a £10 Amazon 
voucher. Consent was acquired electronically prior to the commencement of the task. The 
study procedure was approved by the University of Reading Research Ethics Committee.   
 
 
Instruments/Measures 
Flanker Task 
A modified version of the Eriksen flanker task (Eriksen & Schultz, 1979) was built using 
jsPsych (de Leeuw, 2015). This task consisted of 240 trials in total, divided into 6 blocks of 
40 trials. Each block presented the opportunity to win or lose voucher money contingent on 
task performance, with an additional block offering no loss or gain. Each of these were 
delivered over two blocks, resulting in 80 trials per block condition. Block order was 
counterbalanced across participants. Participants were notified if they could win, lose or 
neither at the start of each block.   

During each trial, participants were presented with a central fixation cross for 500 ms, 
followed by five horizontal arrows, displayed for 800 ms. Participants were instructed to 
attend the central arrow, whilst ignoring the four adjacent flankers. When exposed to the 
arrow array, participants were asked to indicate the direction of the central arrow by pressing 
the corresponding arrow key on their keyboard i.e., press the left key for a left facing central 
arrow or press the right key for a right facing arrow. Each trial was either congruent or 
incongruent (120 trials were congruent; 120 trials were incongruent). For congruent, the 
flanking arrows all pointed in the same direction as the target arrow (e.g., < < < < <). For 
incongruent, the flanking arrows all pointed in the opposite direction (e.g., < < > < <). Within 
each array, arrows were equally sized and distanced.   

Once a response was selected, participants received performance feedback. This 
feedback was either certain (i.e., given legitimate feedback such as ‘correct’ or ‘incorrect’) or 
uncertain (i.e., they were given a ‘?’). These were split equally across the task (120 trials 
each).   

At the end of each block, participants were asked to rate Valence (1 = negative, 9 = 
positive), Arousal (1 = Calm, 9 = Excited) and felt emotions (excited, enthusiastic, happy, 
joyful, sad, upset, angry, frustrated, fearful and anxious). For felt emotions, participants were 
instructed to rate the intensity of each emotion category from 0 to 6 (e.g., 0 = not sad at all, 6 
= being very sad). 
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Eyetracking 
Eyetracking was recorded using WebGazer.js (Papoutsaki et al., 2016). Fixation count was 
calculated separately for the flanker and feedback stimuli by totalling the number of times a 
participant fixated within a region of interest surrounding the flanker and feedback stimuli.  
 
Questionnaires  
At the end of the task, participants were asked to complete the IUS-12 and Mini-MASQ. To 
reduce repetition please see descriptions of these questionnaires in experiment 1. 
Descriptive statistics for this sample: IUS-12 (M=32.63, SD=9.52); Mini-MASQ (M=51.87, 
SD=14.42). Cronbach’s alpha for all questions on the IUS-12 was α = .98 and the Mini-
MASQ was α = .8. 
 
Procedure 
All experimental phases were completed using a PC or laptop. Informed consent was 
obtained in the first instance, prior to start of task. Participants then received task 
instructions, see Flanker Task section for more details. Subsequently, participants were 
prompted to set-up their webcam and position themselves appropriately to enable eye-
tracking throughout. Once optimal, participants were exposed to the eye-tracking calibration, 
consisting of two phases. The first phase instructed participants to move their eyes to follow 
the location of a single black dot presented on screen, whilst clicking on the dot 
simultaneously. The second phase resembled the first, however, participants were required 
to follow the dot only, without clicking. Successful calibration led participants into the main 
Flanker Task. Note, an experimenter was present during task set-up to assist and answer 
any questions, however, exited prior to starting the Flanker Task. Once the task was 
completed, participants were given demographic questions (e.g., age, sexual orientation, 
ethnicity etc.) and questionnaires (see Questionnaires) to complete. The task, including set-
up, took approximately 30 minutes.   

 
Results: Experiment 2 

Analyses 
Statistical analyses were performed using RStudio version 4.1.1 (RStudio, PBC). In order to 
examine the effects of valence category (negative, positive, neutral) and feedback type 
(feedback, no feedback) on self-reported affect/emotions and task performance, 3 x 2 
ANOVAs were performed separately for valence ratings, arousal ratings, emotion ratings, 
reaction times (congruent, incongruent), accuracy (congruent, incongruent), and fixation 
count. 
 
Ratings 
No significant effects of valence category, feedback type or interaction was observed for the 
valence, arousal, and emotion ratings (Max F =2.61, p > .05). 
 
Reaction Time and Accuracy 
No significant effects of valence category, feedback type, trial type, or interaction was 
observed for reaction time (Max F =2.61, p > .05).  

For accuracy, a significant effect of valence category was observed for both 
congruent (F=4.48, p<.01) and incongruent (F=6.69, p<.001) trial types, where positive and 
negative blocks, compared to neutral blocks resulted in higher accuracy (p’s <. 05). For 
accuracy, a significant effect of feedback type emerged for incongruent trial types (F=5.57, 
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p<.01), where blocks with feedback versus no feedback resulted in higher accuracy (p<.01). 
No other significant effects were observed for accuracy (Max F =1.09, p > .05).  
 
Fixation Count 
No significant effects of valence category, feedback type or interaction was observed (Max F 
=.168, p > .05). 

 
Discussion 

The findings from experiment 1 provide evidence that different parameters of uncertainty, 
particularly that of ambiguity, are aversive and associated with negative emotional states 
such as fear and anxiety. However, the findings also revealed that different parameters of 
uncertainty are involved in eliciting and modulating a wide array of emotional phenomena 
beyond fear and anxiety (e.g. anger, sadness, happiness, excitement, surprise). Moreover, 
these effects of uncertainty upon emotional states were exacerbated in individuals with high 
levels of IUS-12. The findings from experiment 2 suggest that uncertainty, regardless of the 
outcome (positive - win or negative - loss), can result in poorer task performance. 

 
Conclusion 

Taken together, the findings from experiment 1 and 2 provide evidence that uncertainty is 
involved in eliciting and modulating a wide array of subjective emotional experiences, and to 
some extent can influence task performance. 
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i 8 other participants were recruited. However, their data were removed due to poor performance on the 
experimental task (accuracy < 60 %). 


