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Abstract 

 Anxiety disorders are the most common mental health issues experienced in society, 

and can occur earlier in the lifespan than other mental health disorders. Untreated anxiety in 

young people can lead to challenges at school and home, and can increase the probability of 

long-term mental health problems. Intolerance of Uncertainty (IU) has been linked to higher 

levels of anxiety and worry in both adults and children but a number of limitations exist. There 

is limited research examining IU and worry in young children, a lack of longitudinal research 

examining associations between IU and worry across childhood, and almost no understanding 

of how high IU relates to behavioural, cognitive and emotional responses under uncertainty, 

particularly in children.  

In Study 1, IU and generalised anxiety were assessed across childhood. The results 

revealed associations between generalised anxiety and IU at each time point; those with 

higher IU had higher symptoms than those with lower IU. Contrary to expectations, 

longitudinal analysis showed that higher IU predicted downward trends in generalised anxiety 

over time. This suggests that IU is associated with generalised anxiety across childhood but is 

unlikely to play a causal role in the onset of generalised anxiety. Following this, Study 2 

explored the relationship between IU and children’s behaviour and affect under uncertainty. 

This study also examined the role of curiosity to tease apart effects of IU from curiosity. IU was 

not found to predict children’s emotional responses, however children did seek more 

information under higher uncertainty than lower uncertainty, but this was not related to 

either IU or curiosity. Lastly, Study 3 replicated Study 2 but with adult participants. Those 

higher in IU were more worried and had more negative affect than those with lower IU, 

particularly in high uncertainty trials, but they did not seek more information.  
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Overall, these studies provide new knowledge about developmental associations 

between IU and generalised anxiety and advance current understanding of the construct of IU 

and how it is associated with behavioural, cognitive and emotional responses to uncertainty. 

Future priorities lie in psychophysiological, observational and qualitative work with children. 
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Chapter 1. General Introduction 

1.1 Anxiety 

 Anxiety is a maladaptive response to threat, where the response is out of proportion 

to the threat and disrupts normal functioning (Arroll & Kendrick, 2018). Worry refers to 

generalised anxiety related to a broad range of actual or potential threats. Anxiety disorders 

are the most common mental health issues experienced in society, with 33.7% of people 

experiencing an anxiety disorder at some point over the lifespan (Bandelow & Michaelis, 

2015). Anxiety can occur in childhood or early adolescence, which is an earlier onset than in 

other mental health disorders (De Lijster et al., 2017; Kessler et al., 2005) and is fairly common 

in young people, with 2.4% to 6.5% of young people experiencing an anxiety disorder (Costello 

et al., 2003; Polanczyk et al., 2015). Anxiety impacts children’s lives in numerous ways, where 

they may experience problems with social activities and peer relationships, family processes 

and school performance (Essau et al., 2000; Strauss et al., 1987) as well as poor school 

attendance/truancy (Finning et al., 2019) and early school withdrawal (Van Ameringen et al., 

2003). Considering these factors, it is not surprising that childhood anxiety has been found to 

increase the probability of long-term mental health issues (Gregory et al., 2007; Wehry et al., 

2015) at a high social and economic cost to society (Department of Health, 2011; Trautmann et 

al., 2016). Early intervention improves children’s quality of life and decreases their long-term 

risk for mental health problems (Department of Health and Social Care and Department for 

Education, 2017). 

1.2 Risk factors for anxiety 

 Many factors have been found to influence the development of anxiety in children. 

There are factors internal to the child that have been linked to anxiety in previous research, 
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such as genetic influences and temperament, as well as external factors, such as parenting and 

negative life events. Below, these risk factors will be discussed.   

1.2.1 Internal factors  

1.2.1.1 Genetics. It is well documented that anxiety runs in families; children of 

anxious parents are more likely to be anxious themselves and anxious children are more likely 

to have anxious parents (Ahmadzadeh et al., 2019; Biederman et al., 1991; Cooper et al., 

2006). Whilst some of this familial aggregation has a genetic basis, genes only account for 

around 30% of the variance in children’s anxiety, leaving a substantial role for environmental 

factors (Ahmadzadeh et al., 2019; Eley & Gregory, 2004). More recently, research has moved 

beyond this binary distinction between environment and genes, with improved understanding 

that environment affects the expression of genes, therefore research focused on establishing 

risk for anxiety disorders will further examine epigenetic modification of DNA by specific 

environments (Lin & Tsai, 2020; Shimada-Sugimoto et al., 2015).   

1.2.1.2 Child Temperament.  Another risk factor found to be linked with the 

development of child anxiety is Behavioural Inhibition (BI). BI is a style of temperament where 

children are found to be quiet and shy, and may retreat or withdraw in novel situations (Kagan 

et al., 1984). BI has been seen to be a robust predictor of children’s anxiety as seen in 

Sandstrom et al. (2020)’s meta-analysis, over multiple timepoints (Dodd et al., 2020; Hudson et 

al., 2011b), and is particularly implicated in risk for social withdrawal (Pérez-Edgar et al., 2010) 

and social anxiety disorder (Clauss & Blackford, 2012). 

1.2.2 External factors 

1.2.2.1 Parenting. As emphasised in several aetiological models of child anxiety, 

parenting is an important source of environmental influence for children (Bayer et al., 2006; 

Ginsburg & Schlossberg, 2002; Hudson & Rapee, 2004; Vallance & Fernandez, 2016; Vasey & 
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Dadds, 2001).  Overly controlling/overinvolved parenting has been linked to child anxiety for 

some time (Hudson & Dodd, 2012; Hudson et al., 2019; McLeod et al., 2007). Parker (1983) 

defines the overcontrolling parent as hypervigilant and intrusive, excessively regulating 

children’s activities and discouraging autonomy. This parenting style can unintentionally 

communicate to a child that the world is dangerous and decrease opportunities for the child to 

develop coping skills. As a result, the likelihood of child avoidance and anxiety is increased 

(Chorpita & Barlow, 2018; Laurin et al., 2015; Rapee, 1997). Initially it was theorised that 

parental negativity would be associated with child anxiety alongside overcontrol (Rapee, 1997), 

but evidence has not been convincing regarding any causal association (McLeod et al., 2007).  

A further influence on children’s anxiety is parental anxiety. As described, children with 

an anxious parent are at increased risk of developing an anxiety disorder themselves (Beidel & 

Turner, 1997; Ginsburg & Schlossberg, 2002; Hirshfeld-Becker et al., 2008; Lawrence et al., 

2019). Mothers’ anxiety in particular is a strong predictor of their child’s anxiety. Mother’s 

current anxiety when children were preschoolers has been shown to be strongly associated 

with their child’s anxiety over time, moreso than mother’s lifetime history of anxiety (Hudson 

et al., 2011a; Hudson et al., 2011b). This suggests that mothers' behaviour and communication 

when anxious may be influencing their child’s anxiety risk. Kerns et al. (2017) also suggested 

that mother’s emotion regulation could influence their child’s anxiety. Interestingly, Hudson et 

al. (2011a) found no relationship between paternal anxiety and child anxiety.  

1.2.2.2 Attachment. Bowlby (1982) theorised that in the first year of life, children 

develop attachments to their primary caregivers who protect and care for them. However the 

quality of the attachment can vary vastly depending on the caregiver’s availability, sensitivity 

and responsiveness, leading to ambivalent, avoidant, disorganised or secure attachment 

between the child and parent (Ainsworth, 1979). It is theorised that where children are unsure 

about the availability, sensitivity and responsiveness of their caregiver, this leads to insecure 
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attachment, and that this lack of protection and comfort can lead to anxiety. There is some 

evidence linking insecure attachment to child anxiety (e.g. a meta-analysis by Colonnesi et al., 

2011) but this is not consistently found (Hudson & Dodd, 2012). Inconsistencies in the 

measures used and ages examined drives some of this disparity (Kerns & Brumariu, 2014). It 

has been highlighted that insecurity can manifest in ways other than anxiety, for example 

maintaining a distance and being extremely self-reliant (Main, Kaplan, & Cassidy, 1985).  

1.2.2.3 Life events. A further robust risk factor for anxiety is negative life events, such 

as bereavement, divorce, academic failure, illness or financial stressors, however it has been 

suggested that events with higher ratings of loss or danger rather than other contexts of life 

events (e.g. humiliation and/or entrapment) predicted the onset of generalised anxiety in 

adults (Kendler et al., 2003). Negative life events have been found to precede anxiety disorders 

in young people aged 11 – 26 years old, and greater exposure to such events has been found to 

predict more severe anxiety (Ginsburg et al., 2014). Again, as in adults, the impact of negative 

life events can be dependent on context in children, for example with Casline et al. (2021) 

finding that academic negative life events (whether it be increased academic pressure or poor 

performance) were significant predictors of future anxiety in young people, however that 

negative family events (such as divorce and bereavement) and physical health were unrelated. 

1.2.3 The interplay between risk factors 

 Risk factors for child anxiety do not necessarily exist or affect risk independently. It is 

likely that a range of risk factors will show additive effects and interact with one another to 

affect the likelihood of a child experiencing problematic anxiety. For example, Hudson et al. 

(2019) found an interplay of factors influenced a child’s risk of developing anxiety, with BI in 

preschoolers interacting with maternal over-involvement to predict anxiety symptoms through 

to early adolescence. Broeren et al. (2014) suggest that BI and life events operate as additive 

risk factors in the development of anxiety with Mumper et al. (2020) concluding that stress and 



5 

 

life events moderate early BI and its relationship with adolescent anxiety symptoms. A robust 

understanding of risk factors for anxiety is important for two reasons. First, to help identify 

which children are at risk for anxiety and may benefit from prevention programmes. Second, to 

better understand why anxiety develops, which helps to inform the development of prevention 

programmes as well as treatment approaches.  

 As discussed, there are external factors that influence the development of anxiety in 

children, but there are also aspects of the child themselves that may influence this risk. One 

such trait-like aspect is the construct of intolerance of uncertainty (IU) which captures 

individual differences in reactions to uncertainty and which is the focus of this thesis. Further 

research to better understand the construct of IU and its associations with anxiety over time is 

needed. The next section focuses on outlining this construct and existing research in this area.   

1.3 Intolerance of Uncertainty 

Uncertainty happens when we feel unsure and we do not have all the information 

about a situation; it is ubiquitous in everyday life. Carleton (2016, p. 32) defined IU as 

“dispositional incapacity to endure an aversive response triggered by the perceived absence of 

salient, key, or sufficient information, and sustained by the associated perception of 

uncertainty”.  

1.3.1 Links with anxiety and worry 

Uncertainty can be uncomfortable for many, and where coping responses are 

maladaptive, it can lead to psychological distress (Stewart et al., 2010). There are various 

models of uncertainty which explore the nature of the relationship between uncertainty and 

anxiety, one being the Uncertainty and Anticipation Model of Anxiety (UAMA) (Grupe & 

Nitschke, 2013) where the authors suggest that dysfunctional processing of uncertainty is a 

feature of pathological anxiety. In both children and adults, there is clear evidence in clinical 
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and non-clinical populations that IU is linked with higher levels of anxiety and worry (Buhr & 

Dugas, 2002; Counsell et al., 2017; Holaway et al., 2006; Osmanağaoğlu et al., 2018; Sexton & 

Dugas, 2009). There is however limited research regarding IU and anxiety in young children, 

potentially due to a lack of a suitable measure for IU in children under 9 years of age (Comer et 

al., 2009).  

Despite the well documented relationship between IU and anxiety in adults, it is still 

unclear whether IU should be considered a stable dispositional characteristic and whether it is 

a precursor, a vulnerability factor or a maintenance mechanism for anxiety, or quite simply a 

feature of anxiety. What is observed however is that IU is a transdiagnostic factor for social 

anxiety disorder (SAD), panic disorder, agoraphobia, generalised anxiety disorder (GAD), 

obsessive-compulsive disorder (OCD), eating disorder (ED) and depression (e.g. a meta-analysis 

by McEvoy et al., 2019). Whilst IU is associated with all of the above disorders, the particular 

nature of the uncertainty experienced may prompt specific symptoms, depending on the focus 

of the disorder. For example, in SAD, where the individual fears negative evaluation in social 

situations, symptoms are more likely to present when uncertainty has negative behavioural 

and self-referent implications, whereas in GAD, where the individual struggles with day-to-day 

worries, symptoms are more likely to appear when uncertainty is perceived as unfair (Counsell 

et al., 2017). With OCD, IU is most closely linked to the symptoms of doubting, repeating and 

checking, where the individual might struggle with the uncertainty about their ability to avoid 

risks or danger (Holaway et al., 2006; Tolin et al., 2003). Carleton et al. (2014) suggest that in 

PD, the struggle with uncertainty lies in the meaning, outcome and recurrence in panic attacks. 

IU may also mediate associations between other risk factors for anxiety. For example, 

IU has been found to mediate the relationship between adult attachment and worry (Wright et 

al., 2017; Çarıkçı-Özgül & Işık, 2024). These authors suggest that attachment anxiety may act 

indirectly on worry via its impact on IU. Recent research however has not supported these 
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findings; Çarıkçı-Özgül & Işık (2024) found that IU did not play a mediating role between 

avoidant attachment and anxiety. 

Within the domain of broader psychopathology, the construct of internalising 

problems brings together symptoms of anxiety and depression, whereas the construct of 

externalising problems captures impulsive and conduct-related problems (Achenbach, 1966). It 

has been suggested that IU may be a transdiagnostic construct associated with both 

internalising and externalising problems in children (Gramszlo et al., 2018).  

1.3.2 Links with the interpretation of threat 

Elevated perception of threat in uncertain situations appears to play both a causal and 

maintaining role in anxiety, and also contributes to maintenance factors such as avoidance in 

adults (Beck, 1979; Carleton, Mulvogue, et al., 2012; Holaway et al., 2006). This has been 

explored through meta-analyses regarding Cognitive Bias Modification for interpretation bias 

(CBM-I), where individuals are trained to interpret ambiguous stimuli neutrally or positively 

rather than negatively (Jones & Sharpe, 2017; Krebs et al., 2018). This retraining has been seen 

to improve anxiety in both youth and adults, supporting the causal/maintenance role of 

uncertainty in anxiety. This links to IU because those high in IU are more likely to interpret an 

uncertain situation (whether positive or negative) as threatening than those lower in IU (Dugas 

et al., 2005). This elevated perception of threat can lead to certain behavioural and cognitive 

responses (Carleton, Weeks, et al., 2012; Krohne, 1993), elevated anxiety and more negative 

reactions (Buhr & Dugas, 2006; Oglesby & Schmidt, 2017). It has also been suggested that 

when those high in IU learn a threat association (whether it is a true threat or not), they take 

longer to “unlearn” these associations than those low in IU (Morriss & van Reekum, 2019). This 

relationship between IU, anxiety and the interpretation and extinction of threat has been 

explored through manipulating threat experimentally, using varying levels of threat and varying 

levels of uncertainty. There are inconsistencies found across the studies, where in some 
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circumstances, individuals with high IU may experience more anxiety with an uncertain threat 

rather than a certain threat (Carleton et al., 2007), and in others, there is no difference in 

response to uncertain and certain threat (Oglesby & Schmidt, 2017). Even when there is no 

threat, IU has been found to regulate attention to uncertainty (Morriss & McSorley, 2019) and 

those high in IU continue to be affected by uncertainty (Pepperdine et al., 2018).  

The extent to which a clear plausible threat is necessary for those high in IU to react 

differently to those low in IU is not yet clear but there is some indication in the literature 

reviewed above that uncertainty itself is perceived and responded to as threatening by those 

high in IU.  

1.3.3 Behavioural, emotional and cognitive responses to uncertainty 

 Various models/conceptualisations outline hypothesised dysfunctional processing of 

uncertainty in IU (Hebert & Dugas, 2019; Hillen et al., 2017). Each of these models begins with 

an event or stimulus, which then may trigger the perception of uncertainty, and when there is 

a dysfunctional belief or interpretation of the uncertainty, resulting responses to the 

uncertainty may be behavioural, emotional and/or cognitive. In fact, Freeston et al. (1994, p. 

792) states that “Intolerance to uncertainty is thus defined as a relatively broad construct 

representing cognitive, emotional, and behavioural reactions to uncertainty in everyday life 

situations”. The extent to which IU drives differences in behaviour, emotions and cognitions, 

and under what conditions has been the subject of substantial research, although mostly with 

adult samples.   

1.3.3.1 Emotional responses to uncertainty. Research has demonstrated that those 

who are high in IU see uncertainty as disconcerting and stressful. As a result they are more 

likely than those low in IU to have a negative emotional response to it (Buhr & Dugas, 2002; 

Morriss et al., 2023). They may also have maladaptive strategies for regulating emotions, 



9 

 

leading to greater emotional distress (Sahib et al., 2023). Uncertainty also appears to impact 

the experience of positive emotion for those high in IU. For example, Morriss et al. (2023) 

found that in those high in IU, a positive emotional state was less likely to be evoked by 

uncertainty than a negative emotional state and was dampened by uncertainty, whereas 

uncertainty heightened negative emotional states. There is however limited research 

examining IU and emotional responses to uncertainty, and in particular, IU and emotion 

regulation in children (Sahib et al., 2023). 

1.3.3.2 Cognitive responses to uncertainty. The primary cognitive response to 

uncertainty seen in individuals high in IU is to engage in worry. Indeed, the original work on the 

construct of IU came from research on worry (Dugas et al., 1998; Freeston et al., 1994; 

Ladouceur et al., 1999). For example, Koerner and Dugas (2006) theorise that under 

uncertainty, IU stimulates worry and those with high IU are more likely to participate in that 

worrying than their counterparts with lower IU (Koerner & Dugas, 2008). High IU is thought to 

lead to worry via processes such as cognitive avoidance. Cognitive avoidance occurs when 

individuals try to reduce the arousal linked to threatening mental images and thoughts that 

might be distressing; typically this is only successful in providing short-term relief (Koerner & 

Dugas, 2006). Birrell et al. (2011) further suggest that uncertainty paralysis (or “freeze” 

response to threat) may be another aspect of cognitive avoidance in those with high IU when 

faced with uncertainty.  

In contrast to more conscious cognitive responses to uncertainty, IU has also been 

associated with attention alerting, whereby an individual’s cognitive systems maintain an alert, 

or activated state. For example, Fergus and Carleton (2016) found that IU was positively 

associated with alerting on the attention network test, suggesting that the alerting attentional 

network of those high in IU may be overactive in noticing possible signs of uncertainty, and 

that this may be expressed in hypervigilance.  
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1.3.3.3 Behavioural responses to uncertainty. Adults high in IU may use a range of 

safety behaviours such as reassurance seeking, information seeking, avoidance, 

procrastination, overpreparation, (and others) to reduce the discomfort associated with 

uncertainty (Hebert & Dugas, 2019). A number of studies have examined behavioural 

responses to uncertainty in IU to better capture the repertoire of safety behaviours used and 

the circumstances under which they are engaged. 

In one of the first studies to explore the use of a behavioural task to examine 

responses to uncertainty associated with high IU, Jacoby et al. (2014) used the Beads Task, a 

probabilistic inference task, with adults. The version used was computerised with conditions 

with varying levels of uncertainty: low uncertainty involved two jars with a high proportion 

(85:15) of blue to red beads in one jar and vice versa in the other, intermediate uncertainty 

involved two jars with a more even proportion (60:40) of purple and green beads in one jar 

and vice versa in the other, and high uncertainty involved three jars with the proportion of 

44:28:28 orange, yellow and pink, 44:28:28 yellow, pink and orange and finally 44:28:28 pink, 

orange and yellow. There were also two groups: anxious and non-anxious. Participants were 

asked to request beads from a jar (up to a maximum of 30) and to make a decision as to which 

jar they thought they had come from. The sequence of beads that could be drawn from each 

jar was pre-determined up to 20 beads, and then was random. The more uncertain the task, 

the more information participants sought before making a decision (via drawing beads) and 

the more time they took to make the decision, but there were no group differences between 

anxious and non-anxious participants. The more uncertain the condition, the more distressed 

participants were, particularly in the anxious group. Surprisingly, IU was not associated with 

time to decision (regarding the jar) but was linked with level of distress after making a decision 

on the intermediate and high uncertainty jars. IU was also associated with information seeking 

(asking for a higher number of beads) but only on the intermediate trials. This study therefore 
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supports the idea that those with anxiety, and those high in IU feel more distress than those 

without anxiety or with lower IU when uncertainty is greater, however in general, they do not 

exhibit different behavioural responses to higher uncertainty by way of asking for more beads 

prior to making a decision and taking longer to make a decision. 

Further experimental work examining behaviours related to IU includes Bartoszek et 

al.’s (2022) investigation of information seeking behaviour and IU. Adult participants were 

informed that they would take a test of intellectual and emotional functioning and, depending 

on condition, were told it was either very good or very poor at predicting future outcomes. 

Participants were grouped by high and low IU, and the number of questions they asked about 

the test and post-test feedback requests were measured as information seeking behaviours. In 

the condition where they were told that the test was very good at predicting future outcomes, 

those with both high and low IU asked a relatively high number of questions. However, in the 

condition where they were told the test was poor at predicting outcomes (and there was 

therefore no threat associated with the task), those with high IU asked more questions than 

those with low IU. With post-test feedback requests, although those with high IU requested 

more feedback than those with low IU, this was not dependent on whether the test was good 

at predicting future outcomes or not. However, participants who were motivated by anxiety 

rather than interest sought more feedback. Where participants were motivated by interest 

rather than anxiety, both those with high and with low IU sought similar feedback, 

emphasising the importance of motivation when examining behaviours and IU.  

A potential deficit in safety learning in high IU has also been suggested by recent 

research, building on the understanding of how individuals with high IU may respond 

differently to those with low IU to uncertainty in their environments. For example, in Morriss 

et al. (2020), they used an associative threat learning task, where an unconditioned aversive 

sound was paired with a specific coloured visual shape at a 50% reinforcement rate. Another 
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coloured shape was not paired with a sound. In the extinction phase, both coloured shapes 

were not paired with a sound. There were two conditions; regular exposure or extended 

exposure (with 33% more trials). Those with higher IU in the extended exposure condition had 

better safety-retention than those with high IU in regular exposure, suggesting that longer 

exposure may be required for those high in IU to update associations with threat to 

associations with safety, relative to those low in IU.    

Taken together these studies show that high IU is associated with a range of 

behavioural, cognitive and emotional responses to uncertainty, although some of this research 

remains preliminary and there are some inconsistencies. The participants for all of the studies 

outlined have been adults and there is a paucity of research examining behavioural, cognitive 

and emotional responses under uncertainty associated with high IU in children. This is despite 

the fact that some of the tasks used may be able to be adapted to measure responses to 

uncertainty in children (Osmanağaoğlu et al., 2018).    

1.3.4 Intolerance of Uncertainty Research in Children 

The relationship between IU and anxiety in children and adolescents under the age of 

21 was examined in Osmanağaoğlu et al. (2018)’s meta-analysis. They identified that there is 

indeed limited research with limited methodologies into IU and anxiety in young people, and 

that this is an important field to further explore as the findings in the extensive adult literature 

may not translate to children due to developmental differences across childhood. Children’s 

cognitive and general abilities to monitor and reason with uncertainty improve through 

childhood (Beran et al., 2012; Lyons & Ghetti, 2011; Roebers et al., 2007), however it is not 

clear if IU and its association with worry also develops through childhood, or whether it 

fluctuates throughout development. Osmanağaoğlu et al. (2018) also found additional gaps in 

the literature; the age ranges in existing literature were quite broad meaning that any age-

related differences may be masked. They also identified that many of the studies regarding IU 
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in children were based around questionnaire measures, some of which were not suitable for 

measuring IU. Osmanağaoğlu, Creswell, Snuggs, et al. (2021) found a popular measure of 

uncertainty in children, the Intolerance of Uncertainty Scale for Children (IUS-C) had numerous 

issues including a reading age that was too high, unclear items, with poor agreement between 

parent and child measures. It is therefore possible that some questionnaire measures may not 

be capturing all aspects of IU. 

A further concern about the IUS-C is that it is not suitable for younger children. Despite 

the measure being validated for children aged 7 and up, it was found to be an unsuitable 

measure for children under 9 years old (Comer et al., 2009), In order to address these 

shortcomings, the Responses to Uncertainty and Low Environmental Structure (RULES) 

questionnaire (Sanchez et al., 2017) was developed as a parent-report measure of early 

childhood IU, for children aged 3 - 10. The measure has favourable psychometric properties 

and was found to be appropriate for pre-school and primary school aged children. In addition, 

previous measures of IU tend to capture children’s attitudes to uncertainty, however this 

measure focuses importantly on children’s emotional and behavioural responses to 

uncertainty.   

The HiLo game was the first task used to examine behavioural responses to uncertainty 

in 13 – 17 year old adolescents (Krain et al., 2008; Krain et al., 2006). Participants were shown 

a numbered card (1-9) on a computer screen, alongside a mystery card, and they needed to 

decide if the mystery card was higher or lower than the numbered card. The value of the 

mystery card was most uncertain when the 5 card was shown, and most certain when the 1 

and 9 cards were shown. In general, participants took longer to respond regarding less certain 

cards. Those who had higher IU had higher anxiety and were less certain about being correct, 

however there was no significant association between self-reported IU and response time. 

These results indicate that, in general, response times are slower when uncertainty is higher 
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but that this is not related to IU in adolescents, however there was increased emotional and 

cognitive response to task uncertainty in those higher in IU.  

Osmanağaoğlu, Creswell and Dodd (2021) identified a lack of research examining 

behavioural manifestations of IU in pre-adolescent children and adapted the Beads Task 

(Jacoby et al., 2014) for use in this population. The design was similar to Jacoby’s, with low, 

moderate and high uncertainty conditions, however there were some changes made to 

account for the age of the participants (7 – 11 years old). Rather than being computerised, the 

task was in person with pom poms, the ratio of beads in the high uncertainty condition was 

changed to 50:25:25, and the maximum number of requests for beads was changed to 20. The 

results revealed that in general, with increased uncertainty, there was no effect on time to 

make a decision, however participants did seek more information and were more worried. 

Child’s self-reported IU was related to worry but parent and child reported IU were not related 

to information seeking on the task. Again, there appears to be a relationship between IU and 

emotion, but any relationship with behaviour is less clear.  

There are a number of gaps in the literature with regards to IU in children, responses 

to uncertainty and links to anxiety. It is unclear whether threat is needed for those high in IU to 

be bothered by uncertainty. Crucially we need to know what role IU plays with regards to 

anxiety and whether it is a risk factor or a consequence/correlate of anxiety. To our knowledge, 

there is no research examining how IU is related to anxiety developmentally and whether this 

relationship fluctuates throughout development, or examining how development influences IU 

itself. We also need a better understanding of how IU links to cognitive, emotional and 

behavioural responses to uncertainty in children; experimental tasks examining IU in children 

are sparse and are modelled after adult tasks. Lastly, we need to consider how we measure IU 

in children, as questionnaires that have been created by adapting adult measures may not be 
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ideal. It is important that we address these gaps so that we have a better understanding of the 

construct of IU in order to do a better job of treating anxiety and worry. 

1.3.5 Treatment of IU 

As IU has clear links with anxiety, it is unsurprising that treatments targeting the 

improvement of tolerance of uncertainty in adults have been successful in reducing symptoms 

of Social Phobia (Mahoney & McEvoy, 2012) and GAD (Dugas & Ladouceur, 2000; van der 

Heiden et al., 2012). A recent meta-analysis by Miller and McGuire (2023) examined whether 

evidence-based treatment for anxiety affects IU. They found that evidence-based treatments 

targeting anxiety-related disorders led to significant decreases in IU. These treatment effects 

on IU were greater for unified protocol and/or spiritual-based Interventions than behavioural, 

relaxation-based and cognitive bias modification interventions. Other factors that produced 

stronger treatment effects on IU were longer intervention duration and/or more intervention 

hours. Despite these promising findings in adults, research evaluating how IU is affected by 

child anxiety treatment is scarce. A commonly used treatment for anxiety is Cognitive 

Behaviour Therapy (CBT) but only 58.9% of young people under the age of 19 who had this 

treatment no longer had an anxiety diagnosis after therapy (James et al., 2020), therefore 

there are a large number who may need a different approach and targeting IU may offer a 

logical next step. However, because the basic research into IU in children has lagged behind 

that in adults, the field is perhaps not yet advanced enough for evidence-based IU-focused 

treatments to be developed for children. For example, it remains unclear exactly how IU 

presents in children and young people, whether this differs across development, and what 

behaviours, emotions and cognitions are associated with uncertainty in children high in IU.  

1.4 Curiosity 
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 It is important to recognise that uncertainty does not only elicit negative 

emotions, but can be linked to positive emotional responses, particularly in epistemic curiosity. 

The construct of curiosity can be challenging to define due to the varied theoretical and 

operational differences in the literature. Within this thesis, I use Jirout and Klahr (2012, p. 

150)’s definition of curiosity as ”the threshold of desired uncertainty in the environment which 

leads to exploratory behaviour”. This exploratory behaviour can be seen as seeking information 

in order to plug an information gap (Loewenstein, 1994). Thus, both IU and curiosity may drive 

information seeking under uncertainty. In curiosity, uncertainty can be enjoyable and 

motivating; filling the information gap can lead to increased knowledge. Possibly because of 

this, curiosity has been linked to academic achievement (Gottfried et al., 2016; Shah et al., 

2018), positive affect and greater life satisfaction, in both adults and adolescents (Jovanovic & 

Brdaric, 2012; Kashdan et al., 2004). Resolving uncertainty through plugging an information 

gap and increasing knowledge is rewarding (Kang et al., 2009; Murayama et al., 2019). The 

nature of this reward may vary depending on the context within which information is sought. 

Litman (2008) suggested that curiosity can be considered as having two dimensions; interest 

and deprivation. In interest-type, individuals who are information seeking find discovering 

something new rewarding, and in deprivation-type, individuals seek information when they 

feel information is lacking, and closing the gap on the unpleasant feelings associated with the 

uncertainty is rewarding (Grossnickle, 2016). 

Similar behaviours in response to uncertainty may be driven by IU or curiosity but with 

different motivations. In general, individuals high in IU would be expected to seek information 

to decrease discomfort, whereas individuals high in curiosity may seek information to resolve 

uncertainty for their own interest. Despite these obvious links between information seeking, IU 

and curiosity, only one set of studies examines them together. Jach and Smillie (2021) found 

that IU was associated with information seeking in adults, as was curiosity, but not consistently 
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across their studies. They also found a significant positive association between IU and 

deprivation-type curiosity. This highlights that further work would be beneficial in examining 

the links between curiosity and IU as both appear to influence reactions to uncertainty. 

Furthermore, there are no studies examining information seeking and the constructs of 

curiosity and IU in children. 

1.5 Thesis overview 

 Research related to anxiety, intolerance of uncertainty and emotional, cognitive and 

behavioural responses to uncertainty has been reviewed. Although it is clear that anxiety 

(especially generalised anxiety/worry) and IU have links in both adults and children, it is 

unclear how IU and worry are related longitudinally, and how the association between IU and 

worry might change across childhood. In addition, the intricacies of the links between IU and 

behavioural, emotional and cognitive responses to uncertainty are unclear, particularly in 

children, and it is unclear how well the effect of IU and curiosity can be disentangled.  

This thesis aims to examine the association between IU and worry in young children 

and examine the relationship between IU and worry over time. It also aims to clarify the 

relationship between IU and behaviour and affect under uncertainty in both children and in 

adults, and whether these patterns can be distinguished from curiosity. These aims are 

addressed through three papers, the outlines of which can be found below.  

1.5.1 Outline of studies  

1.5.1.1 Study 1: Does Intolerance of Uncertainty predict child anxiety? A longitudinal 

study. Generalised anxiety has been shown to be linked with higher IU in both adults and 

children, however the relationship between generalised anxiety and IU in young children has 

not been previously explored. It is also unclear whether IU predicts and is a risk factor for 

generalised anxiety across childhood. Given the recognised links between anxiety and IU, and 
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the impact anxiety can have on children and their futures, understanding how IU and its 

relationship with generalised anxiety transforms, fluctuates and develops over childhood is 

important to ensure interventions are correctly targeted. 

Study 1 examines 1) how IU is associated with generalised anxiety in preschool-aged 

children, 2) the relationship between IU and generalised anxiety at three timepoints across 

childhood cross-sectionally and whether the relationship is consistent or changes with age, and 

3) whether IU in preschool-aged children is associated with the trajectory of generalised 

anxiety symptoms over time into middle childhood. An additional aim was to examine whether 

IU was associated with the trajectory of internalising symptoms and externalising symptoms 

over time.  

1.5.1.2 Study 2: Uncertain World: How Children’s Curiosity and Intolerance of 

Uncertainty Relate to their Behaviour and Emotion under Uncertainty. There is limited 

research examining how IU and curiosity are each associated with children’s behaviour and 

affect, and no research examining IU and curiosity together in relation to uncertainty in 

children. It is important to understand how children feel and act in the face of uncertainty and 

what drives these responses in order to further theoretical understanding of IU and, in turn, to 

design better measures of IU and interventions that target IU.   

Study 2 evaluates whether 1) children’s information seeking is related to curiosity and 

IU by examining associations between the number of buttons pressed in a decision-making 

task and parent-reported IU and curiosity, 2) curiosity is associated with positive emotional 

responses to uncertainty by examining associations between parent-reported curiosity and 

both facial affect and self-reported emotional valence, and 3) IU is associated with negative 

emotional responses to uncertainty through facial affect and self-reported emotional valence, 

but also through self-reported worry. 
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1.5.1.3 Study 3: Uncertain World: How Adult’s Curiosity and Intolerance of 

Uncertainty Relate to their Behaviour and Emotion under Uncertainty, and how it compares 

with children. In Study 2, the findings were not as expected. Given that the task used in Study 

2 had initially been conducted with adults, it was decided to focus Study 3 on adults, using an 

identical task as was used in Study 2. Study 3 therefore evaluates whether 1) adult’s 

information seeking is related to curiosity and IU by examining associations between the 

number of buttons pressed in a decision-making task and self-reported IU and curiosity, 2) 

curiosity is associated with positive emotional responses to uncertainty by examining 

associations between self-reported curiosity and self-reported emotional valence, and 3) IU is 

associated with negative emotional responses to uncertainty through self-reported emotional 

valence, but also through self-reported worry. 

1.5.2 Overarching hypotheses. 

There are two overarching hypotheses examined in this thesis.  

1. That IU is related to increased worry (generalised anxiety) within a longitudinal 

study and within a behavioural task  

2. After controlling for the effect of curiosity, that IU is related to information seeking 

behaviour and negative affect under uncertainty in children and adults.  
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Abstract 

Intolerance of uncertainty (IU) refers to individual differences in responses to uncertainty. IU is 

related to worry and anxiety in adults and children but it is unclear whether IU plays a 

maintenance or causal role, particularly in childhood. Our research examined whether IU is 

associated with generalised anxiety in preschool-aged children, and whether IU in preschool-

aged children is associated with the trajectory of generalised anxiety symptoms into middle 

childhood. Additionally, we explored specificity by examining whether IU was associated with 

the trajectory of internalising symptoms and externalising symptoms over time. Parents were 

asked to complete questionnaires about their children at three timepoints when their child 

was: 3-4 years old; 5-7 years old; 8-10 years old. Parents completed measures of child anxiety, 

IU, and internalising and externalising symptoms. Those with higher IU had higher concurrent 

generalised anxiety, internalising and externalising symptoms at each measurement point, 

including when the children were preschoolers. This supports the notion that IU is associated 

with a range of mental health conditions. Preschoolers with higher IU had, on average, higher 

generalised anxiety across childhood, relative to those who had lower IU as preschoolers. 

Unexpectedly though, children who were higher in IU as preschoolers were more likely to 

show a decrease in generalised anxiety over time. These findings indicate that IU is a 

consistent correlate of generalised anxiety, but that it may not play a causal role in the onset 

of generalised anxiety in children. 

 

Keywords: Intolerance of Uncertainty, Internalising, Externalising, Generalised Anxiety, 

Longitudinal 
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2  Introduction 

Some level of uncertainty is common throughout our daily lives. For many people, this 

uncertainty goes mostly unnoticed. However, for some, uncertainty can be unpleasant and 

anxiety-provoking, stimulating worry and fear. Intolerance of uncertainty (IU) is a construct 

capturing trait-like individual difference in reactions to uncertainty (Carleton, 2016a). IU is 

defined as a “dispositional incapacity to endure an aversive response triggered by the 

perceived absence of salient, key, or sufficient information, and sustained by the associated 

perception of uncertainty” (Carleton, 2016b, p. 32), and is linked with elevated worry and 

anxiety in clinical and non-clinical populations in adults and children (Buhr & Dugas, 2002; 

Counsell et al., 2017; Holaway et al., 2006; Mathes et al., 2017; Osmanağaoğlu et al., 2018; 

Sexton & Dugas, 2009). Despite robust associations with anxiety and worry, it remains unclear 

whether IU plays a causal and/or maintenance role in anxiety and worry. In adults, treatments 

focusing on IU lead to a decrease in worry and diagnosis of Generalised Anxiety Disorder 

(GAD) (Dugas et al., 2003; Miller & McGuire, 2023), which is consistent with IU playing at least 

a maintenance role. Nonetheless, it remains possible that having negative reactions to 

uncertainty may be characteristic of anxiety and worry rather than causal (Carleton, 2012; 

Carleton et al., 2012). Although the onset of anxiety disorders often happens during childhood 

(De Lijster et al., 2017), there is a dearth of developmental research examining whether early 

IU predicts the emergence of anxiety symptoms.  

Elevated anxiety can be problematic across the lifespan, but anxiety in childhood can 

be particularly problematic as it can have a significant effect on development (Rapee et al., 

2009); anxiety during childhood can affect academic performance, family processes, 

relationships with peers and longer term mental health (Essau et al., 2000; Ezpeleta et al., 

2001; Giora et al., 2005; Gregory et al., 2007; Strauss et al., 1987; Van Ameringen et al., 2003). 

Given this, a substantial body of research has examined risk factors and correlates of anxiety in 



39 

 

children. Some risk factors are now well-established, including behavioural inhibition (Pérez-

Edgar et al., 2010) and overcontrolling parenting (Hudson & Dodd, 2012; Rapee, 1997), and 

having a parent with an anxiety disorder (Beidel & Turner, 1997; Ginsburg & Schlossberg, 

2002; Hudson, Dodd, & Bovopoulos, 2011; Hudson, Dodd, Lyneham, et al., 2011). 

Understanding and identifying potential risk factors for child anxiety is critical because early 

intervention can improve the child’s quality of life and decrease risk of future mental health 

problems (Morgan et al., 2016). 

IU may be predictive of anxiety over time in adults (Furtado et al., 2019), and there is 

some evidence that during adolescence, IU and worry have a bidirectional and reciprocal 

association over time (Dugas et al., 2012). To our knowledge, there is no longitudinal research 

evaluating whether IU increases risk for anxiety in children over time.  Osmanağaoğlu et al. 

(2018) conducted a meta-analysis of IU research focused on children and young people. This 

established a strong association between IU and anxiety/worry in young people, but 

highlighted a number of significant limitations within the literature. One limitation was that all 

research was cross-sectional, and thus could not capture whether IU is associated with 

trajectories of anxiety over time. Furthermore, the age range in most studies is quite broad 

despite the fact that children’s cognitions and ability to deal with uncertainty emerge and 

improve as they develop (Lyons & Ghetti, 2011; Roebers et al., 2007). This means that any 

relationship between IU and anxiety may change across childhood and may not match the 

profile of IU and anxiety in adults (Osmanağaoğlu et al., 2018).  

Relatedly, no research had considered associations between IU and anxiety in 

preschool-aged children. This is a particularly important age to examine as early signs of 

anxiety are present at this age or even earlier (Luby, 2013), and identifying potential risk 

factors for anxiety could support preventative programmes. Two examples of anxiety 

prevention programmes are Cool Little Kids and the Turtle program, which target children with 
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Behavioural Inhibition and have been found to be effective anxiety prevention programmes 

for preschool children (Chronis-Tuscano et al., 2022; Ooi et al., 2022). If IU is a precursor to 

anxiety in children then it may be useful as a screening mechanism for identifying at-risk 

children and a target for preventative work. 

Although IU is clearly associated with anxiety and worry, it is unclear how specific this 

association is and whether IU may be associated with broader psychopathology, e.g. 

externalising and internalising problems (Lemery-Chalfant et al., 2007). Externalising problems 

include impulsive, disruptive conduct problems, and internalising problems include symptoms 

of depression as well as anxiety (Lemery-Chalfant et al., 2007). Some recent work with children 

suggests that IU may be a transdiagnostic construct that is positively associated with both 

internalising and externalising psychopathology (Gramszlo et al., 2018; Sadeh & Bredemeier, 

2021), but further work is required to establish the nature of these associations.  

Given the paucity of longitudinal research in this area and the lack of research 

examining IU and anxiety in young children, the primary aims here were to: 1) examine how IU 

is associated with anxiety in preschool children; and 2) explore whether IU in preschool 

children is associated with the trajectory of generalised anxiety symptoms into middle 

childhood. An additional aim was to explore specificity by examining whether IU was 

associated with the trajectory of internalising symptoms and externalising symptoms over 

time. We hypothesised that IU would be associated with generalised anxiety when children 

were preschoolers (and when they were older), and that IU would interact with time to predict 

trends in generalised anxiety, internalising and externalising scores across early to middle 

childhood. Specifically, due to the associations found between IU and worry, we tentatively 

expected to see that early IU is associated with a worsening symptom trajectory over time.  
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2.1 Methods 

2.1.1 Participants  

Participants were originally recruited as part of a longitudinal study (the ‘Watch them 

Grow’ study) via local preschools, advertisements in family magazines, social media and word 

of mouth. Parents completed time point 1 (TP1) questionnaire measures as two separate 

cohorts, one in 2017 and one in 2018, when their children were aged 3.46 – 4.67 years (M = 

4.00, SD = 0.24). We invited 179 of the original 180 families (one withdrew) to take part at 

time point 2 (TP2) in Spring 2020 (1.96 - 3.34 years after TP1 (M = 2.62, SD = 0.45)) and at time 

point 3 (TP3) in Autumn 2022 (2.52 – 2.72 years after the TP2 (M = 2.59, SD = 0.50)). At TP2, 

162 (91%) participated, with children aged 5.72 – 7.71 years (M = 6.62, SD = 0.54). At TP3, 148 

(83%) participated, with children aged 8.27 - 10.36 years (M = 9.23, SD = 0.54). The time 

between TP1 and TP3 was 4.51 – 5.98 years (M = 5.23, SD = 0.45). Further demographic 

information for participants at each time point is available in Table S1 of Supplementary 

Materials. Full details of the original sample are provided here: 

http://reshare.ukdataservice.ac.uk/853813/.  

2.1.2 Procedure  

At TP1, Watch Them Grow participants were invited to attend a session at the 

University of Reading which included a variety of lab-based and observational tasks. The 

parent attending completed a battery of questionnaire measures via Survey Monkey on an 

iPad whilst the child was taking part in the tasks. This study was approved by the University of 

Reading Research Ethics committee (UREC 16/56) at TP1, and by the School of Psychology and 

Clinical Language Sciences Research Ethics committee at TP2 (2019-080-HD) and TP3 (2022-

172-RM). 
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At TP1, parents consented to being contacted for future research. For the purpose of 

the present study, families were contacted for follow-ups in 2020 and 2022, when we invited 

them to complete measures online via Survey Monkey. They were offered a £5 voucher at 

each follow-up. Invitations to the first follow up were sent in May 2020, shortly after the first 

COVID-19 lockdown began in the UK. 

2.1.3 Parent Report Measures  

2.2.3.1 The Preschool Anxiety Scale (PAS; Spence et al., 2001). Child anxiety and 

worry were measured at TP1 using the PAS generalised anxiety (GA) subscale. The PAS is a 

parent report questionnaire designed to measure anxiety in young children (aged 3-6 years). It 

consists of 28 items answered using a 5-point Likert scale. The GA subscale comprises five 

items such as Has difficulty stopping him/herself from worrying or Is tense, restless or irritable 

due to worrying; parents are asked to indicate how true each statement is for their child. The 

PAS GA subscale has demonstrated good construct validity and adequate psychometric 

properties. It is correlated (r = 0.6) with the Child Behaviour Checklist Internalising scale 

(Achenbach, 1992; Spence et al., 2001). Internal consistency for the GA scale in our TP1 data is 

good with Cronbach’s alpha being .83.  

2.2.3.2 The Spence Children’s Anxiety Scale – Parent report (SCAS-P; Nauta et al., 

2004). Child anxiety and worry were measured at time points 2 and 3 using the SCAS-P 

Generalised Anxiety (GA) subscale. The SCAS-P is a parent-report questionnaire designed to 

measure anxiety in children aged 6 - 18 years. It is an adaptation of the SCAS (Spence, 1998). 

The measure consists of 38 items, answered using a 4-point Likert scale. We examined 

associations between all time points of GA, Social Anxiety (SA) and Separation Anxiety (Sep) 

subscales and RULES scores (see Table S2 in Supplementary Materials). All of these variables 

were correlated with each other at all time points, apart from TP1 SA and TP3 GA. For the 

analyses, we chose to use the GA subscale to capture children’s worry and general anxiety 
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rather than the total score because all of the subscales are significantly correlated with each 

other, it is conceptually closest to our research questions, and the total score includes 

separation anxiety and social anxiety subscales, which were less relevant to the research 

questions about IU. The GA subscale comprises six items such as My child worries about things 

or My child worries that something bad will happen to him/her; parents are asked to indicate 

the response that best describes their child. The SCAS-P GA subscale score has demonstrated 

good internal consistency (α =.92) and differentiates well between children with anxiety-

disorders and controls (Nauta et al., 2004). In our sample at TP2, the GA subscale had α =.69 

and at TP3 Cronbach’s alpha was 0.79. 

2.2.3.3 The Responses to Uncertainty and Low Environmental Structure (RULES) 

questionnaire (Sanchez et al., 2017). Child intolerance of uncertainty (IU) was measured at 

TP1 and both follow-up time points using the RULES. The RULES is a parent-report measure of 

IU comprising 17 items that are rated on a 5-point Likert scale. Parents are asked to rate how 

much certain statements describe their child, such as My child has a hard time coping with 

even minor changes and My child complains of physical symptoms (e.g., headaches, 

stomachaches) when he/she is about to enter a new situation. The RULES has demonstrated 

strong predictive, convergent and divergent validity and excellent internal consistency with 

Cronbach’s alpha being 0.93, and item-total correlations ranging from 0.47 to 0.81 (Sanchez et 

al., 2017). In our TP1 data, Cronbach’s alpha was excellent at .93, as well as at TP2 (α =.96) and 

at TP3 (α =.96).  

2.2.3.4 Health Behaviour Questionnaire (HBQ) (Armstrong & Goldstein, 2003). 

Internalising and externalising symptoms were captured via the HBQ internalising and 

externalising scales, respectively. The HBQ is a parent-report measure that includes a range of 

scales. The internalising symptoms scale consists of 29 items rated on a 3-point Likert scale 

and captures symptoms of depression (e.g. Feels worthless or inferior) and anxiety (e.g. 
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Worries about things in the future). The externalising symptoms scale consists of 46 items 

rated on a 3-point Likert scale and captures symptoms of oppositional defiance (e.g. Has 

temper tantrums or hot temper), conduct problems, hostility, aggression, inattention (e.g. 

Distractible, has trouble sticking to any activity) and impulsivity. The HBQ has demonstrated 

good internal consistency (Lemery-Chalfant et al., 2007), good test-retest reliability for both 

subscales in the community and clinic over 7-10 days and a year apart and also good group 

discriminant validity (Armstrong & Goldstein, 2003). In our TP1 data the internal consistency 

for both scales was good (Internalising scale: α = .89; externalising scale: α = .93), and was 

excellent at both TP2 (Internalising scale: α = .90; externalising scale: α = .95) and TP3 

(Internalising scale: α = .92; externalising scale: α = .95).  

2.2.3.5 Trait scale of Y2 State-Trait Anxiety Inventory (STAI-Y2; Speilberger et al., 

1983). The trait scale of the STAI-Y2 is used to capture parent trait anxiety at both follow-up 

time points. The STAI-Y2 comprises 20 items such as I feel pleasant and I feel nervous and 

restless, rated on a 4-point Likert scale. STAI-Y2 demonstrates good construct validity and 

internal consistency ranging from .86 to .95 (Speilberger et al., 1983). Cronbach’s alpha for this 

measure in our sample was excellent at TP1 (α = .93), TP2 (α = .94) and TP3 (α = .92). 

2.1.4 Design 

This study was a within-subjects repeated-measures observational design. RULES total 

score was used to capture early childhood IU at three time points. Child anxiety and worry 

were captured by the GA subscales of the PAS scale at TP1 and SCAS scales at TP2 and TP3. 

These were converted to z-scores based on published norms for each scale, as available on 

www.scaswebsite.com (Nauta et al., 2004; Spence et al., 2001). Internalising problems were 

measured by HBQ internalising scale score and externalising problems captured by HBQ 

externalising scale score at each time point. SCAS GA subscale scores (converted to z-score), 

HBQ internalising score and HBQ externalising score were the outcome variables (DVs).  
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2.1.5 Data Preparation 

Child gender, ethnicity, birth order, parental marital status, education level and 

employment status were examined as potential confounds in relation to TP1 RULES, and TP2 

and TP3 SCAS GA, HBQ internalising symptoms and HBQ externalising symptoms in advance of 

conducting the analysis. Of these, there was only a significant effect of marital status at TP1 on 

HBQ externalising at TP2 F(2,159) = 3.84, p = .024 and TP3 F(2,145) = 3.41, p = .036 and on 

HBQ internalising at TP3 F(2,145) = 4.61, p = .012, where children with two parents at home 

had lower HBQ internalising and externalising scores than those with one parent at home. 

Given this, we chose to control for marital status in all analyses for consistency. Parent anxiety 

as measured by STAI-Y2 total score at each time point was also controlled for in the analysis 

due to its potential influence on child anxiety. 

2.1.6 Missing data 

At TP2 and TP3 the only missing data came from those participants who did not take 

part (TP2 = 18; TP3 = 32). At TP1 one participant did not complete IU and parent anxiety 

measures. We used mixed models for our longitudinal analyses as this enabled all participants 

to be retained for analyses even with missing data.  

2.1.7 Data Analysis 

We ran hierarchical growth curve analyses to investigate how RULES scores may 

moderate trajectories of GA subscale scores, HBQ internalising and HBQ externalising 

symptoms over time. Centred RULES scores at TP1 were included as a fixed effect, as were 

linear and quadratic orthogonal polynomial time terms (poly1 and poly2, respectively), and 

their interactions with TP1 RULES scores. Subject-specific offsets were included as a random 

effect. Type III Wald F tests were used to obtain p-values and degrees of freedom were 
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approximated with the Kenward-Rogers method. Significant interactions between continuous 

variables were probed using the Johnson-Neyman technique (Johnson & Neyman, 1936).  

For transparency we also include results with outliers included in Supplementary 

Materials. 

2.2 Results 

2.2.1 Descriptive statistics 

The descriptive statistics for each of the main variables used in the analyses can be 

found in Table 1 and Table 2 below, as well as bivariate correlations between the variables. As 

shown in Table 1, GA subscale scores across the three time points were moderately to highly 

correlated, RULES total scores across time points were also moderately to highly correlated. 

Furthermore, RULES and GA subscale scores were moderately to highly correlated with each 

other at each time point. Table 2 shows that HBQ internalising scores across the three time 

points were moderately to highly correlated, as were HBQ externalising scores. RULES, HBQ 

internalising scores and HBQ externalising scores were all moderately to highly correlated with 

each other at each time point, apart from TP1 RULES and TP3 HBQ externalising scores, which 

were weakly correlated. 
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Table 1. Means, standard deviations, and correlations with confidence intervals for the RULES, PAS/SCAS GA subscale score and STAI scores at each time 

point 

Variable M SD 1 2 3 4 5 6 7 8 

           
1. TP1 RULES 35.01 11.48                 
                      
2. TP2 RULES 34.38 14.95 .62**               
      [.52, .71]               
                      
3. TP3 RULES 35.76 15.62 .51** .78**             
      [.38, .62] [.70, .84]             
                      
4. TP1 GA subscale score 0.34 1.11 .74** .53** .42**           
      [.67, .80] [.41, .63] [.28, .55]           
                      
5. TP2 GA subscale score 0.19 1.11 .46** .68** .53** .56**         
      [.32, .57] [.59, .76] [.40, .64] [.44, .66]         
                      
6. TP3 GA subscale score 0.41 1.39 .34** .45** .60** .38** .57**       
      [.19, .48] [.31, .58] [.48, .69] [.23, .51] [.45, .67]       
                      
7. TP1 STAI 40.01 9.84 .26** .08 .09 .23** .12 .03     
      [.12, .39] [-.07, .23] [-.07, .25] [.08, .36] [-.04, .27] [-.13, .19]     
                      
8. TP2 STAI 42.82 10.36 .10 .19* .16 .12 .13 .16 .66**   
      [-.05, .25] [.03, .33] [-.00, .32] [-.03, .27] [-.02, .28] [-.01, .31] [.56, .74]   
                      
9. TP3 STAI 42.48 9.62 .12 .18* .23** .18* .18* .28** .60** .74** 
      [-.04, .28] [.01, .33] [.07, .38] [.01, .33] [.01, .33] [.12, .42] [.48, .69] [.66, .81] 
                      

Note: * indicates p < .05. ** indicates p < .01. Child generalised anxiety scores have been z-scored based on the published norms 
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Table 2. Means, standard deviations, and correlations with confidence intervals for RULES, HBQ internalising HBQ externalising and STAI scores at each time 

point 

Variable M SD 1 2 3 4 5 6 7 8 9 10 11 

              

1. TP1 RULES 35.01 11.48                       

                            

2. TP2 RULES 34.38 14.95 .62**                     

      [.52, .71]                     

                            

3. TP3 RULES 35.76 15.62 .51** .78**                   

      [.38, .62] [.70, .84]                   

                            
4. TP1 HBQ 
Internalising 

2.68 2.28 .76** .52** .46**                 

      [.69, .82] [.40, .62] [.32, .58]                 

                            
5. TP2 HBQ 
Internalising 

3.62 2.79 .54** .77** .71** .66**               

      [.42, .64] [.70, .82] [.62, .79] [.56, .74]               

                            
6. TP3 HBQ 
Internalising 

4.19 3.15 .37** .52** .74** .43** .72**             

      [.22, .50] [.39, .63] [.66, .81] [.29, .55] [.63, .79]             

                            

7. TP1 HBQ 
Externalising 

3.10 1.90 .43** .36** .37** .51** .46** .30**           

      [.30, .54] [.22, .49] [.23, .51] [.39, .61] [.33, .57] [.14, .44]           

                            

8. TP2 HBQ 
Externalising 

3.35 2.38 .30** .55** .53** .37** .60** .43** .68**         

      [.15, .44] [.44, .65] [.40, .64] [.23, .50] [.49, .69] [.28, .55] [.59, .76]         

                            

9. TP3 HBQ 
Externalising 

3.00 2.37 .19* .43** .62** .27** .54** .59** .52** .76**       

      [.03, .34] [.29, .56] [.51, .71] [.11, .41] [.41, .64] [.48, .69] [.40, .63] [.69, .83]       

                            

10. TP1 STAI 40.01 9.84 .26** .08 .09 .31** .15 .17* .30** .19* .22**     
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      [.12, .39] [-.07, .23] [-.07, .25] [.17, .44] [.00, .30] [.00, .32] [.16, .43] [.04, .34] [.06, .37]     

                            

11. TP2 STAI 42.82 10.36 .10 .19* .16 .15 .24** .21* .14 .24** .23** .66**   

      [-.05, .25] [.03, .33] [-.00, .32] [-.00, .30] [.09, .38] [.05, .36] [-.02, .29] [.09, .38] [.07, .38] [.56, .74]   

                            

12. TP3 STAI 42.48 9.62 .12 .18* .23** .23** .23** .31** .17* .24** .27** .60** .74** 

      [-.04, .28] [.01, .33] [.07, .38] [.07, .38] [.07, .38] [.16, .45] [.01, .32] [.07, .39] [.11, .41] [.48, .69] [.66, .81] 
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2.2.2 Linear mixed effect models and hierarchical growth curve analyses 

Growth curve analyses were run to examine the effects of RULES on trajectories of GA 

subscale score, HBQ internalising and HBQ externalising scores using the lme4 package in R (R 

Core Team, 2022). Models were run examining RULES and: 1) GA subscale score; 2) HBQ 

internalising score ;3) HBQ externalising score, all including STAI and marital status as controls. 

Residuals for all linear mixed-effects models were checked, and these were not normally 

distributed. A number of outliers were detected using Cook’s distance (4/n) (Model 1, n = 19; 

Model 2, n = 24; Model 3, n = 23). Each model was run with outliers removed, which greatly 

improved normality of residuals. The results for these models are reported below (see Table 

3). For transparency, models without outliers removed, and models without STAI and marital 

status included, can be found in Supplementary Materials; patterns of results were very 

similar.  

2.2.3 Model 1 RULES and GA subscale score models controlling for STAI and marital status, 

19 outliers removed 

RULES was a significant predictor of GA subscale score[F[1] = 114.85, p < .001], and 

there was a significant linear effect of time [F[1] = 5.93, p = .015] and quadratic effect of time 

[F[1] = 6.73, p = .010]. Marital status was not a significant predictor [F[2] = 2.14, p = .121], 

however STAI was [F[1] = 4.28, p = .039]. There were significant interactions between RULES 

and the linear effect of time [F[1] = 19.03, p < .001] as well as the quadratic effect of time [F[1] 

= 5.05, p = .025]. To explore this interaction, the raw data and quadratic curves were plotted 

(see Fig. 4A). This indicates that for children with high RULES scores, anxiety decreased 

between TP1 and TP2 and then increased slightly between TP2 and TP3, showing a clear 

quadratic effect with a linear decrease over time. In contrast, participants with low RULES 
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scores showed a very small increase in anxiety over time. Consistent with this, the Johnson-

Neyman technique showed that a higher RULES score was linked to a decrease in GA subscale 

score over time (Fig 1A) whereas a low RULES score was linked to an increase in GA subscale 

score over time, however this was predominantly outside the range of observed data. Further 

probing of the interaction between RULES and the quadratic effect of time using the Johnson 

Neyman technique showed that with high RULES scores there is a quadratic effect of time 

which is not present when RULES scores are lower (Fig 1B). GA subscale scores remained lower 

for those with low RULES scores relative to participants with high RULES scores across all time 

points.  

A B  

Fig 1. RULES and GA subscale score, controlling for STAI and marital status with outliers 

removed. A & B show Johnson-Neyman plots illustrating the significant interaction effects. 

Plot A shows the relation between RULES scores and linear slope of GA subscale score over 

time. Plot B shows the relation between RULES and the quadratic slope of GA subscale score 

over time. The range of observed data is shown by the bold black horizonal line, the blue 

shaded areas show where the slopes were significant (p < .05), and the red shaded areas show 

where the slopes were not significant (n.s). RULES moderated a decrease of GA subscale score 

over time (A); when RULES scores were ≥ -0.11, the linear decrease of GA subscale score over 
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time differed significantly from zero. The higher the RULES, the stronger the linear decrease of 

GA subscale score over time. The opposite was found with low RULES scores. Where RULES ≤ -

1.30, there was a linear increase in GA subscale score over time, however this lay 

predominantly outside of the range of observed data. Plot B shows that when looking at the 

quadratic effects of time, RULES moderated an increase of GA subscale score; when RULES 

was ≥ -0.24, the quadratic effect of time differed significantly from zero.  

2.2.4 Model 2: RULES and HBQ Internalising models controlling for STAI and marital 

status, 24 outliers removed 

RULES was a significant predictor of HBQ Internalising [F[1] = 119.12, p < .001], and 

there was a significant linear effect of time [F[1] = 33.49, p < .001]. The quadratic effect of time 

approached significance [F[1] = 3.18, p = .075]. There was no significant effect of marital status 

[F[2] = 2.29, p = .104], but there was a significant effect of STAI [F[1] = 29.31, p < .001]. There 

was a significant interaction between RULES and linear effect of time [F[1] = 14.06, p < .001], 

but the interaction between RULES and quadratic effect of time did not reach significance [F[1] 

= 2.75, p = .098]. To explore the interaction raw data and linear curves are visualised in Fig 4B. 

This shows that, although there was a linear increase in HBQ Internalising score overall, HBQ 

Internalising was relatively stable over the three time points for those with high RULES scores, 

however those with low RULES scores had a linear increase in HBQ Internalising across the 

time points. Across all time points, participants with low RULES scores had lower symptoms 

levels than those with high RULES scores. Further probing of the interaction between RULES 

and the linear effect of time using Johnson-Neyman technique supported this; a lower RULES 

score was linked to an increase in HBQ Internalising scores over time (Fig 2) whereas a higher 

RULES score was linked to a decrease in HBQ internalising scores over time, however this was 

predominantly outside the range of observed data.  
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Fig 2. RULES and HBQ Internalising controlling for STAI and marital status with outliers 

removed. Figure 2 shows a Johnson-Neyman plot illustrating the significant interaction effects. 

It shows the relation between RULES scores and linear slope of HBQ Internalising over time. 

The range of observed data is shown by the bold black horizonal line, the blue shaded areas 

show where the slopes were significant (p < .05), and the red shaded areas show where the 

slopes were not significant (n.s). RULES moderated an increase of HBQ internalising over time; 

when RULES scores were ≤  0.82, the linear increase of HBQ internalising over time differed 

significantly from zero. The lower the RULES, the stronger the linear increase of HBQ 

internalising over time. The opposite was found with high RULES scores. Where RULES ≥3.38, 

there was a linear decrease in HBQ internalising over time, however this lay predominantly 

outside of the range of observed data.  

2.2.5 Model 3: RULES and HBQ Externalising models controlling for STAI and marital 

status, 23 outliers removed 

RULES was a significant predictor of HBQ Externalising [F[1] = 22.33, p < .001] but 

there was no significant linear effect of time [F[1] = 2.69, p = .102], and the quadratic effect of 

time only approached significance [F[1] = 3.37, p = .067]. There was however a significant 
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effect of STAI [F[1] = 23.33, p < .001] and a significant effect of marital status [F[2] = 3.48, p = 

.033]. There was no significant interaction between RULES and the linear effect of time [F[1] = 

2.15, p = .143, but there was a significant interaction between RULES and the quadratic effect 

of time [F[1] = 5.41, p = .021]. To explore this interaction, the raw data and quadratic curves 

are visualised in Fig 4C. This shows that, for those with high RULES scores there was a slight 

increase between TP1 and TP2 and a steeper decrease between TP2 and TP3. The HBQ 

externalising scores were relatively stable over the three time points for those with low RULES 

scores. HBQ externalising scores remained lower for those with low RULES scores relative to 

participants with high RULES scores across all time points. Further probing of this interaction 

using the Johnson-Neyman technique revealed that at higher levels of RULES, there was a 

stronger quadratic curve over time for HBQ Externalising scores; no significant quadratic curve 

was found at lower RULES scores (Fig 3).  

 

Fig 3. RULES and HBQ Externalising controlling for parental anxiety and marital status with 

outliers removed. This figure shows a Johnson-Neyman plot illustrating significant interaction 

effects. It shows the relation between RULES and the quadratic slope of HBQ externalising 

over time. The range of observed data is shown by the bold black horizonal line, the blue 
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shaded areas show where the slopes were significant (p < .05), and the red shaded areas show 

where the slopes were not significant (n.s). Figure 3 shows that when looking at the quadratic 

effect of time, RULES moderated an decrease in HBQ Externalising ; when RULES was ≥ 0.06, 

the quadratic effect of time differed significantly from zero. 
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Table 3. LMM Results for models predicting Generalised Anxiety Subscale, HBQ Internalising and HBQ Externalising symptoms.  

  GA Subscale Scores HBQ Internalising HBQ Externalising 

Predictors 
Estima

tes 
CI p 

Estima
tes 

CI p 
Estima

tes 
CI p 

Intercept 0.51 0.19 – 0.84 0.002 4.05 3.30 – 4.81 <0.001 4.09 3.28 – 4.90 <0.001 

RULES 0.58 0.47 – 0.69 <0.001 1.32 1.08 – 1.56 <0.001 0.62 0.36 – 0.87 <0.001 

Linear Time -0.13 -0.24 – -0.03 0.015 0.66 0.43 – 0.88 <0.001 -0.14 -0.31 – 0.03 0.101 

Quadratic Time 0.14 0.03 – 0.24 0.010 -0.20 -0.42 – 0.02 0.075 -0.15 -0.31 – 0.01 0.067 

STAI 0.09 0.01 – 0.18 0.038 0.53 0.34 – 0.72 <0.001 0.42 0.25 – 0.59 <0.001 

Marital Status - Two Parents at home -0.34 -0.68 – 0.01 0.058 -0.87 -1.66 – -0.07 0.034 -1.14 -2.00 – -0.28 0.009 

Marital Status - Other -0.15 -0.61 – 0.30 0.505 -0.68 -1.71 – 0.35 0.194 -1.18 -2.29 – -0.07 0.038 

RULES x Linear Time -0.23 -0.34 – -0.13 <0.001 -0.43 -0.66 – -0.21 <0.001 -0.13 -0.30 – 0.04 0.143 

RULES x Quadratic Time 0.13 0.02 – 0.24 0.025 -0.19 -0.42 – 0.04 0.098 -0.20 -0.36 – -0.03 0.020 

Random Effects 

σ2 0.42 1.79 0.98 

τ00 0.32 child_ID 1.71 child_ID 2.45 child_ID 

ICC 0.43 0.49 0.71 

N 178 child_ID 178 child_ID 176 child_ID 

Observations 468 463 463 

Marginal R2 / Conditional R2 0.370 / 0.642 0.428 / 0.707 0.192 / 0.769 
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Note: RULES scores and STAI are centred. 

 

A   B    C     

Figure 4 . Data and quadratic fit for models 1 and 3 and linear fit for model 2. 4A shows child GA subscale score data, 4 B shows HBQ Internalising score 

data and 4 C shows HBQ Externalising score data, all plotted over three time points with RULES split into higher and lower RULES for plotting only. The red 

line in each figure reflects lower RULES scores (with RULES scores over 1 which is 1 SD over the mean) and the blue line higher scores of RULES (RULES 

scores under 1).
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2.3 Discussion 

This research aimed to examine whether IU in preschool-aged children is associated with 

generalised anxiety, and whether preschool IU is associated with the trajectory of generalised 

anxiety over time through to middle childhood. An additional aim was to examine whether IU was 

associated with internalising and externalising symptom trajectories to determine whether IU is 

linked to generalised anxiety specifically, rather than representing a more general risk factor for 

psychopathology at this age. We will discuss the findings in relation to each aim below. 

We hypothesised that IU would be associated with generalised anxiety in preschoolers, 

and across childhood, and that IU would interact with time to predict trends in anxiety over 

childhood. The results largely supported these hypotheses, but the pattern of effects over time 

was not consistent with our predictions. IU and generalised anxiety were significantly associated 

at each time-point, consistent with Osmanağaoğlu et al. (2018)’s meta-analysis. Limited research 

has examined associations between IU and anxiety in younger children, so these findings extend 

the existing literature and indicate that IU is linked to generalised anxiety symptoms even in 

preschoolers. IU interacted with time indicating that preschool IU predicted trends in generalised 

anxiety through to middle childhood. In contrast to what we had expected, higher IU was related 

to a decrease in generalised anxiety over time rather than an increase. For those with lower IU, 

generalised anxiety remained relatively stable over time. It is important to note that higher IU at 

baseline was related to higher overall generalised anxiety across childhood, relative to those with 

lower IU at baseline, but on average, anxiety decreased for those with higher IU as preschoolers.  

These results provide no indication that IU temporally precedes the development of 

generalised anxiety symptoms in children; preschool children with high IU do not show a 
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trajectory of worsening anxiety symptoms over time. The association between IU and generalised 

anxiety seems to already be established even in preschoolers, and those with high IU (and high 

anxiety) as preschoolers remain more anxious in middle childhood than those with low IU (and 

low anxiety). We currently however have no way to measure IU in younger children. We did find 

that preschool IU is predictive of later anxiety but trajectories show that, if anything, anxiety 

decreases over time in these children. Given this, it is not clear whether targeting IU in 

interventions with younger children would be useful for reducing future generalised anxiety. 

In relation to internalising symptoms, the results supported the hypothesis that IU would 

be associated with internalising symptoms at each time point, in line with Carleton et al. (2012). 

An interaction between IU and time was also found, with lower IU associated with a linear 

increase in internalising symptoms over time; no significant effects of time were found for high IU. 

Despite these distinct trajectories, participants with high IU had higher internalising symptoms 

across all time points relative to those with lower IU. These findings are therefore relatively 

consistent with the results for generalised anxiety; IU predicts elevated symptoms across 

childhood, but does not precede the development of internalising problems in children.  

Finally, in relation to externalising symptoms, the results supported the hypothesis that IU 

would be significantly associated with externalising symptoms at each time point. The cross-

sectional findings support previous research by Gramszlo et al. (2018) and Sadeh and Bredemeier 

(2021). In addition, there was a significant interaction between IU and quadratic time indicating 

that IU predicted trends in externalising symptoms over time. For those high in IU, there was a 

significant quadratic curve over time, with externalising symptoms increasing between TP1 and 

TP2 and decreasing between TP2 and TP3. For those with low IU, externalising scores remained 

relatively stable over the three time points. Those higher in IU had higher externalising symptoms 
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across all time points relative to those with low IU. These findings suggest that early IU may be 

associated with some initial increased risk for externalising symptoms, although these then return 

to baseline levels. IU is not typically examined in relation to externalising symptoms and there are, 

to our knowledge, no theoretical links between IU and externalising symptoms, making these 

findings difficult to interpret with any confidence. It is also noteworthy that the second time point 

happened during the Covid-19 pandemic, which could have affected externalising behaviours. 

These findings therefore need to be treated with caution, but they suggest that IU may be 

associated with a broader range of psychopathology than is typically assumed. It would be of 

interest to further explore links between IU and externalising psychopathology in future research.  

The quadratic trend over time in the high IU group for generalised anxiety symptoms was 

unexpected. Symptoms decreased between TP1 and TP2 and then increased slightly between TP2 

and TP3. The timing of the TP2 data collection in relation to the COVID-19 pandemic may provide 

some explanation for this. The UK-wide lockdown began in March 2020 and we collected TP2 

responses in May 2020. It seems plausible that by this stage of lockdown there was less 

uncertainty in children’s day to day lives than would be typical because most children were not 

attending school or any of their regular activities. This lowered uncertainty may have led to lower 

symptoms in children with high IU during this period. TP3 data were collected at a point where 

children’s lives had returned to relative normality, which may explain this relative increase in 

generalised anxiety back towards levels seen at TP1. As we did not assess the level of perceived 

uncertainty in children’s lives at each time point we cannot be confident in this explanation, but 

the quadratic trend was relatively subtle and does not impact the conclusions of the study in 

relation to the primary aims.  



61 

 

This study has a number of strengths. It is the first longitudinal study of its kind, examining 

IU and mental health symptoms from preschool age through to middle childhood. This allowed us 

to examine associations between IU and generalised anxiety at three time-points. Although 

children’s cognitive and emotional skills develop rapidly across this period, the associations 

between IU and generalised anxiety at each time-point remain strong and consistent. There was a 

relatively low attrition rate which was favourable. The COVID-19 lockdown at TP2 could be seen as 

a strength because it introduced a natural stressor into the study, however it could also be seen as 

a limitation, as it is difficult to ascertain the extent to which the pandemic was a significant 

stressor for each individual child. The use of parent-report questionnaires to examine IU also 

represents a limitation. Following on from Osmanağaoğlu et al. (2021), there have been 

discrepancies between findings from parent-report and child-report related to IU, so this may 

impede the examination of IU over time. Nevertheless, parent-report was necessary at least at the 

first time point because participants were too young to provide reliable self-report. Another point 

of note is that increased parental anxiety was linked with increases in generalised anxiety, 

internalising symptoms and externalising symptoms, supporting well-established findings (Beidel 

& Turner, 1997; Ginsburg & Schlossberg, 2002). For this reason, we chose to control for parent 

anxiety in our analyses and the above effects were also found when parent anxiety has not been 

controlled for.  

  Future work could replicate and extend the current study by comparing the RULES against 

a newly developed measure of IU; the Youth Intolerance of Uncertainty – Parent Report (YIU – PR) 

(Wong & Caporino, 2023), which may be more sensitive to developmental changes. Extension of 

longitudinal research into adolescence would also be informative and contribute significantly to 

the literature.  
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2.3.1 Conclusion 

Our findings suggest that IU is related to concurrent generalised anxiety across childhood, 

even in preschool-aged children. High IU during the preschool years was associated with higher 

generalised anxiety symptoms across childhood. Surprisingly, trajectory analysis showed that 

higher IU predicted a decrease in children’s generalised anxiety over time rather than the 

expected increase. IU may, therefore, not play a causal role in the onset of generalised anxiety in 

preschool-aged children and may, instead, be a consistent correlate of generalised anxiety across 

childhood. Alternatively, because we started our research when children were preschoolers, it is 

possible that IU may be involved in the onset of generalised anxiety but that this process may 

occur earlier in development, meaning that IU and generalised anxiety are already associated in 

preschoolers.  In addition, there was a consistently strong association across all time-points 

between IU and internalising and externalising symptoms, supporting the notion that IU is 

associated with a range of psychopathologies.  
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Abstract 

Curiosity and intolerance of uncertainty (IU) are both thought to drive information seeking 

but have very different affective profiles; curiosity is associated with positive affective responses 

to uncertainty and improved learning outcomes, whereas IU is associated with negative affective 

responses and anxiety. Curiosity and IU have not previously been examined together in children 

but may both play an important role in understanding how children respond to uncertainty. Our 

research aimed to examine how individual differences in parent-reported curiosity and IU were 

associated with behavioural and emotional responses to uncertainty. Children aged 8-12 (n=133) 

completed a game in which they were presented with an array of buttons on the screen that, 

when clicked, played neutral or aversive sounds. Children pressed buttons (information seeking) 

and rated their emotions and worry under conditions of high and low uncertainty. Facial 

expressions were also monitored for affective responses. Analyses revealed that children sought 

more information under high uncertainty than low uncertainty trials and that more curious 

children reported feeling happier. Contrary to expectations, IU and curiosity were not related to 

the number of buttons children pressed, nor to their self-reported emotion or worry. However, 

exploratory analyses suggest that children who are high in IU may engage in more information 

seeking that reflects checking or safety-seeking than those who are low in IU. Additionally, our 

findings suggest that there may be age-related change in the effects of IU on worry, with IU more 

strongly related to worry in uncertain situations for older children than younger children.  

Keywords: Intolerance of Uncertainty, curiosity, uncertainty, emotion, behaviour, children  
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3 Introduction 

Uncertainty, a state of imperfect or unknown information, is pervasive in everyday life and 

leads to complex patterns of behavioural and affective responses. While humans are generally 

motivated to resolve uncertainty (Kruglanski et al., 2020), they also tend to find uncertainty 

uncomfortable or aversive (van Lieshout et al., 2021). Despite these general trends, individuals 

differ in their responses to uncertainty, resulting in positive and negative behavioural, emotional 

and cognitive responses (Hillen et al., 2017). Whilst some people find uncertainty exciting and 

motivating, easily interacting with it, others have difficulty coping with uncertainty and experience 

psychological distress when faced with it (Stewart et al., 2010). These individual differences in 

dealing with uncertainty are conceptually associated with curiosity and Intolerance of Uncertainty 

(IU) respectively. These two constructs come from largely siloed areas of psychological research 

and there is, therefore, a dearth of research considering them together. Curiosity is typically 

studied with relation to motivation and education and is associated with enhanced learning in the 

face of uncertainty (Gruber et al., 2014; von Stumm et al., 2011) along with enhanced wellbeing 

(Kashdan et al., 2004). In contrast, IU is typically studied from a clinical perspective and is 

associated with elevated anxiety and worry under uncertainty (Dugas et al., 1998; Dugas et al., 

2001). Having a better understanding of how children respond to uncertainty and how responses 

are associated with IU and curiosity has relevance to both children’s learning and their mental 

health. This study uses a novel behavioural task to examine how children’s responses to 

uncertainty are associated with individual differences in curiosity and IU. 

Curiosity is a complex and multifaceted construct (Grossnickle, 2016), and there is still 

considerable debate over how it is best defined (Kidd & Hayden, 2015). Here, we follow Jirout and 

Klahr (2012)’s operationalisation of curiosity as a preference for uncertainty that drives 
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exploratory behaviour. Anecdotally, children exhibit curiosity when given a wrapped (and thus 

uncertain) gift – they ask questions to establish what is inside, shake it, smell it, explore it and 

open it, to satiate their curiosity. Indeed, studies of children’s exploratory behaviour have 

demonstrated that from an early age, children explore and seek information through their 

interactions with their environment and questioning of more knowledgeable adults (Callanan & 

Oakes, 1992; Frazier et al., 2009). From infancy, children’s attention is often directed towards 

uncertain or unpredictable events, maximising their opportunities for experiential learning (Kidd 

et al., 2012; Schulz & Bonawitz, 2007). 

There are individual differences in children’s curiosity, with higher levels of curiosity 

associated with both academic and wellbeing outcomes. Individual differences in curiosity are 

associated with differences in academic achievement, showing strong predictive validity over time 

(Gottfried et al., 2016; Shah et al., 2018). Indeed, in one study, primary-aged children who 

preferred to explore more uncertain environments in a computer game were found to acquire 

more information and learn more in an inquiry-based learning context than those who preferred 

the less uncertain environments (van Schijndel et al., 2018). Kashdan et al. (2004) found that, in 

adults, curiosity is related to positive affect and life satisfaction, and Jovanovic and Brdaric (2012) 

found the same in adolescents, along with an association between curiosity and a greater sense of 

purpose in life. Shoshani (2019) found that in 3- to 6-year-olds, parent-reported curiosity was 

positively related to a host of other positive character traits including creativity and social 

intelligence, and that a broader factor of ‘intellectual strengths’ was positively related to 

emotional wellbeing. Thus, it seems plausible that those with greater curiosity may have more 

positive affective responses to uncertain situations than those with lower trait curiosity. 
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A more nuanced approach to the affective character of curiosity can also be considered. 

As well as positive feelings of interest and excitement at the prospect of new knowledge, 

sometimes curiosity may be associated with frustration or a sense of deprivation as a result of not 

having information. Litman and Silvia (2006) suggest that there are two types of curiosity, interest 

type, which is motivated by the desire for new information and is associated with positive feelings 

about that information, and deprivation type, which is motivated by a lack of information and is 

associated with unpleasant feelings of deprivation and frustration until the information is gained. 

This distinction has been identified in both adults and children (Litman, 2008; Piotrowksi et al., 

2014). Recent research with adults suggests that the benefits of curiosity may be more strongly 

associated with interest- than with deprivation-type curiosity (Whitecross & Smithson, 2023). 

When measuring children’s trait curiosity, the only validated measure is the parent-report 

questionnaire Epistemic Curiosity in Young Children (I/D-YC) (Piotrowksi et al., 2014). This 

measure has separate scales for interest- and deprivation-type curiosity, and a two-factor model 

has been found to provide the best fit although the two factors are strongly correlated. To our 

knowledge, relationships between children’s behavioural and affective responses to uncertain 

situations and individual differences in trait curiosity (in general or separated into subtypes) have 

not previously been explored.  

Intolerance of Uncertainty (IU) is a trait characterised by finding uncertainty aversive or 

distressing (Carleton, 2016a). IU is defined as having a “dispositional incapacity to endure the 

aversive response triggered by the perceived absence of salient, key, or sufficient information, and 

sustained by the associated perception of uncertainty” (Carleton, 2016b, p. 32). Despite 

uncertainty itself being aversive, the perception or presence of threat may bring about a negative 

response to uncertainty (Osmanağaoğlu et al., 2018; Tanovic et al., 2018). The distress felt by 



75 

 

individuals high in IU is thought to be underpinned by dysfunctional processing of uncertainty 

(Grupe & Nitschke, 2011). It is theorised that, in high IU individuals, uncertainty stimulates worry 

and that those high in IU are, in turn, more likely to engage with that worrying (Koerner & Dugas, 

2008) and have IU “running in the background” as they navigate the world (Hebert & Dugas, 

2019).  

For people high in IU, feeling uncertain may lead to information seeking behaviour such as 

compulsive checking of light switches or locks or seeking health related tests and screenings 

(Fourtounas & Thomas, 2016; Rosen & Knäuper, 2009). Research has shown that adults with 

Generalised Anxiety Disorder (GAD), a condition strongly associated with IU, use these so-called 

“safety behaviours” to reduce the discomfort associated with uncertainty (Hebert & Dugas, 2019). 

For anxious adults, the desire to resolve uncertainty can be so strong that information is sought 

even when it comes at a cost (Bennett et al., 2020). Thus, whilst information seeking behaviour 

may be expected in both those high in IU and highly curious individuals, the affective responses to 

uncertain situations would be expected to differ between these groups. It seems somewhat self-

evident that those who are high in IU would be expected to experience negative affective 

responses to uncertain situations. 

The majority of research examining IU has focused on adults but there is an emerging 

literature exploring IU in children. This work was reviewed by Osmanağaoğlu et al. (2018) who 

found that IU has a consistent strong association with both anxiety and worry. The review also 

highlighted that research has relied almost entirely on questionnaire measures. In the first study 

to examine behaviour in response to uncertainty and IU in preadolescent children, Osmanağaoğlu 

et al. (2021) used an adaptation of the Beads task (Jacoby et al., 2014). In this task, children were 

asked to select beads one at a time from a hidden jar and asked to decide which jar (from a variety 
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of options) the beads were coming from. The colour of the beads in the jars varied at different 

ratios to provide different levels of uncertainty.  On average, as uncertainty increased in the task, 

information seeking increased, as well as self-reported worry.  In relation to IU, Osmanağaoğlu et 

al. (2021) found that task-related worry was associated with children’s self-reported IU but that 

neither parent nor child self-reported IU were associated with information seeking. Osmanağaoğlu 

et al. (2021) interpreted these findings as indicating that when pre-adolescent children self-report 

using IU questionnaires, they “capture subjective, affective reactions to uncertainty” 

(Osmanağaoğlu et al., 2021, p. 7), hence why scores were only associated with self-reported worry 

and not information seeking behaviour (Osmanağaoğlu et al., 2021; see also Krain et al., 2006, 

2008). Osmanağaoğlu et al. (2021) also theorized that parents may respond to IU questionnaires 

based on their child’s observable behaviour so we may be more likely to find associations 

between child behaviour and parent-reported IU, as opposed to child self-report. 

Despite the fact that both curiosity and IU describe people’s dispositional responses to 

uncertainty, to date there is very little empirical or theoretical work bringing these constructs 

together, largely resulting from these constructs being developed and investigated in siloed 

research fields. An exception to this is a recent series of studies examining individual differences in 

adults’ information seeking (Jach et al., 2022; Jach & Smillie, 2021). In these studies, information 

seeking was assessed for two types of information – information relating to the veracity of 

arbitrary choices, and information relating to upcoming reward outcomes (whether they had won 

a bonus in the last game). Curiosity and IU, as well as several other personality traits, were 

measured via self-report questionnaires with adults. Across these studies, curiosity was more 

likely to be related to seeking of arbitrary information whereas IU was related to seeking of 

information about reward outcomes. Interestingly, across these studies, moderate significant 
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positive associations between IU and deprivation-type curiosity and moderate negative 

associations between IU and interest-type curiosity were found. These authors also found some 

moderate relationships with other constructs relating to uncertainty such as ambiguity tolerance 

and openness to experience. 

Experimental research has demonstrated that, in general, humans tend to be motivated 

to resolve uncertainty. Several studies have shown that uncertainty leads to information seeking, 

even when there is a possibility of a negative outcome (FitzGibbon et al., 2021; Hsee & Ruan, 

2016), although these studies are so far limited to adult populations. For example, Hsee and Ruan 

(2016) explored information seeking in adults by conducting four studies where uncertainty was 

manipulated and could be resolved by participants but, resolution required participants to risk 

negative consequences. In their third study (on which the design of the current experiment was 

based), Hsee and Ruan (2016) presented participants with an array of labelled buttons each 

indicating that, when pressed, they would play a neutral or aversive sound. There were also 

buttons labelled with ‘?’ indicating that they could play either the neutral or aversive sound. In the 

certain condition, there were 44 certain buttons and 4 uncertain, and vice versa for the uncertain 

condition. Participants were invited to press as many or as few buttons as they liked during the 

study which would last a few minutes. These authors found that in the uncertain condition 

participants clicked more buttons than in the certain condition. They also found that the more 

buttons a participant clicked the worse they felt, and participants in the uncertain condition felt 

significantly less happy than those in the certain condition. This pattern, that was observed across 

the series of studies, suggests that the drive to resolve uncertainty can outweigh the negative 

consequences of doing so. However, individual differences in responses to more or less uncertain 

situations were not previously explored in these studies, so it is not yet known whether there are 
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individual differences in the motivational underpinnings of their information seeking under 

uncertainty and the affective responses that correspond with it.  

There is currently limited research exploring IU and curiosity together in the context of 

uncertainty and it is not well understood how IU and curiosity are associated with affect and 

information seeking behaviour in children. To address this, we created a behavioural task in which 

uncertainty was manipulated and both affective responses and information seeking behaviour 

was measured. Our task was based on Hsee and Ruan (2016)’s Study 3 where greater uncertainty 

was associated with more information seeking, even when there was a possibility of a negative 

outcome. The task allows information seeking and affect to be captured under varying levels of 

uncertainty. In case it is not just the aversiveness of the uncertainty causing the response but the 

presence of possible threat, we have included a mildly aversive stimulus. In the task, children are 

presented with an array of buttons on the screen that, when clicked, play neutral or aversive 

sounds. Uncertainty was manipulated between trials by giving the buttons informative (low 

uncertainty) or uninformative (high uncertainty) labels. Information seeking behaviour was 

indexed by the number of buttons children pressed. In addition, affective responses were 

observed via videos of children’s faces and via self-report of emotional valence and worry after 

initial exposure to each button array. 

 The first aim of the study was to evaluate whether children’s information seeking 

is related to curiosity and IU by examining associations between the number of buttons pressed 

and parent-reported IU and curiosity. We hypothesised that both higher IU and higher curiosity 

would be associated with more button presses, indicative of greater information seeking. The 

second aim was to evaluate whether curiosity was associated with positive emotional responses 

to uncertainty by examining associations between parent-reported curiosity and both the child’s 
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facial affect and self-reported emotional valence. We expected higher curiosity to be associated 

with positive emotional responses to uncertainty in high uncertainty trials but not in low 

uncertainty trials. Our final aim was to evaluate whether IU was associated with negative 

emotional responses to uncertainty, again through the child’s facial affect and self-reported 

emotional valence, but also through self-reported worry. We hypothesised that higher IU would 

be associated with more negative emotional responses in higher uncertainty trials.  

3.1 Method 

3.1.1 Pre-registration 

The design, sample size, hypotheses and analysis plan for the study were pre-registered 

on OSF. Further detail can be found here.  

3.1.2 Participants 

Participants were 133 children, recruited via two lab databases and social media posts. An 

a priori power calculation determined that a sample size of 132 participants would be sufficient to 

reach 80% power for a small interaction effect (standardised beta = 0.02 - 0.05) based on the 

variance in pilot data (see the preregistration for further details). Of the 133 participants, 68 were 

boys, 64 girls and one preferred not to say. Their ages ranged from 8 to 12.96 years (M = 9.71 

years, SD = 1.30). The majority identified as White (111) and 11 as Asian, 2 as Black, 8 as Mixed 

Race and 1 as Arab. The majority of parents reported completion of a higher education degree (49 

Bachelors degree, 34 Masters degree, 33 Postgraduate degree). Of the other parents, 3 achieved 

GCSEs, 3 A Levels, 10 College Course Certificates, and 1 preferred not to say. All children in the 

study met the following inclusion criteria: they had normal or corrected hearing and vision, were 

typically developing and were living in the UK (so that safeguarding procedures relating to video 

https://osf.io/3xyub/?view_only=9bdf9fab820e4d05b65921601408aac0
https://osf.io/z8nps/?view_only=96f2b482358c48e697d6b46f738722d7
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recordings could be followed). This project was approved by the School of Psychology and Clinical 

Language Sciences Ethics Committee at the University of Reading (2020-072-HD). Further 

demographic information is available in Supplementary Materials (Table S1). 

3.1.3 Exclusions 

24 additional parents completed the questionnaires but did not meet the above inclusion 

criteria, so their children were not invited to complete the game. A further 12 questionnaire 

responses were flagged as suspicious based on their responses to address and name open-text 

questions– subsequent emails for clarification of responses were ignored therefore these families 

were not invited to complete the game. Further detail can be found in the Supplementary 

Materials. 

An additional 36 participants were eligible for the study but were not included in the final 

dataset because their parents did not complete the questionnaires (7), they did not start the game 

(22), they had technical issues with the game (6), or they withdrew after the practice round (1). 

Videos recorded from the webcam during the task were checked for parental interference and no 

participants were excluded on this basis. No participants were excluded after completing the task. 

3.1.4 Parent-report Measures 

Parents completed questionnaires about their child’s curiosity and IU and provided 

demographic information via an online form.  

3.2.4.1 Curiosity. Children’s trait curiosity was measured using the 10 item parent-report 

Interest/Deprivation-Young Children (I/D-YC) scale (Litman, 2005; Piotrowksi et al., 2014), which is 

currently the only validated individual differences measure of children’s curiosity. The measure 

has two scales capturing two dimensions of curiosity (Litman, 2005). The I-type subscale captures 
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intellectual interest in obtaining new knowledge with questions such as “My child has fun learning 

about new topics or subjects” and the D-type subscale captures the desire to obtain knowledge to 

reduce information deprivation with questions like “My child is bothered when he/she does not 

understand something and tries to make sense of it”. The I/D-YC uses a 4-point Likert scale where 

1 indicates “almost never”, 2 “sometimes”, 3 “often” and 4 “almost always”. A validation study 

with children aged 3 to 8 revealed that the I/D-YC scale demonstrates satisfactory construct 

validity and acceptable internal consistency for both the I-type (α = 0.85) and D-type scale (α = 

0.80), and the two subscales are highly correlated (r = .84) (Piotrowksi et al., 2014). We also found 

the subscales to be correlated r(131) = 0.47, p < .001 (see Table 1), although to a lesser extent 

than in previous research. Internal consistency for the whole scale was very good in our sample (α 

= 0.82). In line with previous research (Jansen et al., 2021) looking at curiosity generally, we 

combined the two subscales to produce a single measure of curiosity in our main analyses. 

Additionally, we explored the separate effects of the two subscales. 

3.2.4.1 Intolerance of Uncertainty. The child’s responses to uncertainty were captured via 

the 17 item parent-report Responses to Uncertainty and Low Environmental Structure (RULES) 

questionnaire (Sanchez et al., 2017). The RULES uses a 5-point Likert scale where 1 is “not at all”, 3 

is “somewhat” and 5 is “very much”, asking questions such as “My child has a hard time coping 

with even minor changes” and “My child seeks reassurance prior to entering an unfamiliar 

situation”. The RULES scale is validated as a measure of children’s IU, has demonstrated 

convergent validity and strong internal consistency (α = 0.93) as a parent-report measure in child 

samples, including those under the age of 10 years (Sanchez et al., 2017). Internal consistency was 

excellent in our sample (α = 0.90).  
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3.1.5 Task Procedure 

After completing the questionnaires, parents were sent a link to the Uncertain World 

online game if the inclusion criteria were met. Completion of the game was ‘asynchronous’, with 

no live interaction with the researcher. The game was built using jsPsych (de Leeuw, 2014) in html 

and JavaScript and run directly from a web server hosted by the University of Reading. The task 

materials and programme can be found in the GitHub directory in the pre-registration (here). 

Parents were asked to allow the browser access to the computer’s webcam and microphone and 

to enter a word that was played through the speakers as a means of checking the computer audio. 

Parents were then asked to hand control of the computer to their child.  

First, children completed a practice phase. A computerized voice provided the child with 

instructions for the game. Children were taught about how the symbols represented neutral (“ok” 

hand gesture) and aversive (“thumbs down” hand gesture) sounds as well as how the question 

mark symbol represented uncertain buttons. Children were required to press buttons and hear 

example sounds in the practice phase. There was then a check to confirm that the child heard the 

sounds in the practice, and that they wished to proceed with the game. If they answered yes to 

both of these checks, then they proceeded to the test trials.  

Children completed four test trials, two with high uncertainty, two with low uncertainty 

(see Trial Design for more details) in a counterbalanced order. Each of the four test trials consisted 

of a camera check, an anticipatory period, three self-report questions, and a button pressing 

phase (see Figure 1). To ensure that the child could be seen by the webcam, they were shown the 

video feed from the webcam positioned in a spaceship window on the screen. Children were 

asked to make sure they could see themselves in the window of the spaceship before each trial. 

When the child was happy they could see themselves, they clicked a button “Next” to proceed 

https://osf.io/z8nps/?view_only=96f2b482358c48e697d6b46f738722d7
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with the trial. In the anticipation period, the 48 buttons for the trial ahead were shown on the 

screen for 10 seconds. During this phase, children were instructed to look at the buttons but not 

press them and their faces were recorded via the webcam for coding of affective responses (see 

Facial affect recording, coding and scoring section).  The child was asked to self-report emotional 

valence, worry and uncertainty (see Self-reported emotion valence, worry and uncertainty 

section). In the button pressing phase, the buttons were activated for one minute, and children 

could press as many or as few buttons as they liked and hear the sounds. A neutral and an 

aversive sound was allocated to each of the four trials (see Trial Design for more details). Neutral 

and aversive sounds selected from the International Affective Digitized Sounds-2 (IADS-2) 

database (Bradley & Lang, 2007) were used in the task (see Supplementary Materials for details).  

As a manipulation check, once all four trials were completed, the child rated how each 

sound made them feel. They were then asked to hand over to their parent. The parent was asked 

to confirm consent for the video to be uploaded, and was then provided with a debrief for the 

project on screen, with an option to download it. Parents were then sent a £5 voucher as a 

contribution to their reasonable expenses incurred in taking part in the research. 

 



84 

 

 

Figure 1. Trial procedure depicting a high uncertainty trial. Self-report measures were 

displayed until a response was made. Buttons were only responsive in the Button pressing phase. 

Measures captured during each phase of the trial are shown in italics. Note: Please refer to the 

online version of the article for the colour version of this figure. 

3.2.5.1 Trial design. In each of the four trials, 48 buttons were shown on the screen.  

Allocation of sounds to buttons followed the procedure from Hsee and Ruan (2016)’s buttons task 

(Experiment 3). The four neutral and four aversive sounds were randomly allocated across the 

four trials such that one neutral and one aversive sound were allocated to each trial, and those 

sounds were repeated across relevant buttons in that trial. In high uncertainty trials, 44 buttons 

were uncertain, and four buttons were certain, two neutral and two aversive. In low uncertainty 

trials, 4 buttons were uncertain, and 44 buttons were certain, with 22 neutral and 22 aversive (see 
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Figure 2). Where buttons were uncertain, sounds were randomly allocated across the buttons 

such that half were allocated a neutral sound and half an aversive sound. Buttons were 

individually mapped onto sounds such that the same sound played each time a specific uncertain 

button was pressed. When a button was pressed, the sound would play for 2 seconds during 

which time the buttons were disabled, resulting in a maximum possible number of button presses 

of 30 during the 1 minute button pressing phase.   

 

Figure 2. Example button arrays for high and low uncertainty trials. Note. Please refer to 

online version of article for colour version of the figure. 

3.1.6 Task measures 

3.2.6.1 Button Presses. During the button pressing phase, children were invited to press 

as many or as few buttons as they liked. The number of button presses children made during the 
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button pressing phase on each certain and uncertain trial was recorded. The total number of 

buttons pressed per trial was used in the analyses (following Hsee and Ruan (2016). Additionally, 

for exploratory purposes, we calculated the proportion of unique, certain, and uncertain buttons 

pressed on each trial.  

3.2.6.2 Self-reported emotion valence, worry and uncertainty. To measure children’s 

emotional valance, we asked children to report how they felt about pressing the buttons in the 

round on a 5-point Self Assessment Mannikin (SAM; from “very unhappy” to “very happy”) 

(Bradley & Lang, 1994). Emotional valence rating scores were skewed towards very happy (“very 

happy” responses were made on 50% of trials).  

To measure children’s worry, we asked children to report how worried they felt about the 

round on a 4-point scale for self-reported worry (from “not at all worried” to “very worried”). Self-

report worry rating scores were skewed towards not at all worried (“not at all worried” responses 

were made on 70% of trials).  

As a manipulation check, we measured children’s uncertainty on each trial. We asked 

children to report how sure or not sure they felt about the sounds they would hear in the round 

on a 4-point scale from “not at all sure” to “very sure”. This question was arrived upon following 

piloting and feedback from children that rating uncertainty was more challenging than rating how 

sure they felt. Responses were therefore reversed to give a rating of uncertainty. Self-report 

uncertainty rating scores were skewed towards very sure (“very sure” responses were made on 

50% of trials). 

3.2.6.3 Facial affect recording, coding and scoring. Children’s faces were recorded during 

each 10 second anticipation period using the webcam. We pre-registered two measures of facial 

affect, a subjective score and an objective score, as well as a composite of the two. The master 
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coder coded all videos and reliability coder coded 20% of videos as is established practice for 

determining reliability (see Syed & Nelson, 2015). Coders were blind to the trial uncertainty.  

The subjective facial affect score was rated by the coders on a 5-point Likert scale per 

video from –2 (very unhappy) to +2 (very happy) based on their overall impression of the child’s 

affect during the trial. The Intra Class Correlation (ICC) for subjective facial affect score was .68 

with a 95% confidence interval from .56 to .77, indicating moderate reliability.  

The objective facial affect score was derived as follows. The time spent in smile and frown 

expressions were coded according to a simple coding scheme developed for this study, based on 

the Facial Action Coding System (FACS; Ekman & Friesen, 1978) and facial electromyography 

(fEMG; Cacioppo et al., 1986) methodology. The resulting measure was a proportion score 

between -1 (always frowning) and +1 (always smiling). The ICC for objective facial affect score was 

.54 with a 95% confidence interval from .39 to .67, indicating poor to moderate reliability. Further 

detail about the coding and scoring of the objective facial affect score can be found in 

Supplementary Materials. 

The subjective and objective facial affect scores were related to each other, as tested with 

a multi-level correlation analysis accounting for clustering of trials within participants, r(509) = .54, 

p < .001. Given this, we created a composite score by first scaling and then summing the 

subjective and objective scores. The ICC for the composite score was .69 with a 95% confidence 

interval from .57 to .78. It was decided that the composite score would be used in the analysis as 

it had the best ICC from the three facial affect scores, hereafter referred to as the ‘facial affect 

score’. Models using subjective and objective facial affect scores are reported in Supplementary 

Table S7.  



88 

 

3.2.6.4 Self-reported sound ratings. As a manipulation check, we asked children to rate 

each of the sounds they heard during the task. Each sound was played and children used a 5-point 

SAM scale (from “very unhappy” to “very happy”) to rate how each sound made them feel.  

3.1.7 Data Analysis 

3.2.7.1 Missing data and data cleaning. Data on the behavioural task were collected from 

133 participants, but video data was missing for four participants due to transfer issues. 

Additionally, video data for three trials was missing for one participant, and video data for one 

trial was missing from a further two participants. Trials where video data were missing were 

excluded from facial affect models.  

Data for all variables was visualised to detect outliers. Three outliers were identified for 

RULES and these scores were Winsorised at the participant level (2%), following our preregistered 

data-analysis plan. Thirteen outliers for the number of button presses (2%) and 11 outliers from 

the facial affect scores (2%) were Winsorised at the trial level, also following our preregistered 

data-analysis plan.  

Data for all three self-report measures was skewed such that the majority of responses 

were made at one end of the scale. This skew could not be corrected by transformation. We did 

not preregister a plan for dealing with skewed data. To assess the robustness of the results with 

these variables, binary variables were created taking the most frequent response (“Very happy”, 

“Not at all worried”, and “Very sure”) as one value and any other response as the second value. All 

planned analyses were repeated using the binarised version of the variable. This did not affect the 

pattern or significance of the main findings, so the planned analyses are reported and analyses 

with binary variables are reported in Supplementary Tables S5 and S6. Where differences were 

noted, these are reported alongside the reported results. 
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3.2.7.2 Preregistered analysis. The analysis plan was preregistered. The analysis strategy 

was to assess the predictive value of parent report measures of intolerance of uncertainty (RULES) 

and curiosity (I/D-YC) on four dependent variables (DVs) capturing children’s behavioural and 

emotional responses to uncertainty: number of buttons pressed, self-reported emotion, self-

reported worry, and facial affect score. The effects of intolerance of uncertainty and curiosity, as 

well as their interactions with trial uncertainty were modelled for each dependent variable. Effects 

of IU and curiosity were first modelled separately (reported in Supplementary Materials Tables S3-

S6) and then together, with negligible difference in the model estimates between the approaches.  

Linear mixed effects models were run in R (R Core Team, 2022) using the package lme4 

(Bates et al., 2014). In all models, random effects for participant (intercepts and random slopes for 

trial uncertainty) were initially included in the models, but the random effects structure was 

simplified to intercept only models in all cases to deal with convergence and singular fit errors 

across all reported models, as described in the preregistration. The syntax for each of the 

preregistered models reported in this paper are as follows:  

N_buttons_pressed ~ (I/D-YC + RULES) * trial_uncertainty + ( 1 | participant ) 

sr_emotion_valence ~ (I/D-YC + RULES) * trial_uncertainty + ( 1 | participant )  

sr_worry ~ (I/D-YC + RULES) * trial_uncertainty + ( 1 | participant )  

facial_affect ~ (I/D-YC + RULES) * trial_uncertainty + ( 1 | participant )  

Trial uncertainty was effect coded, where low uncertainty was coded -1 and high 

uncertainty was coded +1. To make model parameter estimates across RULES and I/D-YC scales 

comparable, scores for each were converted to z-scores.  
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3.2.7.3 Additional exploratory analysis. To investigate asymmetry in selection of certain 

and uncertain buttons across high and low uncertainty trials and whether this could be explained 

by curiosity and IU, we ran an additional model. On high uncertainty trials, 44 buttons were 

uncertain and 4 were certain, so certain buttons were in the minority. On low uncertainty trials, 

44 buttons were certain and 4 were uncertain, so uncertain buttons were in the minority. To 

determine whether there was asymmetry in certain and uncertain button pressing that is not 

related to the different number of each type of button available within a trial, and whether this 

was associated with trial uncertainty and individual differences in curiosity and IU, we calculated 

the proportion of minority buttons pressed and used this as the dependent variable in a new 

model. The syntax for this model is as follows: 

prop_minority_buttons_pressed ~ (I/D-YC + RULES) * trial_uncertainty + ( 1 | participant )  

Given the fairly wide age range included in our study, additional models including age 

were run to determine whether age moderated the relationships under investigation. Model 

syntax follows that of the main analysis with an additional interactive term for age, resulting in 

two- and three-way interactions between age and trial uncertainty and individual differences 

measures. The results of these additional analyses are summarised alongside the pre-registered 

analyses and reported in full in Supplementary Table S10. 

dv ~ (I/D-YC + RULES) * trial_uncertainty * age + ( 1 | participant )  

To investigate differential effects of Interest- and Deprivation-type curiosity, we repeated 

the models with each curiosity type. Model syntax follows that of the main analysis but the total 

scale score was replaced with the subscale scores. The results of these additional models are 

summarised below and reported in full in the Supplementary Tables S8-S9. 
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3.2 Results 

3.2.1 Descriptive statistics 

Descriptive statistics of child-level factors - children’s age, IU (RULES score) and curiosity 

(I/D-YC total score, Interest-type subscale score, and Deprivation-type subscale score), as well as 

their correlations are presented in Table 1. Age was not correlated with IU, curiosity, or either of 

the curiosity subtypes. IU was not related to curiosity or either of the curiosity subtypes. Both 

Interest-type and Deprivation-type scores were strongly related to the total I/D-YC score and 

moderately related to each other.  

Table 1. Means, standard deviations, and correlations with 95% confidence intervals of child age, 

IU (RULES score) and curiosity (I/D-YC total score; interest-type subscale score; and deprivation-

type subscale score). 

Variable M (SD) 1 2 3 4 

1. Child Age (years) 9.71 (1.30)       

2. IU (RULES total score) 34.89 (9.44) .02  
[-.15, .19] 

   

3. Curiosity (I/D-YC total 
score) 

28.56 (4.70) -.10 
[-.27, .07] 

 -.11 
[-.28, .06] 

  

4. Interest-type 
Curiosity (I-type 
subscale score)  

16.39 (2.62) -.15 
[-.31, .02] 

-.17 
[-.33, .00] 

.84*** 
[.79, .89] 

 

5. Deprivation-type 
Curiosity (D-type 
subscale score) 

12.17 (2.86) -.03 
[-.20, .14] 

-.03 
[-.20, .14] 

.87*** 
[.82, .91] 

.47*** 
[.33, .59] 

Note. ***p < .001. RULES scores are Winsorised. 
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Descriptive statistics for button presses across high and low uncertainty trials are 

presented in Table 2, showing the number of buttons pressed, and the proportion of these that 

were unique, certain, and uncertain buttons. In our analyses, we include the total number of 

button presses, including instances where children press a button they have pressed before. We 

note the asymmetry between the proportion of certain and uncertain button presses on high and 

low uncertainty trials. This is investigated further in additional exploratory analysis, as outlined 

above. 

Table 2. Descriptive statistics of button-pressing behaviour. Mean (standard deviation) number of 

buttons pressed per trial (Winsorised) and proportion of unique, certain, and uncertain buttons 

pressed.   

Trial Uncertainty Number of buttons Proportion unique Proportion certain Proportion uncertain 

High 18.79 (3.30) 0.81 (0.16) 0.31 (0.17) 0.69 (0.17) 

Low 18.28 (3.33) 0.84 (0.14) 0.78 (0.12) 0.22 (0.12) 

Note. One participant did not press any buttons on one low-uncertainty trial and this trial was 

excluded from the calculation of proportions. Means and standard deviations are calculated by 

first summarising across trials within participants and then across participants to account for 

clustering. 

Descriptive statistics and correlations between affect measures are presented in Table 3. 

Self-reported emotion valence and worry were negatively related to each other; the happier a 

child reported feeling, the less worried they reported feeling. Self-reported emotion valence was 

weakly positively related to the facial affect score; the happier a child reported feeling, the 

happier the coder rated their facial affect. Self-reported worry was not related to the facial affect 

score.  
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Table 3. Means, standard deviations, and correlations with 95% confidence intervals of affective 

responses at the trial level. 

Variable M (SD) 1 2  

1. Emotion-valence 
rating 

4.21 (0.74)    

2. Worry rating 1.41 (0.52) -.48*** 
[-.55, -.41] 

  

3. Facial affect score  0.02 (0.63) .13** 
[-.04, .22] 

-.08 
[-.16, .01] 

 

Note. Standard deviations are calculated at the participant level. Correlations are adjusted for 

participant-level clustering. 

3.2.2 Manipulation checks 

To check that children recognised that some trials involved more uncertainty than others, 

the effect of trial uncertainty (high or low) on uncertainty ratings was examined using a linear 

mixed effect model. There was a small but significant effect of trial uncertainty on uncertainty 

ratings (b = 0.04, 95% CI [0.01-0.07], p = .010), although we note that this was reduced to a trend 

when self-reported uncertainty was treated as a binary variable (OR = 1.22, 95% CI [0.99-1.49], p = 

.057). Children reported that they felt less sure about the sounds they would hear on the high 

uncertainty trials than on low uncertainty trials. See Supplementary Table S2 for full model results.  

To check that children found the aversive sounds unpleasant, we conducted a linear 

mixed effects model on the sound ratings taken at the end of the trial. There was a significant 

effect of valence on sound ratings (b = 0.22, 95% CI [0.18-0.27], p < .001); neutral sounds were 

rated more positively than aversive sounds. Distributions of rating scores for neutral and aversive 

sounds are reported in Supplementary Figure S1. 
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3.2.3 The influence of uncertainty, IU and curiosity on the number of button presses  

We hypothesised that there would be a positive relationship between information seeking 

under uncertainty (button presses) and both curiosity and IU, reflected in interactions between 

trial uncertainty and each individual differences measure. Across two separate models (one with 

IU as a predictor and one with curiosity as a predictor) the following results were found. In both 

models there was a significant effect of trial uncertainty on buttons presses (b = 0.01, 95% CI 

[0.00, 0.03], p = .039). Children pressed significantly more buttons in high uncertainty trials than in 

low uncertainty trials suggesting that children want to try to resolve uncertainty (see Figure 3), 

however, this effect was very small, reflected in the mean difference of less than one button in 

Table 2. IU did not predict button pressing (b = -0.02, 95% CI [-0.05, 0.01], p = .268). Curiosity did 

not predict button presses (b = 0.01, 95% CI [-0.02, 0.03], p = .716). Crucially for our hypotheses, 

neither IU (b = 0.00, 95% CI [-0.01, 0.02], p = .509) nor curiosity (b = -0.00, 95% CI [-0.02, 0.01], p = 

.554) significantly interacted with trial uncertainty to predict button presses. See Table 4 for LMM 

results. An exploratory analysis including age did not change the pattern or significance of these 

effects and no two- or three-way interactions with age were significant, see Supplementary Table 

S10 for the LMM results. 
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Figure 3: Effect of trial uncertainty on button presses (Winsorised). The lines show the median, 

whiskers represent scores outside the middle 50% and extend to the minimum and maximum 

scores, and the box shows the interquartile range (IQR). 

3.2.4 Exploratory analysis: The influence of uncertainty, IU, and curiosity on type of button 

pressed  

The descriptive statistics suggest that children may have had asymmetrical patterns of 

pressing the certain and uncertain types of buttons across the high and low uncertainty trials. To 

investigate this, while accounting for the different numbers of each type of button across trial 

uncertainties, we calculated the proportion of the minority button pressed and used this as the 

dependent variable. On high uncertainty trials, the minority buttons are certain (labelled with an 
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“ok” or a “thumbs down” hand gesture) and on low uncertainty trials, the minority buttons are 

uncertain (labelled with a “?”). There was a main effect of trial uncertainty (b = 0.04, 95% CI [0.03, 

0.06], p < .001), suggesting that children are more likely to press the minority button on high 

uncertainty trials than on low uncertainty trials. Importantly, this suggests that children press 

more certain buttons on high uncertainty trials than they press uncertain buttons on low 

uncertainty trials. This main effect was qualified by an interaction with IU (b = 0.02, 95% CI [0.00, 

0.03], p = .032). Inspection of the marginal effects suggests that asymmetry in button presses is 

stronger for those who are high in IU (see Figure 4). No other main effects or interactions were 

significant. The full model table is available in Supplementary Table S11.  

 

Figure 4. Marginal estimated effects of trial uncertainty and IU on the proportion of minority 

buttons pressed (certain buttons on high uncertainty trials [blue]/uncertain buttons on low 

uncertainty trials[red]). Ribbons represent 95% confidence intervals around the estimated effects. 
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3.2.5 The influence of uncertainty, IU and curiosity on facial affect 

We hypothesised that higher curiosity would be associated with positive facial expressions 

and that higher IU would be associated with negative facial expressions in response to uncertain 

situations, reflected in interactions between trial uncertainty and each individual differences 

measure. There was a trend towards an effect of trial uncertainty on facial affect score (b = -0.06, 

95% CI [-0.13, 0.00], p = .066). Participants appeared marginally less happy in high uncertainty 

trials than in low uncertainty trials. IU did not predict facial affect (b = -0.05, 95% CI [-0.18, 0.07], p 

= .404). Curiosity also did not predict facial affect (b = 0.06, 95% CI [-0.07, 0.19], p = .385). Crucially 

for our hypotheses, neither IU (b = -0.02, 95% CI [-0.09, 0.04], p = .501) nor curiosity (b = 0.05, 95% 

CI [-0.02, 0.12], p = .169) significantly interacted with trial uncertainty to predict facial affect. See 

Table 4 for LMM results. An exploratory analysis including age did not change the pattern or 

significance of these effects and no two- or three-way interactions with age were significant, see 

Supplementary Table S10 for the LMM results. 

3.2.6 The influence of uncertainty, IU and curiosity on self-reported emotional valence 

We hypothesised that higher curiosity would be associated with positive self-reported 

emotional responses and that higher IU would be associated with negative self-reported 

emotional responses to uncertain situations, reflected in interactions between trial uncertainty 

and each individual differences measure. There was a trend towards an effect of trial uncertainty 

on self-reported emotional valence (b = -0.06, 95% CI [-0.13, 0.00], p = .055), although this was not 

robust after the rating score was binarised (see Supplementary Table S5). Participants felt 

marginally less happy on high uncertainty trials than low uncertainty trials. IU did not predict self-

reported emotional valence (b = -.07, 95% CI [-0.19, 0.05], p = .266). There was a significant effect 

of curiosity on self-reported emotional valence score (b = 0.20, 95% CI [0.07, 0.32], p = .002). More 
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curious children reporting feeling happier than less curious children. Crucially for our hypotheses, 

neither IU (b = 0.00, 95% CI [-0.06, 0.07], p = .895) nor curiosity (b = -0.03, 95% CI [-0.09, 0.04], p = 

.385) significantly interacted with trial uncertainty to predict self-reported emotional valance. See 

Table 4 for LMM results.  

An exploratory analysis including age did not change the pattern or significance of these 

effects. One significant three-way interaction with age was identified between age, trial 

uncertainty, and IU (b = -0.05, 95% CI [-0.10, -0.01], p = .030). Visual inspection of the estimated 

marginal effects suggests that for younger children, higher IU was related to lower happiness on 

low uncertainty trials, and for older children, higher IU was related to lower happiness on high 

uncertainty trials (see Figure 5). However, overlapping confidence intervals suggest caution should 

be taken interpreting this three-way interaction. See Supplementary Table S10 for the LMM 

results. 
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Figure 5. Marginal estimated effects of age, trial uncertainty, and IU on self-reported emotion 

valence. Ribbons represent 95% confidence intervals around the estimated effects. 

 

3.2.7 The influence of uncertainty, IU and curiosity on self-reported worry  

We hypothesised that higher IU would be associated with negative self-reported 

emotional responses to uncertain situations, reflected in an interaction between trial uncertainty 

and IU. There was no effect of trial uncertainty on self-reported worry (b = 0.04, 95% CI [-0.01, 

0.05], p = .145).  IU did not predict self-reported worry score (b = 0.06, 95% CI [-0.03, 0.15], p = 

.176). Curiosity did not predict self-reported worry score (b = -0.05 , 95% CI [-0.14, 0.04], p = .269). 

Crucially for our hypothesis, IU (b = -0.00, 95% CI [-0.05, 0.05], p = .953) did not interact with trial 

uncertainty. Curiosity (b = -0.03, 95% CI [-0.08, 0.02], p = .262) also did not interact with trial 

uncertainty. See Table 4 for LMM results.  

An exploratory analysis including age did not change the pattern or significance of these 

effects. There was a main effect of age such that children became less worried with age (b = -0.08, 

95% CI [-0.15, -0.01], p = .020). A significant three-way interaction with age was identified 

between age, trial uncertainty, and IU (b = 0.04, 95% CI [0.01, 0.08], p = .021). Visual inspection of 

the estimated marginal effects suggests that for younger children, higher IU was related to more 

worry on low uncertainty trials, and for older children, higher IU was related to more worry on 

high uncertainty trials (see Figure 6). However, overlapping confidence intervals suggest caution 

should be taken interpreting this three-way interaction. See Supplementary Table S10 for the 

LMM results. 
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Figure 6. Marginal estimated effects of age, trial uncertainty, and IU on self-reported worry. 

Ribbons represent 95% confidence intervals around the estimated effects.
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Table 4. LMM results across dependent variables 

Fixed effects     

 Button presses Facial affect Self-report emotion valance Self-report worry 

Predictors b CI p b CI p b CI p b CI p 

(Intercept) 18.53 18.01 – 19.05 <.001 0.01 -0.12 – 0.14 .872 4.21 4.09 – 4.33 <.001 1.41 1.32 – 1.50 <0.001 

Trial uncertainty 0.25 0.01 – 0.49 .039 -0.06 -0.13 – 0.00 .066 -0.06 -0.13 – 0.00 .055 0.04 -0.01 – 0.08 0.145 

IU (RULES total) -0.30 -0.82 – 0.23 .268 -0.05 -0.18 – 0.07 .404 -0.07 -0.19 – 0.05 .266 0.06 -0.03 – 0.15 0.176 

Curiosity (I/D-YC 
total) 

0.10 -0.43 – 0.62 .716 0.06 -0.07 – 0.19 .385 0.20 0.07 – 0.32 .002 -0.05 -0.14 – 0.04 0.269 

Trial uncertainty *  
IU 

0.08 -0.16 – 0.32 .509 -0.02 -0.09 – 0.04 .501 0.00 -0.06 – 0.07 .895 0.00 -0.05 – 0.05 0.953 

Trial uncertainty * 
Curiosity 

-0.07 -0.31 – 0.17 .554 0.05 -0.02 – 0.12 .169 -0.03 -0.09 – 0.04 .385 -0.03 -0.08 – 0.02 0.262 

Random Effects            

σ2 0.02 0.62 0.55 0.32 

τ00 0.02 id 0.39 id 0.37 id 0.19 id 

ICC 0.48 0.39 0.4 0.38 

N 133 id 127 id 133 id 133 id 

Observations 532 503 532 532 

Marginal R2 / 
Conditional R2 

0.012 / 0.487 0.014 / 0.394 0.053 / 0.432 0.017 / 0.387 

 

Note. Trial uncertainty is effect coded, RULES total and I/D-YC total are z-scored, Button presses and RULES total are Winsorised. Effects significant at the p 

<  .05 level are displayed in bold text, trends at p < .10 are displayed in italics.
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3.2.8 Exploratory analyses: Differential effects of Interest-type and Deprivation-type curiosity 

All of the pre-registered analyses were replicated, replacing the full I/D-YC scale score 

with subscale scores for Interest-type and Deprivation-type curiosity respectively. These were 

modelled separately to avoid issues of multicollinearity. The pattern and significance of the 

reported effects did not change as a result of including each subscale. Notably, the main effect of 

curiosity on self-reported emotion valance was seen for both Interest- (b = 0.18, 95% CI [0.05, 

0.30], p = .006) and Deprivation-type (b = 0.17, 95% CI [0.04, 0.29], p = .009) curiosity. More 

curious children on both subscales reported feeling happier than less curious children. See 

Supplementary Tables S8 and S9 for LMM results. 

3.3 Discussion 

This is the first study to examine IU and curiosity together in a child sample. Furthermore, 

it is one of the first studies to examine how either IU or curiosity, as separate constructs relate to 

behaviour and affective responses to uncertainty in children. We hypothesised that children 

higher in IU and higher in curiosity would engage in more information seeking by pressing more 

buttons during the task. We also hypothesised that IU would be associated with more negative 

affect in relation to higher uncertainty and that curiosity would be associated with more positive 

affect in relation to higher uncertainty. Overall, these hypotheses were not supported; children’s 

general behaviour under uncertainty in this task was not clearly associated with trait differences in 

IU or curiosity. However, further exploratory analyses point towards some nuanced effects, 

especially with respect to IU. The findings are now discussed in relation to each aim.  

Our first aim was to evaluate whether children’s information seeking is related to curiosity 

and IU by examining associations between the number of buttons pressed in the game and 
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parent-reported IU and curiosity. Contrary to our expectations, the number of buttons pressed 

was not related to IU nor curiosity, however participants overall pressed more buttons in high 

uncertainty trials than low. Similar to our findings for IU, Osmanağaoğlu et al. (2021) found that 

pre-adolescent children’s information seeking behaviour increased as uncertainty increased, but 

this was not related to IU. We also expected curious children to seek more information to plug the 

information gap but no effect of curiosity was found. Children tended to press more buttons in 

higher uncertainty trials irrespective of parent-reported trait curiosity, which suggests that 

children are generally driven to resolve uncertainty, with little influence of these individual 

difference variables. 

Exploratory investigation of the types of buttons pressed within each trial suggests slightly 

more nuanced findings. Although children pressed more buttons in the high uncertainty trials than 

low uncertainty trials, there was asymmetry in the types of buttons children pressed across the 

uncertainty conditions. In the high uncertainty trials there were only four certain buttons and in 

low uncertainty trials there were only four uncertain buttons. Interestingly, children pressed the 

certain buttons on the high uncertainty trials more often than they pressed the uncertain buttons 

on low uncertainty trials. Furthermore, this effect was moderated by IU such that the asymmetry 

was greatest for children high in IU. This increased pressing of the certain buttons in high 

uncertainty trials could be a checking or safety-seeking behaviour – behaviours that are used to 

manage the stress of an uncertain or threatening situation (Rachman, 1976; Thwaites & Freeston, 

2005). Importantly, this interaction suggests that although IU was not related to quantitative 

differences in overall button pressing, it was related to qualitative differences in which buttons 

were pressed. In adults, IU is known to be related to checking and safety seeking behaviours 

(Fourtounas & Thomas, 2016; Freeston & Komes, 2023; Hebert & Dugas, 2019), but to our 
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knowledge, this is the first tentative evidence of such a behavioural manifestation of IU in 

children. 

Our second aim was to evaluate whether curiosity was related to positive emotional 

responses to uncertainty by examining associations between parent-reported curiosity and both 

the child’s facial affect and self-reported emotional valence during the game. We expected 

curiosity would be related to positive affect as per Jovanovic and Brdaric (2012) and Kashdan et al. 

(2004)’s findings in adolescents and adults respectively. We indeed found a small association 

between curiosity and self-reported positive emotional responses to uncertainty. This effect was 

robust across both Interest- and Deprivation-type curiosity, suggesting that these sub-types may 

not have differential associations with affect in childhood. The effect of curiosity on emotion 

valence was not moderated by level of uncertainty and was not observable in the facial expression 

data. Whilst this result may support a direct link between curiosity as a trait and positive affect, it 

is also possible that this link might be driven by the wording of items on the I/D-YC curiosity 

measure. For example, some questions such as “My child shows visible enjoyment when 

discovering something new” and “My child has fun learning about new topics or subjects” may 

capture expression of positive affect. This would explain why curiosity was related to overall 

happiness, rather than to more positive responses under higher uncertainty. An alternative 

explanation is that both the high and low uncertainty conditions led to uncertainty-related 

positive affect because both conditions involve some uncertainty. Having a condition with no 

uncertainty would have aided interpretation and allowed us to clarify whether the presence of 

some uncertainty is sufficient to make the more curious children happier or whether they are 

happier than those low in curiosity even when there is no uncertainty present. 
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Our final aim was to evaluate whether IU was associated with negative emotional 

responses to uncertainty. Contrary to our expectations, there were no significant associations or 

interactions between IU and negative facial affect, self-reported emotional valence or worry. 

Aligning with our findings about worry, Osmanağaoğlu et al. (2021) found the same lack of worry 

during a lab-based task in children who were high in parent-reported IU, although they did find 

associations between child-reported IU and worry. It seems possible given these findings that 

parent-report IU may not relate to internal states associated with uncertainty, perhaps because 

they are harder to observe. Thus, it will be important for future research to include child-report 

measures to further explore this question.  

Overall, our findings related to IU were unexpected; for those high in IU, uncertainty 

elicited neither a negative emotional response, nor increased information seeking. This could be 

because the parent-report IU questionnaire does not effectively capture associations between IU 

and affective and behavioural responses to uncertain situations. An alternative explanation is that 

behavioural and affective responses that are linked to IU are only elicited when sufficient threat is 

present. It has been theorised that IU is an aversion to uncertainty itself (Carleton, 2016b), 

however previous research has suggested that the presence of threat may be important 

(Osmanağaoğlu et al., 2018; Tanovic et al., 2018). Our task may not have included enough threat 

to stimulate these negative responses. Although participants found the aversive sounds to be 

relatively negative, they may not have been unpleasant enough to elicit threat-related responses. 

Future research could address this by introducing a condition with uncertainty but no threat 

whatsoever, and additional conditions with varying levels of threat (cf., Morriss et al. (2021)'s 

work with adults).  
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A further alternative explanation is that, given that children could choose whether or not 

to press buttons during each of the four trials, they may have felt control over their exposure to 

the sounds. Indeed, our exploratory analyses suggest that children with high IU operated this 

control by pressing proportionally more certain buttons on uncertain trials. Having this control 

may have influenced the children’s self-reported worry or affect and may not have induced IU. 

Future research could address this by manipulating level of control. Control could also be given by 

allowing children to decide when to end of the trial, rather than having a fixed time interval in 

which button presses are measured. This would ensure that the number of button presses truly 

reflects each individuals’ desire for information. 

Another possibility is that the relationship between IU and affective responses to 

uncertainty emerges during middle childhood and would be more prevalent in an older sample. In 

a series of exploratory analyses, we investigated interactions with age and found that for both 

self-reported emotion valence and worry, the interaction between trial uncertainty and IU varies 

by age, with the oldest children in the sample appearing to show the hypothesised pattern of 

results; IU was related to less happiness and more worry in high uncertainty trials but not in low 

uncertainty trials. We interpret these exploratory findings with extreme caution because of their 

exploratory nature and because of overlapping confidence intervals around the marginal 

estimated effects. We also note that a previous meta-analysis found that age did not moderate 

the relationship between IU and worry more generally (Osmanağaoğlu et al., 2018). Future 

research should investigate whether the specific relationship between uncertainty and worry in 

children with high IU emerges developmentally between the ages of 8 and 12 years, as this may 

have clinical relevance.  
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As the first study to examine relationships between curiosity, IU, and behavioural and 

affective responses to uncertainty in children, this study has several strengths. An important 

strength is that our manipulation check showed that the task design was successful at 

manipulating children’s feelings of uncertainty; children reported feeling less sure in high 

uncertainty trials than low uncertainty trials. This is in line with recent findings suggesting that 

children’s understanding of terms relating to uncertainty reaches adult levels at around 9 years of 

age (Meder et al., 2022). Children also sought more information in the uncertain trials, as 

expected, and their facial affect and self-reported emotion trended towards children feeling less 

happy in uncertain trials. Furthermore, the aversive sounds were rated more negatively than the 

neutral sounds. There was also a significant correlation between our measure of facial affect and 

children’s self-reported emotion valence. Thus, we can be confident that the lack of support for 

some of our hypotheses does not indicate a design issue with the task; but instead suggests that 

effects of individual differences in curiosity and IU may not universally affect children’s 

behavioural or affective responses to uncertainty. A further strength to this study is that it 

investigates the rarely examined behavioural and affective correlates of IU and curiosity in 

children. We took an approach that extended the current literature by examining information 

seeking alongside individual differences in children. 

There are however some limitations to the study. One limitation that the uncertainty 

manipulation check revealed is that while children reported feeling more unsure in the higher 

uncertainty trials than low, overall they reported feeling quite sure, and the difference between 

high and low uncertainty trials was small, and was reduced to a trend when the ratings were 

binarised. Children’s reported lack of uncertainty is particularly surprising since before each trial, 

children did not know what sounds they were going to hear in either condition. It is possible that 
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children’s interpretation of uncertainty is biased such that they are more confident in the face of 

uncertainty than adults. Previous research has found that young children tend to be overconfident 

in relation to their performance in a task (Newman & Wick, 1987; Roebers, 2002) and in the face 

of uncertainty (Beck et al., 2011; Lapidow et al., 2022). As children have so much uncertainty in 

their lives as they learn and develop, overconfidence in the face of uncertainty may be an adaptive 

strategy for coping. The limited number of sounds used in each trial may also have led to a limited 

sense of uncertainty. Increasing the number of sounds so that each button produces a different 

sound could increase children’s perceived uncertainty in the task. 

A further limitation is that due to the Covid-19 pandemic, the task was run from 

participants own homes, therefore we could not control the environment in which the child 

participated, and we could not control the volume of the sounds the buttons made when clicked. 

Video coding facial affect was particularly challenging, possibly because the design may not be 

leading to a strong enough emotional response in children. Additionally, the inter-rater reliability 

for the facial affect coding was only modest and facial affect scores were only weakly correlated 

with children’s self-reported affect and not correlated with self-reported worry, therefore these 

results need to be interpreted with caution. The children had a relatively flat affect during the 

anticipation phase, however recent work argues that facial expressions do not correspond well to 

emotional states (Barrett et al., 2019) so it may not be a reliable or appropriate method for 

evaluating affect. Using and refining creative measures to examine affect however should be 

continued to be explored. For example, Outters et al. (2023) have used body posture change as an 

indicator of positive affect and task engagement.     

Although there are adult behavioural measures to examine reactions to uncertainty (e.g., 

(Jacoby et al., 2016)), there is little convincing evidence yet that IU, as measured by 
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questionnaires, predicts behaviour in children. More generally, a limiting factor in research of this 

kind is the lack of validated questionnaires that can reliably capture individual differences in 

children’s responses to uncertainty, making it difficult to tease apart the contributions of different 

constructs such as IU, curiosity, and other related constructs such as tolerance of ambiguity. Since 

this study was conducted, a new measure of IU, the Youth Intolerance of Uncertainty – Parent-

Report (YIU-PR) (Wong & Caporino, 2023) has been developed which is intended as a 

developmentally sensitive measure of IU in children and adolescents and may be a more suitable 

measure of IU in young people going forward. It showed excellent internal consistency and 

evidenced convergent and discriminant validity. It would be informative to determine whether 

this new measure is related to Deprivation-type curiosity in children as has been found in adults 

(Jach et al., 2022; Jach & Smillie, 2021), since we did not replicate this relationship with the RULES 

as a measure of IU. 

Additionally, future research would benefit from focusing on children’s thoughts and 

behaviour in relation to uncertainty and uncertain situations in real life, perhaps using qualitative 

methods, observational or diary measures. This could inform further experimental work with 

children.  As there is an increasing interest in developing treatments for child anxiety that target 

reactions to uncertainty specifically, we need a much clearer idea about how responses to 

uncertainty in children high in IU are distinct to ensure these interventions target the right 

mechanisms. Understanding curiosity and responses to uncertainty further would also inform 

educational policies, approaches and interventions, especially that focus on building motivation 

for learning. 
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3.3.1 Conclusion 

IU did not predict children’s emotional responses or the quantity of information seeking 

during an uncertain task. Exploratory analyses suggest that IU may be associated with the nature 

of children’s information seeking, with children who are high in IU engaging in more information 

seeking that reflects checking or safety-seeking than those who are low in IU. Additionally, our 

findings suggest that there may be age-related change in the effects of IU on worry, with IU more 

strongly related to worry in uncertain situations for older children than younger children. Children 

higher in curiosity reported feeling happier whilst completing the task but more uncertainty did 

not increase happiness in these children. In general children sought more information under 

higher uncertainty, but this was not related to curiosity or IU. Future research should focus on 

establishing how IU manifests in children, monitoring for qualitative as well as quantitative 

differences in behaviour, and how curiosity can be harnessed to support motivation and learning. 
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Joining Statement for Chapters 3 and 4 

 
The surprising and unexpected results in the Uncertain World child study where children’s 

individual differences in IU and curiosity did not influence their behaviour and affect under 

uncertainty provided motivation to conduct the same task with adults. There is limited research 

examining curiosity and IU together, and also limited research exploring how IU is related to 

behaviour and affect in adults. We therefore felt that a paper using the Uncertain World task with 

adult participants would make a standalone contribution to the adult literature on IU. We kept the 

task the same to facilitate comparison with the child study. The third aim of the adult study 

therefore is to consider how findings relate to those found for children in Study 2.  
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Abstract 

Those who experience uncertainty may respond to it positively or negatively, and may be 

motivated to seek information to deal with the associated information gap. Those who are curious 

may find uncertainty rewarding and may enjoy filling that information gap, however those who 

experience intolerance of uncertainty (IU) may find the uncertainty unpleasant and may fill the 

information gap to reduce their discomfort. There is limited research examining IU and curiosity 

together in conjunction with emotional and behavioural responses to uncertainty. We have taken 

an existing task designed for children and have used it with adults, aiming to examine how 

individual differences in IU and curiosity relate to behavioural and emotional responses to 

uncertainty, and how these responses differ in children and adults. 133 university students self-

reported IU and curiosity measures, and completed the game where participants were presented 

with an array of buttons which played sounds when pressed. Each button played an aversive or 

neutral sound, and was labelled as either certain neutral, certain aversive, or uncertain. The game 

consisted of four trials which together gave an index of information seeking. Participants self-

reported affect and worry during an anticipation period. Analyses revealed that more curious 

adults sought more information than the less curious, and those with higher interest-type 

curiosity were marginally happier than those with lower interest-type curiosity.  Those with higher 

IU were less happy and more worried during the game, particularly in high uncertainty trials but 

did not seek more information. In general, participants were less happy but did not seek more 

information under higher uncertainty. Adult results mostly differed from child results, however 

both children and adults were happier in low uncertainty trials than in high and the more curious 

children and the higher the interest-type curiosity in adults were, the happier they were. Findings 

suggest that individual differences are more closely related to greater emotional responses to 
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uncertainty than behavioural reactions in adults, and that the impact of IU and curiosity on 

responses to uncertainty may change with age. 
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4 Introduction 

Everyday life is filled with uncertainty. We all respond to this uncertainty differently and 

responses can be positive or negative (Hillen et al., 2017). Some individuals respond to uncertainty 

with curiosity, wishing to learn and increase their knowledge (Gruber et al., 2014; von Stumm et 

al., 2011). Others feel anxious and worried in response to uncertainty (Buhr & Dugas, 2002; 

Counsell et al., 2017; Holaway et al., 2006; Sexton & Dugas, 2009). These individuals can be 

described as having high intolerance of uncertainty (IU). Both IU and curiosity are individual 

difference factors that are associated with responses to uncertainty but there is little research 

examining the two constructs together in relation to behavioural or emotional responses to 

uncertainty.  

Curiosity has been defined as ‘the threshold of desired uncertainty in the environment 

which leads to exploratory behavior’ (Jirout & Klahr, 2012, p. 150), placing uncertainty as a 

precursor to curiosity (Loewenstein, 1994). Following this definition, curious people tend to seek 

information in order to plug an information gap and the resulting knowledge acquisition is 

rewarding (Kang et al., 2009; Murayama et al., 2019). This reward is salient enough that curious 

individuals will seek information even if the outcome is negative (Hsee & Ruan, 2016). 

Associations between information seeking behaviour and curiosity have been examined 

experimentally by van Lieshout, Traast, et al. (2021) using a lottery task. They found that curiosity 

increased as uncertainty increased, that curiosity was higher for gains than for losses and that 

individuals in general were willing to seek information even if it was costly in order to satisfy their 

curiosity. They concluded that there are two motives behind curiosity; one being to reduce 

uncertainty (regardless of whether the expected outcome is negative or positive), and one being 

to maximise positive information (for gains moreso than losses in the lottery task). Hsee and Ruan 
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(2016) also explored curiosity by examining information seeking in the face of uncertainty through 

a series of tasks. For example, in one of their tasks participants were presented with an array 

comprising buttons labelled as “certain” or “uncertain”. “Certain” labelled buttons were labelled 

as positive or negative and, when pressed, they played aversive or neutral sounds predictably. In 

contrast “uncertain” buttons played either a neutral sound or an aversive sound, when pressed, 

with the sound unpredictable. There were two conditions. In the certain condition the array 

comprised 44 certain and 4 uncertain buttons, and vice versa for the uncertain condition. Hsee 

and Ruan (2016) found that participants pressed more buttons in the uncertain condition than the 

certain condition. Furthermore, the more buttons the participants pressed, the less happy they 

reported feeling, and participants in the uncertain condition were significantly less happy than 

those in the certain condition. Thus, it appears that uncertainty may lead individuals to seek 

information to reduce the uncertainty, even when there is a possibility of a negative outcome and 

when it comes at a cost emotionally. It is unclear whether and how individual differences such as 

curiosity and IU influence information seeking behaviours and affect under uncertainty.  

Litman (2008) suggested that information seeking acts as a reward in two different 

dimensions of curiosity, interest and deprivation types. In interest-type curiosity, individuals find 

discovering something new enjoyable, and in deprivation-type curiosity, gaining information 

where they feel it is lacking brings reward. These dimensions suggest some nuance with regards to 

affect accompanying curiosity, as interest-type has been related to happiness (Whitecross & 

Smithson, 2023) and is likely to be associated with positive feelings about information. In contrast, 

deprivation type is associated with unpleasant feelings until information is gained. In addition to 

this, Bar-Anan et al. (2009) theorised that uncertainty makes positive affect stronger. In fact, 

Kashdan et al. (2004) posit that curious adults have more positive affect and better life 
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satisfaction. In contrast, van Lieshout, de Lange, et al. (2021) have argued, based on their 

research, that state curiosity increases with uncertainty but happiness decreases. This discrepancy 

regarding the affective response to uncertainty in people high in curiosity requires further 

exploration. 

Although some find uncertainty positive, others may find uncertainty aversive, even if the 

outcome is not likely to be negative (Carleton, 2016a). IU is defined as a “dispositional incapacity 

to endure the aversive response triggered by the perceived absence of salient, key, or sufficient 

information, and sustained by the associated perception of uncertainty” (Carleton, 2016b, p. 32). 

In those high in IU the aversive response triggered by uncertainty is often anxiety and worry, with 

high IU robustly associated with worry across adults and children (Buhr & Dugas, 2002; Koerner & 

Dugas, 2008; Osmanağaoğlu et al., 2018; Sexton & Dugas, 2009). This aversive response likely 

occurs because of dysfunctional processing of uncertainty (Grupe & Nitschke, 2011). The 

behaviour of those high in IU in response to uncertainty may appear to be like that of those who 

are curious, however the motivations may well be different; in curiosity information seeking could 

be driven by a motivation to increase knowledge and in IU, it may be driven by a desire to 

decrease discomfort. Indeed, the desire for information is so strong in those who find uncertainty 

aversive that they seek it even at a cost (Bennett et al., 2020). Those who find uncertainty aversive 

or are high in IU may be hypervigilant to threat under uncertainty, and may practice safety 

behaviours (Hebert & Dugas, 2019; Mathews & MacLeod, 2002) such as information seeking to 

reduce the discomfort associated with uncertainty (Krohne, 1993), however these certainty-

seeking behaviours only provide relief on a temporary basis (Jacoby, 2020). As previously 

discussed, Bar-Anan et al. (2009) theorised that uncertainty makes positive affect stronger, 

however they also theorized that it makes negative affect stronger, so within a negative context 
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uncertainty may be aversive and lead to increased negative affect. In further support of this, 

Einstein (2014) has also suggested that people high in IU can have increased negative affect under 

uncertainty.  

There has been limited research examining behaviour and emotion together in relation to 

IU. In one such study, Jacoby et al. (2014) examined IU and its associations with anxiety and 

information seeking through a probabilistic inference task (The Beads Task) where participants 

selected beads one by one from an unseen jar and had to guess which of a variety of jars they 

came from. Each jar had coloured beads with differing ratios, providing different levels of 

uncertainty. They found that self-reported IU was related to increased levels of distress in the 

game, however there were no significant associations between information seeking and IU. This 

suggests that it may be a person’s emotions rather than behavior that can differentiate between 

high and low IU. In another study examining IU and behavioural responses to uncertainty, but not 

affect, uncertainty was manipulated experimentally via an aptitude test, which was claimed to be 

either excellent or poor at predicting outcomes (high and low relevance conditions respectively). 

Bartoszek et al. (2022) gave participants the opportunity to ask questions and request feedback. 

They found that in a high relevance condition (with the test being an excellent predictor of 

outcomes), both those high and low in IU sought information, however in the low relevance 

condition (where the test is a poor predictor of outcomes), those low in IU sought less information 

than those high in IU. This suggests that despite the fact that the test was not likely to have an 

impact or importance to those high in IU, they still wished to seek information to fill the 

information gap, potentially to soothe their discomfort with the uncertainty. One of these studies 

showed no indication that IU is related to behaviour under uncertainty, but shows IU being related 

to emotion, whereas the other study shows IU being related to information seeking behaviour.  
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The relationship between IU, behaviour and affect is therefore unclear and further research is 

required.  

Although curiosity and IU are both linked to responses to uncertainty, to our knowledge 

there are currently only two papers examining the relationship between them in relation to 

responses to uncertainty (Jach & Smillie, 2021; Ryan et al., 2023). Jach and Smillie (2021) 

conducted two studies examining the relationship between information seeking, IU and curiosity 

in adults. In the first study, there were five guessing games where, for example, participants were 

shown pictures of fruit and were asked to choose which piece of fruit was secretly rotten. 

Participants were then asked if they would like to see which piece of fruit was indeed rotten. Once 

they had completed all of the games, they were informed that they had won a bonus, and were 

asked if they would like to see which game led them to winning this bonus. Participants’ responses 

across tasks were combined to create an information seeking variable. A relationship was found 

between information seeking and curiosity, although it was relatively weak, and no significant 

relationship was found between information seeking and IU. Jach’s second study had a similar 

design but at the end of each of the five games, participants could choose to know straight away if 

they had won the bonus, providing an immediate reduction in uncertainty, and giving a further 

information seeking measure. Clear associations between curiosity and information seeking were 

not apparent in the second study, whereas IU was related to both measures of information 

seeking. The study authors indicated that curiosity was more likely to be related to arbitrary 

information seeking and IU to seeking information regarding reward outcomes.  

In the second paper to have examined curiosity and IU together in relation to uncertainty, 

Ryan et al. (2023) conducted a task with children, based on Hsee and Ruan (2016)’s array task 

described earlier, where participants were presented with an array of buttons that played neutral 
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or aversive sounds when pressed. In Ryan and colleagues’ study, buttons were labelled to indicate 

the type of sound they would play (neutral or aversive), or they were labelled to indicate 

uncertainty (with a “?”).  Button pressing was recorded to index information seeking behaviour, 

and affective responses were recorded via emotional valence and worry self-report. Ryan et al. 

(2023) found that children sought more information in high uncertainty trials than low. They also 

found that curious children reported feeling happier during the task. In contrast to expectations, 

neither curiosity nor IU were associated with information seeking and no associations were found 

between worry and uncertainty, curiosity or IU. Further nuance to the findings was discovered 

through exploratory analysis suggesting that children high in IU may display subtly different 

patterns of button pressing relative to those high in IU.  

Due to the limited research examining IU and curiosity together in relation to behaviour 

and emotion under uncertainty, we used an existing task to examine how individual differences in 

IU and curiosity related to information seeking behaviour, affect and worry under high and low 

uncertainty. There were three aims to this study. The first was to examine whether information 

seeking behavior (characterized by button pressing) was related to self-reported IU and curiosity. 

Our hypothesis was that those who were more curious and higher in IU would press more 

buttons, indicating greater information seeking. The second aim was to examine whether self-

reported IU and curiosity were associated with emotional responses to uncertainty (by way of 

self-reported emotional valence and worry). Our hypothesis was that those who were more 

curious would report more positive affect in high uncertainty trials than those who were less 

curious. In relation to IU our hypothesis was that those with higher IU would report more negative 

emotional responses on high uncertainty trials than those lower in IU. The third aim was to 

explore the consistency of findings across adult and child samples; by using an identical task to 
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that used in our previous research with children (Ryan et al., 2023) we were able to further 

contribute to the literature by comparing findings across these different age groups.  

4.1 Method 

4.1.1 Pre-registration 

For this paper we followed the pre-registration for the child version of the study, which 

can be found here. This study follows the same design, sample size, hypotheses and analysis plan 

but with some minor variations to account for this sample being adults. Details of these variations 

were pre-registered here. See this link for task code, analysis code and analysis output for the 

Uncertain World project. 

4.1.2 Participants 

There were 133 participants who were recruited from the University of Reading’s School 

of Psychology and Clinical Language Sciences student participation panel, where students receive 

course credit for participating, who completed the questionnaires and game. We followed the a 

priori power calculation which determined that a sample size of 132 participants would be 

sufficient to reach 80% power for a small interaction effect (standardised beta = 0.02 - 0.05) based 

on the variance in pilot data. Of the participants, 113 identified as female, 16 male, 3 classified 

their gender as “other” and one opted not to provide their gender. The age range was from 18 to 

48 years (M = 21.00, SD = 4.35). The majority of participants identified as White (90) and the 

remaining as Asian (n=24), Black (n=3), Mixed Race (n=11), or “Other” (n=4); one person opted not 

to provide this information. All participants met the inclusion criteria of living in the UK. Further 

information regarding demographics of the sample can be found in the Supplementary Materials 

(Table S1). Participants were provided with 0.5 credits for completing the 30 minute study. The 

https://osf.io/3xyub
https://osf.io/tqdpy
https://osf.io/z8nps/?view_only=96f2b482358c48e697d6b46f738722d7
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study was approved by the University of Reading School of Psychology and Clinical Language 

Sciences Research Ethics Committee (2021-194-JM).  

4.1.3 Self-report Measures 

4.2.3.1 Curiosity. Participants self-reported curiosity through the 10-item Interest and 

Deprivation-Type Epistemic Curiosity (ID-EC) Scale (Litman, 2008; Litman et al., 2010; Litman & 

Mussel, 2013). This scale uses a four point Likert scale where 1 indicates “almost never”, 2 

”sometimes”, 3 “often” and 4 “almost always”, and the questionnaire captures interest-type and 

deprivation-type subscales of curiosity (Litman, 2008). The interest scale measures interest in 

acquiring knowledge and includes questions such as “I find it fascinating to learn new information” 

and the deprivation scale measures interest in acquiring knowledge to reduce information 

deprivation through questions such as “I brood for a long time in an attempt to solve some 

fundamental problem”. Litman (2008) found that alphas were acceptable for all scales (α >0.70). 

Internal consistency for the full scale for our sample was good (α = 0.81). Internal consistency for 

the interest scale was adequate (α = 0.78) and for the Deprivation scale was good (α =0.87).  

Litman and Mussel (2013) reported that the subscales were highly correlated (Study 1, r = .70; 

Study 2, r = .60), and we have primarily treated the ID-EC as a single scale for our analysis. We did 

however choose to explore each subscale as well, because they may differ in predicting responses 

to uncertainty.  We found the subscales are correlated, although not strongly r(131) = 0.28, p = 

0.001 (see Table 1).  

4.2.3.2 Intolerance of Uncertainty. IU was measured using the 27-item self-report 

Intolerance of Uncertainty Scale (IUS) (Buhr & Dugas, 2002). This scale uses a five-point Likert 

scale where 1 is “not at all characteristic of me”, 3 is “somewhat characteristic of me” and 5 is 

“entirely characteristic of me”, including questions such as “Unforeseen events upset me greatly” 
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and “When I am uncertain, I can’t go forward”. Buhr and Dugas (2002) report excellent internal 

consistency for the scale (α = 0.94) and Khawaja and Yu (2010) confirmed that the 27-item scale 

had higher test-retest reliability (r = .83) than the 12-item scale (r = .77) , that there was moderate 

concurrent validity with other anxiety and worry scales (all p < .05) and there was discriminant 

validity between clinical and non-clinical samples. Internal consistency for the scale in our sample 

was excellent (α = 0.95). 

4.1.4 Task Procedure 

The Uncertain World task was adapted from Hsee and Ruan (2016)’s button pressing task. 

We originally developed the task for children, with a space theme to make it appealing. To 

support comparison across studies, we chose to keep the task the same in this study. The game 

was built in html using javascript in jsPsych (de Leeuw, 2014) and run from a University of Reading 

hosted web server. The programme and materials for the game can be found in the child game 

pre-registration GitHub directory (here) with materials for the adult game being suffixed by “_a”.  

Participants were required to allow the browser to access the computer’s webcam and 

microphone for the game. In order to check computer audio, participants were asked to input a 

word that was played through the speakers. Sounds were chosen from the International Affective 

Digitized Sounds-2 (IADS-2) database (Bradley & Lang, 2007) (see Supplementary Materials for 

further information). 

Participants were informed by a computerized voice that they would go through a practice 

phase. They were taught how a symbol of an “ok” hand gesture represented a neutral sound and a 

“thumbs down” represented an aversive sound, and a question mark represented a neutral sound 

or an aversive sound. Participants were required to press these buttons in the practice phase and 

to confirm that they had indeed heard the sounds. They were also asked to confirm that they 

https://osf.io/z8nps/?view_only=96f2b482358c48e697d6b46f738722d7
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wished to proceed with the game. If these checks were completed successfully, they then 

proceeded on to the test trials. 

There were four test trials, counterbalanced with two being high uncertainty and two 

being low uncertainty. Further information can be found in Trial Design below. Each trial consisted 

of a camera check, an anticipatory phase, self-report questions and a button pressing phase (see 

Figure 1). Participants were shown the feed from their webcam in a spaceship window on the 

screen; they were asked if they could see their face in the spaceship window, and if so, to click 

“next” (or to move their camera until they could see their face). This moved them to the 

anticipation phase of the game. During this phase, an array of 48 buttons for the trial ahead was 

shown on screen for 10 seconds. Whilst this screen was displayed, participants were instructed to 

look at the buttons but not press them, while the webcam recorded their face (note that facial 

affect was not coded or analysed for this study due to problems achieving reliability and practical 

considerations). Participants were then asked to complete a self-report measure of emotional 

valence, worry and uncertainty (see Self-reported emotion valence, worry and uncertainty 

section) before moving on to the button pressing phase. During the button pressing phase, the 48 

buttons were activated for one minute and participants could press as many or as few buttons as 

they liked. When buttons were pressed, relevant sounds were played. Each of the four trials had 

one neutral and one aversive sound allocated to the respective buttons (see Trial Design section).  

Once the four trials were complete, participants were asked to rate how each sound made 

them feel as a manipulation check. Participants were asked to confirm consent for the webcam 

video to be uploaded, and were then provided with a project debrief on screen, with the option to 

download it. 
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Figure 1. This trial procedure shows a high uncertainty trial. Self-report measures remained on 

screen until a response was made. Buttons only responded to presses in the Button pressing 

phase. Trial measures are shown in italics. Note: Please refer to the online version of the article 

for the colour version of this figure. 

4.2.4.1 Trial Design. Each of the four trials consisted of 48 buttons on the screen. In the 

two low uncertainty trials, 44 buttons were certain and four were uncertain. A total of 22 buttons 

were labelled to show they would play neutral sounds and 22 aversive sounds, with 4 buttons 

labelled as being uncertain with a question mark. In the two high uncertainty trials, 44 buttons 

were uncertain and labelled with question marks, two labelled to show they would play neutral 

sounds and two to play aversive sounds. (see Figure 2). There was an equal chance of hearing a 

neutral or aversive sound with uncertain buttons. Each of the four trials was allocated one neutral 
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and one aversive sound, and those sounds were repeated across relevant buttons for that trial, 

therefore there were a total of four neutral and four aversive sounds played throughout the 

game. Participants were not aware which of the neutral or aversive sounds they would hear the 

first time they pressed a button in a specific trial, however each button retained that sound for 

the full trial (i.e. the same sound played each time the button was pressed). Trials were one 

minute long and participants were invited to press as many or as few buttons as they liked. 

Sounds lasted 2 seconds and participants were unable to press a button until the previous sound 

had finished resulting in a maximum number of button presses being 30 during each trial.  

 

 

Figure 2. Example of high and low uncertainty trial button arrays. Note: please refer to online 

version of article for colour version of the figure. 
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4.1.5 Task Measures 

4.2.5.1 Button presses. Participants were invited to press as many or as few buttons as 

they liked during the button pressing phase. Numbers of button presses were recorded during 

each button pressing phase of a trial and the total number of buttons pressed per trial was used in 

the analyses (following Hsee & Ruan, 2016). We also conducted exploratory analysis through 

calculating the proportion of unique, certain, and uncertain buttons pressed on each trial.  

4.2.5.2 Self-reported emotion valence, worry and uncertainty. Participants self-reported 

their emotional valence (“very unhappy” to “very happy”) using a five-point Self Assessment 

Mannikin (SAM) (Bradley & Lang, 1994). They self-reported worry (from “Not worried at all” to 

“Very worried”) using a four-point scale.  

As a manipulation check, participants were asked to self-report “how sure or not sure do 

you feel about the sounds in this round?” for each trial on a four-point scale from “Not sure at all” 

to “Very sure”.  We reversed the responses to give a rating of uncertainty.  

4.2.5.3 Self-reported sound ratings. Once they had completed all four trials, as a 

manipulation check, participants were asked to report how each of the sounds played made them 

feel on a five-point SAM scale (from “very unhappy” to “very happy”).  

4.1.6 Data analysis 

4.2.6.1 Missing data and data cleaning. We collected data from 147 participants. We 

could not include data for 14 participants as there was no data, incomplete, or missing data. Of 

these, 10 had technical problems and four started the study but did not complete it. We contacted 

them but they did not reply and they did not cancel. A further 28 participants signed up but then 

cancelled their participation via the online student participant panel platform (see Exclusions in 
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Supplementary Material). The 133 participants described previous had complete data and the 

analyses are based on these data. 

Data for all variables was visualized, and the self-report measure for worry was skewed 

with the majority of responses at one end of the scale. This skew could not be corrected by 

transformation, and we had not preregistered a plan for dealing with skewed data. A binary 

variable was created taking the most frequent response which was “Not at all worried” as one 

value and any other response as the second value in order to assess the robustness of the results 

with this variable. The planned analysis was repeated using the binarised version of the variable. 

This did not affect the pattern or significance of the main findings, so the planned analysis is 

reported and analysis with the binary variable is reported in Supplementary Table S5. Where 

differences in findings were noted, these are reported alongside the reported results. 

4.2.6.2 Analysis Plan. The following analysis plan was pre-registered. We aimed to 

establish if curiosity (ID-EC) and intolerance of uncertainty (IUS) predicted adult’s behavioural and 

emotional responses to uncertainty, including number of buttons pressed and self-reported 

emotion and worry. The effects of IU and curiosity and their interactions with trial uncertainty 

were modelled for each dependent variable. Effects of IU and curiosity were modelled separately 

(see Supplementary Materials Tables 3- 5) and then together (see Table 3), with limited difference 

in the model estimates with the two approaches.  

Linear mixed effects models were run in R (R Core Team, 2022) using the package lme4 

(Bates et al., 2014).  Random effects for participants (intercepts and random slopes for 

uncertainty) were initially included in all models, but in the model examining the influence of trial 

uncertainty and IU on self-reported worry the random effects structure was simplified to deal with 
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convergence and singular fit errors (see preregistration for details).  The syntax for each of the 

models reported in this paper can be seen below:  

Number of buttons pressed on high and low uncertainty trials models:  

• buttons ~ (ID-EC + IUS) * uncertainty + ( uncertainty | participant) 

Self-reported valence models: 

• sr_valence ~ (ID-EC + IUS) * uncertainty + ( uncertainty | participant)  

Self-report worry models: 

• sr_worry ~ (ID-EC + IUS) * uncertainty + ( uncertainty | participant)  

We effect coded trial uncertainty, with low uncertainty coded as -1 and high uncertainty 

was coded as +1. Scores for ID-EC and IUS were converted to z-scores to make scores comparable. 

No outliers were detected in both either ID-EC and IUS data using boxplots. Data for all other 

variables were visualised and no outliers were found.  

4.2.6.3 Additional exploratory analysis. We ran an additional model to investigate 

asymmetry in selection of certain and uncertain buttons across high and low uncertainty trials and 

whether this could be explained by curiosity and IU. In high uncertainty trials, certain buttons 

were in the minority with 44 buttons being uncertain and 4 certain. In low uncertainty trials, 

uncertain buttons were in the minority with 44 buttons being certain and 4 uncertain. We 

calculated the proportion of minority buttons pressed and used this as the dependent variable in a 

new model, allowing us to establish if there is asymmetry in certain and uncertain button pressing 

that is not related to the different number of each type of button available within a trial. The 

syntax for this model is as follows: 

prop_minority_buttons_pressed ~ (ID-EC + IUS) * trial_uncertainty + ( 1 | participant )  

To investigate differential effects of Interest- and Deprivation-type curiosity, models were 

repeated with each curiosity type. Model syntax follows that of the main analysis but the total ID-
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EC score was replaced with the subscale scores. The results of these additional models are 

summarised below and reported in full in the Supplementary Table S6. 

4.2 Results 

4.2.1 Descriptive statistics  

Descriptive statistics for IU (IUS score) and curiosity (ID-EC total raw scores, Interest-type 

subscale scores and Deprivation type subscale scores) and their correlations are shown in Table 1. 

IU was only related to Deprivation-type curiosity, Both Interest-type and Deprivation-type scores 

were strongly related to the curiosity total score, as would be expected, and weakly related to 

each other.  

Table 1. Means, standard deviations, and correlations with 95% confidence intervals of IU (IUS 

score) and curiosity (ID-EC score;  interest-type subscale score; and deprivation-type subscale 

score ).  

  

Variable M SD 1 2 3 

      
1. IU (IUS Score) 72.65 19.19       
            
2. Curiosity (ID-EC 
Score) 

26.10 4.15 .11     

      [-.06, .27]     
            
3. Interest-type 
curiosity (I-type 
subscale score) 

14.55 2.21 -.16 .73**   

      [-.32, .01] [.64, .80]   
            
4. Deprivation-
type curiosity (D-
type subscale 
score) 

11.55 2.95 .27** .86** .28** 

      [.11, .42] [.81, .90] [.11, .43] 
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Note. ***p < .001.  

Descriptive statistics for button presses across high and low uncertainty trials are found in 

Table 2. This table shows the number of buttons pressed, and the proportion that were unique, 

certain and uncertain buttons. In our analyses, all button presses, including those that have been 

pressed previously by the participant, are included in the total.  

Table 2. Means, standard deviations, and correlations with confidence intervals of number of 

buttons pressed in trials, number of unique buttons pressed, number of certain buttons pressed, 

number of certain aversive and certain neutral buttons pressed, and number of uncertain buttons 

pressed, by high and low uncertainty trials. 

 

Trial Uncertainty Number of buttons Proportion unique Proportion certain Proportion uncertain 

High 16.53 (5.71) 0.87 (0.13) 0.29 (0.20) 0.71 (0.20) 

Low 16.10 (5.76) 0.90 (0.10) 0.73 (0.14) 0.27 (0.14) 

 

Note. Means and standard deviations are calculated by first summarising across trials within 

participants and then across participants to account for clustering. 

 

Descriptive statistics and correlations between affect and worry are shown in Table 3. Self-

reported emotion valence was strongly negatively related to self-reported worry ratings. 

Table 3. Means, standard deviations, and correlations with 95% confidence intervals of affective 

responses at the trial level. 

Variable M (SD) 1 
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1. Emotion-valence 

rating 

3.60 (0.82)   

2. Worry rating 1.49 (0.48) -.60*** 

[-.65, -.54] 

 

Note. Standard deviations are calculated at the participant level. Correlations are adjusted for 

participant-level clustering. 

 

4.2.2 Manipulation checks 

To check that participants recognized that some trials were more uncertain than others, a 

linear mixed effect model was used to examine high or low trial uncertainty effects on self-

reported uncertainty ratings. Trial uncertainty had a small but significant effect on trial 

uncertainty (b = 0.14, 95% CI [0.11-0.17], p<.001), with participants being less certain with high 

uncertainty trials. See Table S2 of Supplementary Materials for further information. 

To check that participants found that the aversive sounds were indeed unpleasant, a linear mixed 

effects model was used to examine effects of valence of sound ratings taken at the end of the 

trial. There was a significant effect of sound valence on emotional valence ratings (b=0.47, 95% CI 

[0.43, 0.51], p <0.001) with the aversive sounds rated more negatively than the neutral sounds. 

Rating score distributions can be found in Supplementary Materials Figure S1.  

4.2.3 The influence of uncertainty, IU and curiosity on the number of button presses.  

We hypothesised that there would be a positive relationship between both curiosity and 

IU and information seeking under uncertainty (total button presses). We also explored the extent 

to which any associations varied by trial uncertainty. There was not an effect of trial uncertainty 

on button presses (b = 0.01, 95% CI [-0.01, 0.03], p =.250); participants did not press significantly 

more buttons in high uncertainty trials than in low uncertainty trials. IU did not predict button 
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presses (b = -0.03, 95% CI [-0.08, 0.02], p = .229). In contrast, curiosity was a significant predictor 

of button presses (b = 0.07, 95% CI [0.02, 0.12], p = .011). Neither IU (b = -0.01, 95% CI [-0.03, 

0.01], p = .358) nor curiosity (b = 0.00, 95% CI [-0.02, 0.03], p = .667) significantly interacted with 

trial uncertainty to predict button presses. See Table 3 for full LMM results and see Table S3 in 

Supplementary Materials for models with button pressing including IU and Curiosity separately 

and combined. 

4.2.4 Exploratory analysis: The influence of uncertainty, IU, and curiosity on type of button 

pressed  

As outlined previously, each trial had a minority button (4 buttons versus 44). The button 

type that was the minority varied by trial uncertainty. To examine whether IU and curiosity were 

associated with different patterns of responding in relation to these minority buttons, an 

exploratory analysis was conducted. The proportion of the minority buttons pressed was 

calculated and used as the dependent variable while accounting for the different numbers of each 

type of button across trial uncertainties. There was no main effect of trial uncertainty (b = 0.00, 

95% CI [-0.01, 0.02], p = .626), but there was a marginal effect of IU (b = 0.02, 95% CI [-0.00, 0.03], 

p = .068). There was no interaction between trial uncertainty and IU (b = 0.01, 95% CI [-0.00, 0.03], 

p = .119), however there was an interaction with curiosity (b = -0.02, 95% CI [-0.03, 0.00], p = 

.046). Visual inspection of these effects (see Figure 3) suggests that those with higher curiosity are 

pressing a larger proportion of minority buttons in low uncertainty trials (uncertain buttons) than 

in high uncertainty trials (certain buttons) (see Figure 3). No other main effects or interactions 

were significant. The full model table is available in Supplementary Table S7.  
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Figure 3. Significant estimated effects of trial uncertainty and curiosity on the proportion of 

minority buttons pressed (certain buttons on high uncertainty trials [blue]/uncertain buttons on 

low uncertainty trials[red]). Ribbons represent 95% confidence intervals around the estimated 

effects. 

4.2.5 The influence of uncertainty, IU and curiosity on self-reported emotional valence. 

Our hypothesis was that those who were more curious would report more positive affect 

in high uncertainty trials than those who were less curious. In relation to IU our hypothesis was 

that those with higher IU would report more negative emotional responses, including emotional 

valence, on high uncertainty trials than those lower in IU. There was an effect of trial uncertainty 

on self-reported emotional valence (b =-0.34, 95% CI [-0.43, -0.24], p < .001); in high uncertainty 

trials participants were significantly less happy than in low uncertainty trials.  IU was significant in 
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predicting self-reported emotional valence (b =-0.17, 95% CI [-0.31, -0.03], p = .016); the higher 

the IU score, the less happy the participants were. In contrast, curiosity was not significant in 

predicting self-reported emotional valence score (b = 0.07, 95% CI [-0.07, 0.21], p =.336). Note 

that when models were run separately for interest and deprivation-type curiosity, the effect of 

interest-type curiosity on emotional valence score was marginally significant (b = 0.13, 95% CI 

[0.01, 0.27], p =.062) (see Table S6 of Supplementary Materials). IU (b = -0.14, 95% CI [-0.24, -

0.05], p = .003) significantly interacted with trial uncertainty to predict self-reported emotional 

valence but curiosity (b = -0.02, 95% CI [-0.12, 0.07], p = .601) did not. Visual inspection of this 

significant interaction suggests that the higher the IU, the less happy participants were in high 

uncertainty trials, whereas IU was not clearly associated with emotion ratings on low uncertainty 

trials (see Figure 4). See Table 3 for combined LMM results and see Table S4 in Supplementary 

Materials for models with emotion valence including IU and Curiosity separately. 
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Figure 4. Significant estimated effects of trial uncertainty and IU on the self-reported emotion 

valence rating. Ribbons represent 95% confidence intervals around the estimated effects. 

4.2.6 The influence of uncertainty, IU and curiosity on self-reported worry 

We hypothesised that those with higher IU would report more negative emotional 

responses, including self-reported worry, on high uncertainty trials than those lower in IU.  This 

model indicates that there was an effect of trial uncertainty on self-reported worry (b = 0.18, 95% CI 

[0.13, 0.23], p < .001); in high uncertainty trials, participants were significantly more worried than in 

low uncertainty trials. IU was a significant predictor of self-reported worry score (b = 0.11, 95% CI 

[0.03, 0.19], p = .007), suggesting that those with higher IU were more worried during the game than 

those with lower IU scores. Curiosity was not significant in predicting self-reported worry (b = 0.04, 

95% CI [-0.04, 0.12], p = .336), and curiosity did not interact with trial uncertainty to predict self-
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reported worry scores (b = 0.04, 95% CI [-0.01, 0.09], p = .113)1. In addition, IU significantly interacted 

with trial uncertainty in predicting self-reported worry scores (b =0.07, 95% CI [0.02, 0.12], p = .010). 

Visual inspection of the interaction suggests that participants were more worried in high uncertainty 

trials than low, and this effect was greatest for those high in IU (see Figure 5). See Table 3 for LMM 

results and see Table S5 in Supplementary Materials for models with worry rating including IU and 

Curiosity separately and combined and GLM with binarized rating scores. 

 

Figure 5. Significant estimated effects of trial uncertainty and IU on the self-reported worry rating. 

Ribbons represent 95% confidence intervals around the estimated effects. 

 

 

1 When the worry score was made into a binary variable and the model was run, this 
interaction was significant (OR = 1.34, 95% CI [1.05, 1.72], p = .020 
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Table 3: LMM results across dependent variables 

Fixed effects  Button presses Emotional Valence Worry 

Predictors b CI p b CI p b CI p 

Intercept 0.93 0.88 – 0.98 <0.001 3.60 3.46 – 3.73 <0.001 1.50 1.42 – 1.58 <0.001 

Trial uncertainty 0.01 -0.01 – 0.03 0.250 -0.34 -0.43 – -0.24 <0.001 0.18 0.13 – 0.23 <0.001 

IU (IUS total) -0.03 -0.08 – 0.02 0.229 -0.17 -0.31 – -0.03 0.016 0.11 0.03 – 0.19 0.007 

Curiosity (IDEC total) 0.07 0.02 – 0.12 0.011 0.07 -0.07 – 0.21 0.336 0.04 -0.04 – 0.12 0.336 

Trial uncertainty * IU -0.01 -0.03 – 0.01 0.358 -0.14 -0.24 – -0.05 0.003 0.07 0.02 – 0.12 0.010 

Trial uncertainty * Curiosity 0.00 -0.02 – 0.03 0.667 -0.02 -0.12 – 0.07 0.601 0.04 -0.01 – 0.09 0.113 

Random Effects 

σ2 0.05 0.58 0.25 

τ00 0.07 id 0.51 id 0.16 id 

τ11 0.00 id.trial_uncertainty_ec 0.15 id.trial_uncertainty_ec 0.02 id.trial_uncertainty_ec 

ρ01 -0.05 id 0.23 id 0.88 id 

ICC 0.58 0.53 0.42 

N 133 id 133 id 133 id 

Observations 536 536 536 

Marginal R2 / Conditional R2 0.038 / 0.599 0.119 / 0.586 0.112 / 0.487 

Note. Trial uncertainty is effect coded, IUS total and IDEC total are z-scored. Effects significant at the p <  .05 level are displayed in bold text, trends at p < 

.01 are displayed in italics.
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4.3 Discussion 

This is one of the first studies to examine IU and curiosity together in relation to 

information seeking behaviour and emotional responses under uncertainty. We hypothesised 

that both higher IU and higher curiosity would be associated with more information seeking 

during the task. This hypothesis was partially supported; higher curiosity, but not IU, was 

linked to more information seeking during the game. Next, we hypothesised that higher IU and 

higher curiosity would be associated with affect under high uncertainty trials, with curiosity 

linked to more positive affect and IU linked to more negative affect. Some support for this 

hypothesis was found; higher IU was associated with less happiness and more worry, 

especially on high uncertainty trials, and higher interest type curiosity was associated with 

more happiness during the game. These findings are now discussed in the context of the three 

study aims.  

Our first aim was to examine if information seeking (operationalized as button presses 

during the game) was related to IU and curiosity. Consistent with Loewenstein (1994)’s theory 

that curious individuals seek information to plug the knowledge gap, individuals with higher 

curiosity sought more information on the task (they pressed more buttons) than those lower 

in curiosity. This was not moderated by trial uncertainty which indicates that high levels of 

uncertainty aren’t required to motivate more information seeking in highly curious individuals. 

IU was not related to information seeking during the task, irrespective of uncertainty level, 

suggesting that IU may not be associated with information seeking behaviour, at least within a 

task like this.  

We conducted exploratory analyses examining the types of buttons pressed in each 

trial and found that participants high in curiosity pressed more uncertain buttons during low 
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uncertainty trials than certain buttons during high uncertainty trials, although there were only 

4 of each within their respective trials. This suggests a motivation to explore the uncertain 

buttons in participants high in curiosity, further supporting the main finding of curiosity being 

linked to information seeking. Plugging this information gap may be rewarding, in accordance 

with Kang et al. (2009) and Murayama et al. (2019), even if the outcome is negative (Hsee & 

Ruan, 2016). It is important to note that we did not have a condition where there was no 

uncertainty so it is not possible to attribute the button pressing observed in high curiosity to 

uncertainty per se; these participants may also have also pressed more buttons on a trial 

where all buttons were certain.  

Our second aim was to examine whether curiosity and IU were associated with 

emotional responses to uncertainty, through self-report questionnaires and self-reported 

emotional valence and worry during the game. Taking curiosity first, participants were 

generally happier in low uncertainty trials as would be expected (van Lieshout, de Lange, et al., 

2021), however more curious individuals were not happier in general whilst playing the game 

and the association between curiosity and positive affect did not vary across trial uncertainty. 

When interest and deprivation type curiosity were examined separately however, those with 

higher interest-type curiosity were marginally happier than those with lower interest-type 

curiosity. This relationship between interest-type curiosity and happiness was also found in 

(Whitecross & Smithson, 2023).  A possible explanation for the lack of association found for 

curiosity is ceiling effects; most participants reported being on the happier end of the rating 

scale in general. It also may be that the resolution of uncertainty within the game was not 

sufficiently informative to be rewarding for highly curious individuals.  

Focusing on IU, we found that IU was related to negative emotional responses to 

uncertainty. This is in keeping with Einstein (2014) who suggested that those with high IU are 

vulnerable to negative affect. Participants higher in IU were less happy and more worried than 
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those with lower IU in anticipation of the task, particularly in high uncertainty trials. As 

expected because of the work of Koerner and Dugas (2008), those who were higher in IU were 

more worried in general than those with lower IU, and were more worried in high uncertainty 

trials than low. The overall pattern of results for IU suggests that IU may be more closely 

related to emotional responses than to behaviour. Whilst this is consistent with some previous 

work (Jacoby et al., 2014), Krohne (1993), Hebert and Dugas (2019) and Mathews and 

MacLeod (2002) suggest that those who find uncertainty aversive may undertake safety 

behaviours such as information seeking to reduce discomfort, so we had expected to see more 

information seeking in higher IU in addition to more negative affect. It is possible that this task 

did not involve sufficiently aversive stimuli to lead to discomfort at a level that would engage 

safety behaviours. Indeed, worry scores were low overall.  

Our third aim was to explore the consistency of findings across adult and child samples 

by using an identical task to that used in our previous research with children (Ryan et al., 

2023). There were consistent findings with regards to positive affect and its relationship with 

trial uncertainty and to some extent, curiosity. Both children and adults were happier in low 

uncertainty trials than in high uncertainty trials (marginally so in children), providing further 

support to van Lieshout, de Lange, et al. (2021)’s findings that happiness decreases with higher 

uncertainty. Further to this, the more curious children were, the happier they were, and adults 

with higher interest-type curiosity were marginally happier than those with lower interest-

type curiosity, offering some support to previous findings regarding associations between 

curiosity and happiness (Kashdan et al., 2004; Whitecross & Smithson, 2023). No associations 

between IU and happiness were found for either adults or children. Similarly, IU was not 

associated with overall button pressing in either adults or children.  

There were two clear differences in findings between adults and children. In relation 

to information seeking, children pressed more buttons in high uncertainty trials than low, and 
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this was not associated with curiosity. In contrast, no overall effect of uncertainty on button 

pressing was found in adults, but those higher in curiosity pressed more buttons during the 

task than those lower in curiosity. Thus, curious adults in the present study behaved in a 

similar way to how children behaved in our previous study. This is in keeping with the idea that 

children are inherently curious (Jirout & Klahr, 2012). The second clear difference in findings 

relates to emotional responses to uncertainty. Trial uncertainty and IU were not associated 

with worry in children and there was no association between IU and happiness. In contrast, 

adults higher in IU were less happy and more worried than those lower in IU, particularly on 

high uncertainty trials. This difference in findings could indicate that IU is more closely related 

to emotions in adults, which is entirely plausible given that the construct of IU was initially 

developed based on clinical observations of adults. Alternatively, differences in findings could 

be due to the reliance on parent-report in the child study, which may not link so closely to the 

child’s internal emotional experience as self-report. Overall, our findings suggest that adult 

individual differences in IU are related more closely to emotional responses to uncertainty 

than behavioural. Comparing findings with our previous study with child participants, there is 

some indication that the impact of IU and curiosity on responses to uncertainty may change 

with age. Future research examining different developmental stages within the same study 

would help to extend this work further.  

Although our study aims related entirely to individual differences, we recognize that 

the overall group effects may also be of interest, particularly in relation to Hsee and Ruan 

(2016)’s findings. Hsee and Ruan (2016) found that participants in general sought more 

information in the high uncertainty condition, but we found no effect of trial uncertainty on 

information seeking in adults. Participants in their uncertain condition (the equivalent of our 

high uncertainty trials) were significantly less happy than those in the certain condition (the 

equivalent of our low uncertainty trials), which is consistent with our findings. Through 
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participants seeking more information in high uncertainty trials both Hsee and Ruan (2016) 

and Ryan et al. (2023)’s studies support the concept that individuals will seek information even 

when the outcome could be negative.  

There are a number of strengths with this study. It carefully builds the evidence base 

regarding responses under uncertainty, with the task being based on that designed by Hsee 

and Ruan (2016) and then a replication of Ryan et al. (2023)’s study with children; this allows 

easy comparisons across findings in what is an emerging area of research interest.  A further 

strength is our inclusion of manipulation checks that demonstrate that participants felt more 

sure (less uncertain) in low uncertainty trials than high uncertainty trials, and that aversive 

sounds were rated more negatively than neutral sounds. Where hypothesized effects have not 

been found, we can therefore be confident that it wasn’t due to issues with the trial 

manipulations. A further strength is the novelty of this work; literature examining individual 

differences, behaviour and affect under uncertainty is scarce, and to our knowledge there are 

only two previous studies examining IU and curiosity together in relation to these factors (Jach 

& Smillie, 2021; Ryan et al., 2023).  

There are however some limitations to the study. We used a task that was initially 

developed for children, which may not be sufficiently engaging or aversive for adults. We only 

recruited university students for the study, and of those, the majority were female, therefore 

we cannot be certain that the effects would hold for other age ranges or demographic groups. 

Due to issues with reliability and practical constraints, we were unable to code and analyse 

facial affect, which could have potentially highlighted further affective differences in dealing 

with uncertainty. In future studies, using psychophysiological measures such as facial 

electromyography and galvanic skin response would be helpful to examine the body’s 

responses to uncertainty and links with individual differences, behaviour and affect under 

uncertainty.  It could be beneficial to examine whether uncertainty needs to be aversive to 
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elicit responses, or whether the uncertainty itself is sufficient, therefore future work could also 

include a condition with uncertainty but no threat whatsoever, in addition to conditions with 

varying levels of threat e.g. (Morriss et al., 2021). 

4.3.1 Conclusion 

IU predicted negative emotional responses, specifically more worry and less happiness 

particularly when uncertainty was high, however IU did not predict behavioural responses 

during an uncertain task. Curiosity did not predict positive emotional responses per se, 

however higher interest-type curiosity marginally predicted more happiness than lower 

interest-type curiosity. Curiosity predicted information seeking, where more curious 

individuals pressed more buttons than those with lower curiosity, but this was not related to 

trial uncertainty. Participants did not seek more information on high uncertainty trials than 

low during the game and were generally less happy and more worried in high uncertainty 

trials. Adults’ emotional and behavioural responses to uncertainty mostly differed from 

children’s on this task, however there were similarities where both children and adults were 

happier in low uncertainty trials than in high uncertainty trials and the more curious children 

were and the higher the interest-type curiosity in adults, the happier they were.  Future 

research should focus on varying the level of threat in the task to establish if uncertainty 

requires threat to elicit a response, and also to include physiological measures to further 

examine individual differences and affect under uncertainty.  
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Chapter 5 General discussion 

Due to the limited knowledge and literature regarding how and when IU affects emotions 

and behaviours, particularly in childhood, the research undertaken for this thesis aimed to 

further explore the construct of IU through behavioural, cognitive and emotional responses to 

uncertainty, and developmental associations with anxiety. This thesis had two overarching 

aims:  

1) to examine the association between IU and worry using both a longitudinal study 

design and a behavioural task.  

2) to examine the relationship between IU and both information seeking behaviour and 

affect, under uncertainty, after controlling for any effects of curiosity. 

These aims were realised across three studies. This chapter begins with an overview of 

findings for each of the studies followed by sections focusing on how these findings relate to 

the two aims of the thesis. This is followed by consideration of strengths and challenges, 

reflections and limitations across the studies and priorities for future work. Clinical 

implications of these findings are then discussed. 

5 Overview of Findings 

5.1 Study 1: Does Intolerance of Uncertainty predict child anxiety? A longitudinal study 

Better understanding the causes or correlates of anxiety in children is important 

because earlier identification can lead to earlier treatment, reducing the chance of future 

mental health problems. Further to this, finding constructs that may be risk factors or relate to 

anxiety provides potential targets for future interventions or treatments. Associations 

between IU and anxiety are poorly understood in children; it is unclear whether IU plays a 

causal role or is a risk factor for future anxiety, or whether it acts as a maintenance 
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mechanism. The majority of previous research has been cross-sectional and conducted across 

broad age ranges, so it has not been possible to examine trajectories and changes in the 

relationship between IU and anxiety over development. It is also currently not feasible to 

measure IU in younger children, therefore we cannot examine the relationship with anxiety in 

children’s very early years. Also, it is unclear whether IU is a transdiagnostic factor and what 

the nature of associations with internalising and externalising symptoms are. Study 1 was a 

longitudinal study examining the relationship of IU with generalised anxiety, internalising and 

externalising symptoms at three timepoints across six years (from pre-school age to middle 

childhood). Parents of 179 children completed questionnaires regarding their child’s IU, 

anxiety, internalising and externalising symptoms at the first timepoint, 162 at the second and 

148 at the third.  

Hierarchical growth curve analyses were run to establish how IU moderated 

trajectories of generalised anxiety scores and internalising and externalising symptoms over 

time. IU was found to be positively associated with generalised anxiety, internalising 

symptoms and externalising symptoms at each timepoint; those with higher IU had higher 

symptoms than those with lower IU. IU predicted trends in generalised anxiety over time, 

however contrary to expectations, higher IU was linked to a decrease in generalised anxiety 

symptoms over time, and in those with lower IU, generalised anxiety symptoms were 

relatively stable over time. For internalising symptoms, lower IU was associated with an 

increase over time, but there were no effects of time for those with higher IU. IU predicted 

unusual trends in externalising symptoms over time with externalising symptoms increasing 

between time point 1 and time point 2 and decreasing between time point 2 and time point 3 

for those with higher IU, whereas for those with lower IU, externalising scores remained 

relatively stable over the three time points.  
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These findings suggest that IU is associated with generalised anxiety symptoms across 

early and middle childhood but that IU may not play a causal role in the onset of generalised 

anxiety in children because high IU was not associated with a trajectory of increasing anxiety 

over time, although it is possible that the association between IU and anxiety existed prior to 

our baseline assessment. Lastly these findings suggest that IU is associated with a range of 

mental health conditions and not just worry/generalised anxiety. 

5.2 Study 2: Uncertain World: How Children’s Curiosity and Intolerance of Uncertainty 

Relate to their Behaviour and Emotion under Uncertainty. 

Information seeking behaviour under uncertainty may be linked to IU and curiosity; 

those who are curious may fill an information gap because it is rewarding, whereas those who 

are high in IU may do so to reduce the discomfort associated with the uncertainty. Uncertainty 

in those high in IU may be associated with negative affect and in those with higher curiosity, 

with positive affect. The constructs of IU and curiosity have not been examined together in 

children and may be important in understanding how children respond to uncertainty. Study 2 

therefore aimed to examine how individual differences in IU and curiosity were associated 

with behavioural and emotional responses to uncertainty. 

Study 2 participants were 133 8-12 year old children who played an online game which 

was based on an information seeking task originally created for adults. Children were shown 

an array of buttons, each of which played a neutral or aversive sound. Uncertainty was 

manipulated through button labelling; certain neutral sounds were labelled with a symbol of 

an “okay” hand gesture, certain aversive sounds had a symbol of a “thumbs down” hand 

gesture and uncertain buttons had a question mark label (and could play either neutral or 

aversive sounds). Children completed four trials; two high uncertainty trials (with 44 uncertain 

buttons and 4 certain) and two low (with 44 certain buttons and 4 uncertain). Children were 

asked to rate their emotion valence, worry and uncertainty in anticipation of each trial. 
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Children’s facial expressions were recorded through their webcam during this period and their 

affect was coded. During trials, children had a minute to press as many or as few buttons as 

they liked. Parents reported their child’s IU and epistemic curiosity via questionnaires.  

Linear mixed effects models were run, examining the effects of curiosity and IU on 

numbers of buttons pressed, self-reported emotional valence and worry and facial affect by 

trial uncertainty. Button pressing was not related to IU or curiosity, however children pressed 

more buttons in high than low uncertainty trials suggesting that children in general wanted to 

resolve uncertainty. Exploratory findings in high uncertainty conditions suggest that children 

high in IU may press the certain buttons as a regulatory or checking behaviour in high 

uncertainty trials. Curious children reported being happier than low curiosity children when 

playing the game, but this was not related to trial uncertainty, and was not found through 

facial affect. There were no associations or interactions between IU and negative facial affect, 

self-reported emotional valence or worry. Study 2 concluded that, contrary to expectations, IU 

did not predict children’s emotional responses and that children sought more information 

under higher uncertainty, but this was not related to either IU or curiosity.  

5.3 Study 3: Uncertain World: How Adult’s Curiosity and Intolerance of Uncertainty Relate 

to their Behaviour and Emotion under Uncertainty, and how it compares with children 

As the findings of study 2 were not as expected, and because the original task by Hsee 

and Ruan (2016) was conducted with adults, an identical task to study 2 was run with adults. 

Study 3 aimed to examine how individual differences in IU and curiosity related to behavioural 

and emotional responses to uncertainty in adults. Furthermore, by comparing findings with 

Study 2, it was also possible to explore how responses might differ between children and 

adults. Participants were 133 adults who completed measures of IU and epistemic curiosity, 

before completing a game identical to that used in Study 2.   
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Again, linear mixed effects models were run, examining the effects of curiosity and IU 

on numbers of buttons pressed, self-reported emotional valence and worry by trial 

uncertainty. The pattern of results differed from those of children. Those with higher IU were 

more worried and less happy than those with lower IU during the game, particularly in high 

uncertainty trials, but they did not seek more information. Adults with higher curiosity sought 

more information than the less curious, and those with higher interest-type curiosity were 

marginally happier than those with lower interest-type curiosity. In general, participants were 

less happy but did not seek more information under higher uncertainty.  

When comparing children and adults, both were happier in low uncertainty trials than 

in high and the more curious the children and the higher the interest-type curiosity in adults 

were, the happier they were. It was concluded that individual differences are associated more 

with emotional responses to uncertainty than behavioural in adults, and that the relationship 

of IU and curiosity with responses to uncertainty may change with age. 

5.4 Integration of Findings 

5.4.1 IU and worry 

The studies in this thesis aimed to examine the relationship between IU and worry 

within a longitudinal task (Study 1) and a behavioural task (Studies 2 and 3). Existing literature 

has examined the relationship between IU, anxiety and worry for both adults and children 

(Counsell et al., 2017; Holaway et al., 2006; Osmanağaoğlu et al., 2018; Sexton & Dugas, 2009), 

however there has been limited research examining IU and anxiety or worry in children. In 

particular there is a lack of research examining: how IU is related to behavioural responses in 

children; associations between IU and worry in young children; and how IU is related to worry 

developmentally.  
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There are mixed findings with regards to the relationship between IU and worry across 

the studies in this thesis. Study 1 showed that IU was related to generalised anxiety in children 

at multiple timepoints, with children higher in IU having higher generalised anxiety over time. 

This association was found even when participants were preschoolers, which extends the 

current literature that shows strong associations between IU and worry in young people 

(Osmanağaoğlu et al., 2018).  There was also evidence that IU predicted trajectories of anxiety 

over time but not in the expected direction. Based on Dugas et al. (2012) who found a 

bidirectional and reciprocal association between IU and worry over time in adolescence, we 

expected that high IU might be associated with a trajectory of increasing anxiety over time. In 

fact, Study 1 showed anxiety decreasing over time in children high in IU. IU may not play a 

causal role in the onset of worry in children but may be a consistent correlate of generalised 

anxiety. Alternatively, causality may occur prior to preschool age.  

The findings of Study 2 did not support the hypothesis that IU was related to increased 

worry in a behavioural task. This is similar to Osmanağaoğlu et al.’s (2021) findings that 

parent-reported IU was not related to increased worry, but contrary to Krain et al. (2006) and 

Krain et al. (2008)’s findings that higher IU was related to higher anxiety in a HiLo task with 

adolescents and Osmanağaoğlu et al. (2021) findings where pre-adolescent children’s self-

reported IU was related to increased worry especially under higher uncertainty in a Beads 

task. Contrary to Study 2, in Study 3 (where participants were adults), those higher in IU 

reported more worry during the uncertain task, particularly under higher uncertainty, which is 

consistent with Koerner and Dugas (2008) who found that in those high in IU the aversive 

response triggered by uncertainty is often anxiety and worry. It is noteworthy that no 

associations are found when IU is reported by parents; this may suggest that parent-report IU 

may not be capturing the internal states associated with uncertainty.  
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When considering this aim of the thesis regarding IU and worry, it is important to also 

consider broader psychopathology such as the construct of internalising problems (which 

brings together anxiety and depression), but also externalising problems (capturing impulsive 

and conduct related problems; Achenbach, 1966). This helps to further explore Gramszlo et al. 

(2018)’s suggestion that IU may be a transdiagnostic construct. In Study 1, IU was related to 

internalising and externalising problems in children at multiple timepoints and those with 

higher IU had higher internalising and externalising problems over time. This suggests that IU 

is a construct that may not specifically be related to worry but may sit across a range of 

broader psychopathologies. Although there have been no theoretical links between IU and 

externalising symptoms previously, speculatively, high IU may be contributing to externalizing 

problems because children’s feelings of distress in the face of uncertainty may manifest in a 

negative emotional response (Buhr & Dugas, 2002). Daughters et al. (2009) posit that those 

who do not tolerate distress well are motivated to escape negative affect through risky 

behaviours, suggesting that this distress can be expressed through externalising behaviours. 

This may allow them to regain some certainty and control.  

Furthermore, in Study 3, in addition to being associated with worry in adults, IU was 

associated with more negative affect, further supporting the theory that IU is not uniquely 

related to worry. Overall, we found consistent associations between IU and worry across 

childhood, and we found that adults were more worried under uncertainty when they were 

high in IU, compared to low. We did not find any association between IU and children’s self-

reported worry, which may be due to issues with measurement, or may indicate that the 

construct of IU is not predictive of state emotions in children. Importantly, IU does not appear 

to be uniquely associated with worry, with associations to externalising and internalising 

problems found more broadly.    
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5.4.2 IU and behaviour and affect under uncertainty 

The studies in this thesis also aimed to examine the relationship between IU and both 

information seeking behaviour and affect, under uncertainty, after controlling for any effects 

of curiosity. This second aim was addressed via a behavioural task with children (Study 2) and 

adults (Study 3). Existing literature has examined information seeking behaviour under 

uncertainty in children with high IU (Osmanağaoğlu et al., 2021) and found that IU was not 

related to information seeking behaviour. Information seeking under uncertainty and high IU 

in adults (Bartoszek et al., 2022; Jacoby et al., 2014) has also been examined, however there 

have been mixed findings, countering expectations that those high in IU may undertake safety 

behaviours to reduce the discomfort associated with the uncertainty. It has also been 

suggested that those higher in IU would experience more negative affect in response to 

uncertainty, relative to low IU (Einstein, 2014; Jacoby et al., 2014). Jacoby et al. (2014) found 

this relationship in adults, but there is limited research, particularly in children. Osmanağaoğlu 

et al. (2021) found a relationship between negative affect and IU when IU was child self-

reported, but not with parent-reported IU. The studies in this thesis aimed to extend current 

research by further exploring these contradictions in the literature. Whilst the primary focus of 

the thesis was IU, curiosity has also been linked to information seeking (Frazier et al., 2009; 

Murayama et al., 2019) and positive affect (Jovanovic & Brdaric, 2012; Kashdan et al., 2004) 

therefore to ensure robustness of effects, this was controlled for. 

The thesis led to mixed findings with regards IU and behaviour under uncertainty, with 

particular inconsistencies between children and adults. In Study 2, children sought more 

information under higher uncertainty than lower uncertainty trials, but this was not related to 

IU, supporting Osmanağaoğlu et al. (2021)’s findings. In Study 3, adults with higher IU did not 

seek more information in the game than those with lower IU, similar to Jacoby et al. (2014)’s 

findings, but contrary to Bartoszek et al. (2022)’s findings where those high in IU wished to fill 
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an information gap. Curious adults however sought more information than less curious adults, 

indicating that curiosity is linked to information seeking despite IU not being related. 

There are distinct findings with regards IU and affect under uncertainty between 

children and adults. In Study 2, there was no association between IU and affect, similar to 

Osmanağaoğlu et al. (2021)’s findings. Further exploration however found with younger 

children, higher IU was related to more negative affect on low uncertainty trials, and for older 

children, higher IU was related to more negative affect on high uncertainty trials, however 

these findings need to be interpreted with caution. In Study 3, IU was found to be related to 

affect in adults; adults with higher IU had more negative affect and were more worried, 

particularly in high uncertainty, similar to Jacoby et al. (2014)’s findings. The only significant 

relationship with affect came with children’s curiosity in Study 2 where more curious children 

rated their affect more positively; this was not related to trial uncertainty. Similar to Jovanovic 

and Brdaric (2012), the more curious children reported more positive affect than less curious 

children. 

To summarise, IU was not related to information seeking behaviour in children, nor in 

adults, however children did seek more information in general on high uncertainty trials, 

perhaps suggesting a general curiosity. Further to this, curious children also reported more 

positive affect. In children, IU was not related to affect, however in adults, it was. These 

findings together present a mixed picture with regards to the hypothesis. IU does not clearly 

lead to increased information seeking, although the exploratory findings suggest there may be 

a subtle relationship with behaviour in children, which requires replication. In adults, IU 

appears to be related to more negative affect, but this same association is not found in 

children. The findings therefore suggest that there may be developmental differences in how 

IU, behaviour and affect under uncertainty are related.  
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5.5 Strengths 

This thesis has several strengths. Study 1 is the first research to examine IU and 

generalised anxiety over time in early to middle childhood, which is important because 

associations between IU and worry may change as children develop. Study 2 and 3 present 

some of the first research to examine the construct of IU and curiosity together in relation to 

behaviour and affect. Novel methods, with careful controls, were used to capture information 

seeking, worry and affect in response to uncertainty on a ‘lab-based task’ which was actually 

conducted remotely by participants’ at home (due to COVID-19 lockdowns). This study also 

trialled recording and coding children’s facial affect through their webcam as an alternative to 

being unable to use physiological measures in the lab due to the COVID-19 lockdowns. Lastly, 

the design of Study 2 was based on an adult study, which was adapted for children, and then 

replicated with adults. This approach builds the evidence base in the field, allowing easy 

comparisons across findings.  

5.6 Limitations, reflections and future directions 

Despite the strengths of this thesis, there are several limitations, many of which have 

been discussed in individual papers. There are however some broader limitations that need to 

be considered in relation to the findings and conclusions of this thesis. In this next section, 

these limitations are discussed within the context of broader reflections on the processes and 

learning that has taken place as this thesis was conducted. Opportunities for future research 

are also included.   

5.6.1 Research through a pandemic 

 When reflecting on the pathway and development of plans for this thesis, the COVID-

19 pandemic needs to be considered. A full body of work was designed, programmed and 

piloted in 2019, and data collection had just begun as the lockdown was announced. All 
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activities were lab based and included computerised tasks examining decision making under 

uncertainty and psychophysiological measures to examine the body’s response to uncertainty 

in children, along with an observation task to examine behavioural responses to uncertainty. 

For an overview of the original research questions and methods see Appendix 14. When it was 

clear that the return to the lab was not imminent, a new body of work needed to be 

developed to address the research questions as best as possible using methods that would 

work remotely. This allowed the introduction of novel methods such as recording and coding 

facial affect, but also created challenges. As participants were in their own home rather than 

in the lab, there was limited control over the environment around them when completing the 

task. I trialled collecting and coding facial affect but this was not very reliable, despite 

considered effort to improve reliability. Thus, a limitation of the thesis is that the studies are 

not as carefully controlled as they would have been in a lab setting and it was not possible to 

include psychophysiological measures, which may have provided further insights into 

children’s behaviour under uncertainty. 

Following on from the studies in this thesis, the relationship between behaviour and 

IU in children remains unclear, with little evidence so far that IU directly affects behaviour. 

Further investigation is therefore required to examine different types of behaviour and some 

of the subtle aspects of the relationship. Next steps may include a battery of measures, 

potentially similar to the originally planned “Uncertainty Room” (see Appendix 14; where 

behaviour under uncertainty can be observed, including physiological measures to examine 

skin conductance and pupil dilation under uncertainty in conjunction with a number of 

questionnaire measures of uncertainty.  

Lastly, in the longitudinal study (Study 1), the unexpected stressor of the lockdown 

may have impacted the trajectory of mental health symptoms over time. It would therefore be 

beneficial to follow up with the cohort again to give a fourth timepoint. It also could be 
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interesting to see the relationship between IU and generalised anxiety in early adolescence, as 

the children transition into puberty and to high school, as anxiety can emerge at this time.  

5.6.2 Conducting research with children 

There are many complexities in doing research and experimental work with children, 

particularly research that addresses complex and potentially developmentally-sensitive 

constructs such as IU. There are difficulties with designing tasks and capturing responses to 

uncertainty and there appear to be nuances in how children behave and feel throughout 

different ages of development. Children may be overconfident in the face of uncertainty as 

they face it all the time, thus, confidence may differ depending on stage of development 

(Lapidow et al., 2022). It may also be only specific types of uncertainty, under specific 

situations that influences children’s emotional and behavioural responses. For example, 

perhaps only uncertainty in situations that are important to children might affect their 

emotions and behaviour (e.g. a child who is really committed to playing football and their 

team winning might particularly react to uncertainty in the context of their football games).  

One challenge when working with young children is that they cannot easily provide 

self-report. The thesis results suggest that parent-reported IU may not accurately reflect the 

potentially developmental aspects of IU and the internal state of children, especially when 

compared to child self-report IU. It is therefore important to establish an effective way of 

capturing IU in children. Further to this, existing measures of IU in children may not take any 

changes through development into account. One possibility addressing the latter concern is 

the new measure Youth Intolerance of Uncertainty – Parent Report (YIU-PR) (Wong & 

Caporino, 2023) which claims to be a developmentally sensitive measure of IU in children and 

adolescents. This was not yet available when the thesis work began so it was not possible to 

include it. A further consideration with regards to behavioural tasks with children, is that they 

have mainly been designed based on adult behavioural studies. As we have seen in this thesis, 
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the manifestation of IU may differ between children and adults, therefore novel designs 

should be developed specifically with children in mind.  

Another developmental consideration is what the profile of IU in adolescence looks 

like. Tymula et al. (2012) suggests that adolescents are better at tolerating uncertainty than 

adults and may therefore take risks where adults may not. However their relationship with 

uncertainty is not straightforward. They can tolerate the uncertainty within ambiguous 

conditions (such as when it is unclear if they will win or lose), but they are more averse to 

clearly stated risk (Tymula et al., 2012)s. This further illustrates the potential developmental 

changes in responses to uncertainty that occur between childhood and adolescence and that 

further research examining developmental trajectories of IU into adolescence is warranted. 

5.6.3 Qualitative work with young people 

The importance of doing qualitative work to capture children’s voices cannot be 

understated. Understanding children’s thoughts and behaviour in relation to uncertainty and 

uncertain situations in real life could further inform experimental work. It could also help to 

develop interventions that target reactions to uncertainty specifically in those with high IU. As 

part of the work conducted for this PhD, I conducted initial interviews with young people and 

parents where children were high in IU. Unfortunately it was not possible to conduct a full 

qualitative analysis of these interviews due to time constraints. Initial reflections following 

from interviews with young people high in IU are that they can feel uncertain in any number of 

situations, ranging from taking a test, going on holiday, to being bullied. Most young people 

seem to experience physical feelings of uncertainty (such as stomach aches, butterflies and 

sweaty palms), and tend to have some kind of physical manifestation such as having slower 

physical movements and staying quiet. Interestingly, many young people also reported some 

kinds of uncertainty being positive (such as birthday surprises, holidays, seeing old friends), 

and reported that in that situation their behaviour would be energetic and chatty. This 
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suggests that not all uncertainty might be negative for young people high in IU. Individuals 

reported that adding new uncertain things when they are already in a situation they do not 

like, adding pressure, or having lots of people talking about the uncertainty made it worse. 

What was clear however is that what creates a sense of uncertainty, and how children 

respond, is very idiosyncratic; what is unpleasant and uncertain for one person who is high in 

IU may be positive and uncertain for another. Initial reflections suggest that conducting this 

kind of qualitative work is an important direction for future research in further understanding 

how IU manifests in children and the nuance of children’s personal relationship with 

uncertainty   

5.6.4 General reflections 

My general reflections from the past six years of working on this body of work is that 

young people’s feelings and behaviours surrounding uncertainty are very much situational. I 

also believe that thresholds are very important when it comes to young people being able (or 

not able) to deal with uncertainty. The more uncertainties are stacked up, the less able the 

children are to deal with it. Children higher in IU may therefore have a lowered threshold for 

the point at which they feel there is too much uncertainty. It may be that isolated uncertainty 

studies are not effective because they do not offer real-life situations where outcomes are 

valued. It is also possible that, because there is typically only one uncertainty that they face in 

a lab-based task, it is not enough for most participants to push them over their threshold. It 

may be sensible to try to build tasks that more closely reflect real life, where the outcome is 

related to participants’ own values and goals and also to manipulate levels of uncertainty in 

different domains to test the hypothesis that the more uncertainty there is, the less able 

participants high in IU are to cope. 
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5.6.5 Future research summary 

Priorities for future research include designing experimental tasks specifically for 

children, based on current research, and including psychophysiological measures. In anxiety 

research, some commonly used psychophysiological measures are heart rate variation, skin 

conductance response, pupillometry and facial EMG (Hyde et al., 2019). Altering the stimuli 

when examining physiological responses in experimental tasks by, for example, removing 

threat or introducing positive uncertainty could help to further elucidate physiological 

responses under uncertainty. Physiological characteristics may indeed look different under 

uncertainty than under anxiety and exploring this further may help to disentangle anxiety from 

IU. A further consideration is whether there are any novel physiological measures of reactions 

to uncertainty that are separate to measures of anxiety. 

As previous research examining the relationship between children’s behaviour and IU 

is sparse and has had mixed findings, and as parent-reported IU does not necessarily seem to 

be capturing IU in children, further understanding the differential patterns of children’s 

behaviour in response to uncertainty through behavioural observation work would be helpful 

in establishing if changes in behaviour are observable and are related to IU.  The Uncertain 

World game could be modified, with a focus on conditions under which emotional and 

behavioural differences may be elicited, for example, manipulating levels of threat and adding 

more variations of uncertainty, including a condition with 50% certain and 50% uncertain 

buttons, and another condition where all of the buttons are certain. Further to this, we could 

establish each child’s personal threshold of acceptable levels of uncertainty and manipulate 

uncertainty based on this baseline per child. Manipulating reward or salience could also help 

to further understand children’s behaviour under uncertainty potentially by way of adding an 

incentive or goal through instruction e.g. gaining points for pressing as many buttons as 

possible in a minute or by removing the reward. “Removing the reward” could involve the 
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child having to pay to engage with uncertainty i.e. the child is given a pound and has to pay 10 

pence to press each button. Manipulating these various parameters could help towards 

getting a more sensitive measure of responses to uncertainty. In order to increase sensitivity 

with regards to curiosity, it is worth considering including positive noises and varying the game 

instructions to attempt to elicit curiosity.  

There are various different developmental stages of childhood which would be helpful 

to explore with regards to IU. As it is unclear at what point IU may begin in childhood, it is 

important to be able to measure IU in younger children, however no measures currently exist. 

As behaviour is difficult to see when it comes to IU in children, it is necessary to further 

explore of the manifestation of IU through games using different types of uncertainty. 

Childhood transitions can lead to a sense of uncertainty, and as there is a lack of clarity with 

regards to IU through development, it is important to examine these periods. Examining IU in 

children in years 6 and Year 7 who are transitioning to secondary school, and concurrently 

examining IU in a control group of middle school pupils who are not transitioning could further 

help our understanding of IU at these times of change. Extending the longitudinal study into 

adolescence would also be beneficial in understanding further the trajectory of generalised 

anxiety and IU. Of note, the adult IU/GAD data from the Uncertain World game looked similar 

to that of the older children, therefore examining this further through cross-sectional work 

may provide some interesting insight.  

Due to the potential fluctuations in IU through development, and as parent-report 

could be considered an unsatisfactory measure of IU, it would be beneficial to develop a 

developmentally sensitive child-report measure of IU. Lastly, qualitative work would be 

beneficial to understanding children’s thoughts and feelings surrounding uncertainty and in 

developing a child self-report measure. 
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5.7 Clinical Implications 

There is increased interest in developing treatments for generalised anxiety in 

children, targeting uncertainty specifically. This is in part motivated by research showing that, 

in adults, treatment targeting tolerating uncertainty has been found to be successful in 

reducing social phobia and GAD (Miller & McGuire, 2023). There is also interest in developing 

alternative treatments for children with anxiety as CBT is not effective in a large percentage of 

young people (James et al., 2020).  

This thesis aimed to further understanding of the relationship between IU and anxiety 

as well as responses to uncertainty with a view to informing future research or interventions, 

ensuring that the correct mechanisms are targeted. Unfortunately, due to research in children 

lagging behind that of adults, there has not yet been sufficient evidence to develop IU-focused 

treatments for children, however this thesis has extended the literature, and the 

understanding of the nature of IU in children, providing future directions for necessary 

research. 

The results of Study 1 showed that IU may be a core feature of anxiety in young 

children through to middle childhood, but there was no evidence that it was playing a causal 

role in the onset of generalised anxiety. Preschool children with higher IU actually showed a 

decrease in generalised anxiety over time. It is not therefore clear whether targeting IU in 

interventions with younger children would be useful for reducing future generalised anxiety. 

Further to this, in Study 2, a complex relationship between IU and behaviour emerged, 

suggesting that those with higher IU may be using regulatory or checking behaviours under 

high uncertainty. This requires further investigation, however this is clinically of interest as 

could be a potential focus for treatment. The lack of relationship between IU and worry needs 

to be interpreted with caution, as the parent-report measure of IU may not be representing 

the internal thoughts of the children.  
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The efficacy of treatment targeting tolerating uncertainty in adults (Miller & McGuire, 

2023) is logical, following the results in Study 3 where adults are less happy and more worried 

under uncertainty. However, as the pattern of results appear differently in children in Study 2, 

it is worth considering that our expectations of behaviour and affect in children with IU may 

not be correct. It may be that targeting uncertainty in therapy for adults with IU may act as a 

means of reducing anxiety/worry, but these therapies for adults may not be effective with 

children due to their differing response to uncertainty. It is clear that IU may present 

differently in children than adults, and that more research needs to be done to understand the 

intricacies of the relationship between IU and anxiety in children over development before 

evidence-based interventions can be effectively developed. 

5.8 Conclusions 

The studies in this thesis aimed to examine the association between IU and worry 

using a longitudinal study design and a behavioural task. The thesis fulfilled this aim and 

established that, through early and middle childhood, IU was associated with generalised 

anxiety symptoms, but that IU did not appear to cause the onset of generalised anxiety in 

children.  

The studies in this thesis also aimed to examine the relationship between IU and 

information seeking behaviour and affect under uncertainty in both children and in adults, 

after controlling for the effect of curiosity. The thesis fulfilled this aim; IU and information 

seeking behaviour in children were not related in general, however in specific circumstances, 

those high in IU may seek very particular information. IU and information seeking behaviour in 

adults were not found to be related at all. IU was not related to affect in children, however in 

adults, it was. 

These findings advance current understanding of the construct of IU and how it relates 

to behavioural, cognitive and emotional responses to uncertainty. Furthermore, the thesis 
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provides new knowledge about developmental associations between IU and generalised 

anxiety. Priorities for future work include further psychophysiological, observational and 

qualitative work with children. 
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6.1 Appendix 1a) Supplementary Materials for Study 1 

Demographic Information 

Table S1. Demographic characteristics of the sample used in the analyses at baseline, time 

point 2 and time point 3 

 Baseline TP2 TP3 

Characteristic  N (%)  N (%) N (%) 

Child gender  
Male  

Female  

180 
90 (50%) 
90 (50%) 

162 
79 (49%) 
83 (51%) 

148 
69 (47%) 
79 (53%) 

Child ethnicity  
White 

Non-white  

 
159 (88%) 
21 (12%) 

 
145 (90%) 
17 (10%) 

 
129 (87%) 
19 (13%) 

Child birth order  
First born   

Second born   
Third 
Other 

 
93 (52%) 
61 (34%) 
16 (9%) 
10 (6%) 

 
82 (51%) 
55 (34%) 
15 (9%) 
10 (6%) 

 
75 (51%) 
50 (34%) 
13 (9%) 
10 (7%) 

Diagnosed learning difficulty, 
mental health problem or 

atypical development 
Yes 
No 

 
 
 

3 (2%) 
177 (98%) 

 
 
 

13 (8%) 
149 (92%) 

 
 
 

31 (21%) 
117 (79%) 

Caregiver marital status  
One parent at home (Single, 

Separated, Divorced) 
Two parents at home 

(Married) 
Other 

 
18 (10%) 

142 (79%) 
20 (11%) 

 
17 (10%) 

132 (81%) 
13 (8%) 

 
18 (12%) 

119 (80%) 
11 (7%) 

Parent employment status 
Employed full-time 
Employed part-time 

Self-employed 
Full-time home-maker 

Unemployed 
Other  

 
25 (14%) 
76 (42%) 

Not option at TP1 
48 (27%) 

6 (3%) 
25 (14%) 

 
34 (21%) 
74 (46%) 
17 (10%) 
22 (14%) 

3 (2%) 
12 (7%) 

 
46 (31%) 
69 (47%) 
19 (13%) 
11 (7%) 
1 (1%) 
2 (1%) 

Parent level of education  
Primary School 

GCSE 
A-levels 

College/apprenticeship 
Certificate/Diploma 

Undergraduate Degree 
Postgraduate Degree 

 
2 (1%) 

15 (8%) 
11 (6%) 

21 (12%) 
84 (47%) 
29 (16%) 
18 (10%) 

 
3 (2%) 

13 (8%) 
12 (7%) 

17 (10%) 
74 (46%) 
23 (14%) 
20 (12%) 

 
3 (2%) 
9 (6%) 
8 (5%) 

20 (14%) 
61 (41%) 
26 (18%) 
21 (14%) 

Child attending school in first 
lockdown 
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Yes 
No 

32 (20%) 
130 (80%) 

Parent essential worker 
Yes 
No 

  
67 (41%) 
95 (59%) 

 

Child in vulnerable group re 
COVID 

Yes 
No 

  
 

3 (2%) 
159 (98%) 

 

Member of family in 
vulnerable group re COVID 

Yes 
No 

  
 

35 (22%) 
127 (78%) 

 

 

Methods 

 

Power analysis  

With regards to power analysis, we were restricted by our baseline sample size (180 

participants). In our previous longitudinal work, a drop out at follow up of approximately 20% 

has been typical. This leaves an approximate sample size of 144 participants. We conducted a 

post hoc power analysis using G*Power3.1 (Faul, Erdfelder, Lang, & Buchner, 2007) to evaluate 

what effect size we would be able to detect with at least 80% power given this sample size. 

Using multiple regression to evaluate an R2 increase with one tested predictor (IU) and either 

1, 2 or 3 predictors total (IU, baseline GA/internalising problems/or externalising problems 

(and) parental anxiety), and an alpha of 0.05, the smallest f2 effect size we would detect using 

p < .05 would be f2 = 0.06 and this would be detected at 83% power. We were satisfied that 

the sample is large enough to provide a robust test of the hypotheses. A small effect size 

would be missed, but as the clinical utility of a predictor with a small effect size is limited, the 

study was adequately powered to detect clinically relevant predictors of generalized 

anxiety. Following on from this approach to power, we chose to analyse the data using mixed 

effects models and growth curve analysis. 
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  We have not conducted any analysis of the IU baseline data and therefore have no 

bias by prior observation. 

 

Results 

Descriptive statistics 

The descriptive statistics for certain PAS/SCAS subscales (Social Anxiety (SA), 

Separation Anxiety (Sep), Generalised Anxiety (GA)) and RULES scores can be found in Table S2 

below, as well as bivariate correlations between the variables. As shown in Table S2, all 

variables were correlated apart from TP1 Social  Anxiety and TP3 Generalised Anxiety.
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Table S2. Means, standard deviations, and correlations with confidence intervals for certain PAS/SCAS subscales (Social Anxiety (SA), Separation Anxiety 

(Sep), Generalised Anxiety (GA)) and RULES scores at each time point.  

  
Variable M SD 1 2 3 4 5 6 7 8 9 10 11 

              
1. TP1 SA 6.40 4.75                       
                            
2. TP2 SA 4.90 3.11 .38**                     
      [.23, .50]                     
                            
3. TP3 SA 5.18 3.20 .23** .52**                   
      [.08, .38] [.39, .63]                   
                            
4. TP1 Sep 4.09 3.21 .56** .42** .30**                 
      [.45, .65] [.29, .54] [.14, .44]                 
                            
5. TP2 Sep 5.49 3.57 .25** .60** .53** .45**               
      [.10, .39] [.49, .69] [.40, .64] [.32, .57]               
                            
6. TP3 Sep 4.82 3.53 .16* .41** .58** .39** .61**             
      [.00, .32] [.27, .54] [.46, .68] [.25, .52] [.50, .71]             
                            
7. TP1 GA 3.94 3.41 .63** .46** .39** .72** .50** .35**           
      [.53, .71] [.33, .58] [.25, .52] [.64, .79] [.37, .61] [.20, .48]           
                            
8. TP2 GA 3.38 2.23 .22** .61** .50** .45** .65** .45** .56**         

      [.06, .36] [.50, .69] [.36, .61] [.32, .57] [.55, .73] [.31, .57] [.44, .66]         

                            
9. TP3 GA 3.83 2.79 .11 .42** .59** .34** .52** .74** .38** .57**       
      [-.06, .26] [.28, .55] [.47, .68] [.19, .48] [.39, .63] [.65, .80] [.23, .51] [.45, .67]       
                            
10. TP1 RULES 35.01 11.48 .56** .47** .37** .63** .40** .30** .74** .46** .34**     
      [.45, .65] [.34, .58] [.23, .51] [.53, .71] [.26, .52] [.14, .44] [.67, .80] [.32, .57] [.19, .48]     
                            
11. TP2 RULES 34.38 14.95 .25** .71** .53** .38** .62** .45** .53** .68** .45** .62**   
      [.10, .39] [.63, .78] [.40, .64] [.24, .50] [.52, .71] [.30, .57] [.41, .63] [.59, .76] [.31, .58] [.52, .71]   
                            
12. TP3 RULES 35.76 15.62 .20* .57** .63** .30** .51** .62** .42** .53** .60** .51** .78** 
      [.04, .35] [.44, .67] [.52, .71] [.15, .44] [.38, .62] [.51, .71] [.28, .55] [.40, .64] [.48, .69] [.38, .62] [.70, .84] 
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Note. M and SD are used to represent mean and standard deviation, respectively. Values in square brackets indicate the 95% confidence interval for each 
correlation. The confidence interval is a plausible range of population correlations that could have caused the sample correlation (Cumming, 2014). * 
indicates p < .05. ** indicates p < .01. 
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Growth curve models not controlling for STAI or marital status 

 Models were run without controlling for STAI or marital status. These revealed very 

similar results to the models 1b, 2b and 3b of supplementary materials where controls and 

outliers were included (see Table S4). 

Model 1a: RULES and GA subscale score models, not controlling for STAI or marital status  

RULES was a significant predictor of GA subscale score [F[1] = 105.93 p < .001], and 

there was no significant linear effect of time [F[1] = 0.58, p  = .446], but there was a significant 

quadratic effect of time [F[1] = 5.71, p = .017]. There was, a significant interaction between 

RULES and linear time [F[1] = 12.36, p < .001]. Further probing of this interaction using the 

Johnson-Neyman technique showed that a greater RULES score was linked to a decrease in GA 

subscale score over time (Fig 1aS(A)) (i.e. where RULES was ≥ 1.01, there was a linear decrease 

in GA subscale score over time). Additionally, a low RULES score was also linked to an increase 

in GA subscale score over time (i.e. where RULES was ≤ -0.37, there was a linear increase in GA 

subscale score over time), however this was predominantly outside the range of observed 

data. There was no significant interaction between RULES and the quadratic effect of time 

[F[1] = 2.57, p = .110]. All of these effects and interactions (or lack of) follow the same pattern 

as the main manuscript where outliers were removed, except that there was a linear effect of 

time and a significant interaction between RULES and the quadratic effect of time (see Model 

1 in the main manuscript).  
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Fig 1aS. RULES and GA subscale score, not controlling for STAI or marital status. This figure 

shows a Johnson-Neyman plot illustrating the significant interaction effects. 1aS shows the 

relation between RULES scores and linear slope of GA subscale score over time. The range of 

observed data is shown by the bold black horizontal line, the blue shaded areas show where 

the slopes were significant (p < .05), and the red shaded areas show where the slopes were 

not significant (n.s). RULES moderated a decrease in GA subscale score over time; when RULES 

scores were ≥ 1. 01, the linear decrease of GA subscale score over time differed significantly 

from zero. The higher the RULES, the stronger the linear decrease of GA subscale score over 

time. The opposite was found for low RULES scores. Where RULES ≤ -0.37, there was a linear 

increase in GA subscale score over time, however this predominantly lay outside the range of 

observed data.  

Model 2a: RULES and HBQ Internalising models, not controlling for STAI or marital status 

RULES was a significant predictor of HBQ Internalising [F[1] = 115.46, p < .001], and 

there was a significant linear effect of time [F[1] = 62.96, p < .001] however there was no 

significant quadratic effect of time [F[1] = 1.02, p = .312].  There was a significant interaction 

between RULES and linear effects of time [F[1] = 6.48, p = .011], however there was no 

interaction between RULES and quadratic effects of time [F[1] = 0.13, p = .717]. Further 
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probing of the significant interaction using Johnson-Neyman technique showed that a lower 

RULES score was linked to an increase in HBQ Internalising scores over time (Fig 2aSA) (i.e. 

where RULES was ≤ 1.61, there was a linear increase in HBQ internalising over time). 

Additionally, a high RULES score was also linked to a decrease in HBQ internalising over time 

(i.e. where RULES was ≥ 13.62, there was a linear decrease in HBQ internalising over time), 

however this was predominantly outside the range of observed data. The pattern of these 

results matches the main manuscript where controls are included and outliers removed, 

except that in the main model, there was in fact a marginal quadratic effect of time (see 

Model 2 in the main manuscript). 

 

  

Fig 2aS. RULES and HBQ Internalising, not controlling for STAI and marital status.  This figure 

shows a Johnson-Neyman plot illustrating the significant interaction effects. 2aS shows the 

relation between RULES scores and linear slope of HBQ Internalising over time. The range of 

observed data is shown by the bold black horizonal line, the blue shaded areas show where 

the slopes were significant (p < .05), and the red shaded areas show where the slopes were 

not significant (n.s). RULES moderated an increase of HBQ internalising over time; when RULES 

scores were ≤  1.61, the linear increase of HBQ internalising over time differed significantly 

from zero. The lower the RULES, the stronger the linear increase of HBQ internalising over 
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time. The opposite was found with high RULES scores. Where RULES ≥13.62, there was a linear 

decrease in HBQ internalising over time, however this lay predominantly outside of the range 

of observed data.  

Model 3a: RULES and HBQ Externalising models, not controlling for STAI or marital status 

RULES was a significant predictor of HBQ Externalising [F[1] = 26.79, p < .001] and 

there was a significant quadratic effect of time [F[1] = 5.53, p = .019]. However, there was not 

a significant  linear effect of time [F[1] = 0.35, p = .557], and there was no significant 

interaction between RULES and quadratic effects of time [F[1] = 1.11, p = .294]. There was 

however an interaction between RULES and linear effects of time [F[1] = 4.30, p = .039]. 

Further probing of this interaction using the Johnson-Neyman technique showed that a 

greater RULES score was linked to a decrease in HBQ Externalising over time (Fig 3aSA) (i.e. 

where RULES was ≥ 1.22, there was a linear decrease in HBQ Externalising over time). 

Additionally, a low RULES score was also linked to an increase in HBQ Externalising over time 

(i.e. where RULES was ≤ -6.34, there was a linear increase in HBQ Externalising over time), 

however this was predominantly outside the range of observed data.  

When controls were included and outliers removed (in the main manuscript), the 

pattern of results differed as there was not a significant effect of quadratic time, and there 

was not a significant interaction between RULES and the linear effect of time, however there 

was a significant interaction between RULES and the quadratic effect of time. 
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Fig 3aS. RULES and HBQ Externalising, not controlling for STAI and marital status.  This figure  

shows a Johnson-Neyman plot illustrating the significant interaction effects. 3aS shows the 

relation between RULES scores and linear slope of HBQ Externalising over time. The range of 

observed data is shown by the bold black horizonal line, the blue shaded areas show where 

the slopes were significant (p < .05), and the red shaded areas show where the slopes were 

not significant (n.s). RULES moderated an increase of HBQ externalising over time; when 

RULES scores were ≥ 1. 22, the linear decrease of HBQ Externalising over time differed 

significantly from zero. The higher the RULES, the stronger the linear decrease of HBQ 

Externalising over time. The opposite was found for low RULES scores. Where RULES ≤ -6.34, 

there was a linear increase in HBQ Externalising over time, however this predominantly lay 

outside the range of observed data.
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Table S3: LMM Results with no controlling variables 

  GA Subscale Score HBQ Internalising HBQ Externalising 

Predictors Estimates CI p Estimates CI p Estimates CI p 

Intercept 0.32 0.20 – 0.43 <0.001 3.50 3.22 – 3.77 <0.001 3.17 2.90 – 3.44 <0.001 

RULES 0.61 0.49 – 0.73 <0.001 1.50 1.23 – 1.78 <0.001 0.71 0.44 – 0.99 <0.001 

Linear Time 0.05 -0.08 – 0.18 0.446 1.10 0.82 – 1.37 <0.001 -0.06 -0.26 – 0.14 0.557 

Quadratic Time 0.16 0.03 – 0.29 0.017 -0.14 -0.41 – 0.13 0.312 -0.24 -0.44 – -0.04 0.019 

RULES x Linear Time -0.24 -0.37 – -0.11 <0.001 -0.36 -0.63 – -0.08 0.011 -0.22 -0.43 – -0.01 0.039 

RULES x Quadratic Time 0.11 -0.02 – 0.24 0.109 -0.05 -0.33 – 0.22 0.717 -0.11 -0.32 – 0.10 0.293 

Random Effects 

σ2 0.70 2.98 1.66 

τ00 0.35 child_ID 2.28 child_ID 2.71 child_ID 

ICC 0.33 0.43 0.62 

N 179 child_ID 179 child_ID 179 child_ID 

Observations 487 487 486 

Marginal R2 / Conditional R2 0.282 / 0.519 0.339 / 0.626 0.112 / 0.664 

 

Note: RULES scores are centred.
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Model 1b: RULES and GA subscale score models controlling for STAI and marital status, 

including outliers 

RULES was a significant predictor of GA subscale score [F[1] = 94.21, p < .001], and 

there was a significant quadratic effect of time [F[1] = 7.18, p = .008]. There was no significant 

linear effect of time [F[1] = 0.11, p = .740]. Marital status was not a significant predictor of 

generalised anxiety [F[2] = 1.00, p = .370, however parent STAI was [F[1] = 8.24, p = .004. 

There were significant interactions between RULES and the linear effect of time [F[1] = 11.12, 

p = .001]. Further probing of this interaction using Johnson-Neyman technique showed that a 

greater RULES score was linked to a decrease in GA subscale score over time (Fig 1bSA) (i.e. 

where RULES was ≥ 0.88, there was a linear decrease in GA subscale score over time). 

Additionally, a low RULES score was also linked to an increase in GA subscale score over time 

(i.e. where RULES was ≤ -0.58, there was a linear increase in GA subscale score over time), 

however this was predominantly outside the range of observed data. There was no interaction 

between RULES and the quadratic effect of time[F[1] = 2.10, p = .149].  

When covariates (parent STAI and marital status) were removed from the model, the 

model results were consistent (see Model 1a in Supplementary Materials). When outliers were 

removed from the model, there was in fact a linear effect of time, and in addition to there 

being an interaction between RULES and the linear effect of time, there was also an 

interaction between RULES and the quadratic effect of time (see Model 1 in the main 

manuscript); when RULES was high there was a slight decline in GA subscale score between 

TP1 and TP2, and then a slight increase between TP2 and TP3, whereas when RULES was low, 

there was a steady increase over time.  
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Fig 1bS. RULES and GA subscale score controlling for STAI and marital status.  This figure 

shows a Johnson-Neyman plot illustrating the significant interaction effects; the relation 

between RULES scores and linear slope of GA subscale score over time. The range of observed 

data is shown by the bold black horizonal line, the blue shaded areas show where the slopes 

were significant (p < .05), and the red shaded areas show where the slopes were not 

significant (n.s). RULES moderated a decrease of GA subscale score over time; when RULES 

scores were ≥ 0.88, the linear decrease of GA subscale score over time differed significantly 

from zero. The higher the RULES, the stronger the linear decrease of GA subscale score over 

time. The opposite was found with low RULES scores. Where RULES ≤ -0.58, there was a linear 

increase in GA subscale score over time, however this lay predominantly outside of the range 

of observed data.  

Model 2b RULES and HBQ Internalising models controlling for STAI and marital status 

RULES was a significant predictor of HBQ Internalising scores [F[1] = 100.60 p < .001], 

and there was a significant linear effect of time [F[1] = 53.23, p < .001] but no significant 

quadratic effect of time [F[1] = 0.29, p = .593]. There was also a significant effect of STAI [F[1] = 

22.79, p < .001] but no significant effect of marital status [F[2] = 1.49, p = .229]. There was a 

significant interaction between RULES and linear effects of time [F[1] = 5.10, p = .025], 

however there was no significant interaction between RULES and quadratic effects of time 

[F[1] = 0.41, p = .520]. Further probing of this interaction using Johnson-Neyman technique 
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showed that a lower RULES score was linked to an increase in HBQ Internalising scores over 

time (Fig 2b) (i.e. where RULES was ≤ 1.58, there was a linear increase in HBQ internalising 

over time). Additionally, a high RULES score was also linked to a decrease in HBQ internalising 

over time (i.e. where RULES was ≥ 24.71, there was a linear decrease in HBQ internalising over 

time), however this was predominantly outside the range of observed data. When outliers 

were included and confounds were removed from the models, the pattern of results was 

consistent (see Model 2 in the main manuscript and Model 2a in Supplementary Materials). 

When outliers were removed from the main model the quadratic effect of time approached 

significance (see Model 2 in the main manuscript).  

  

Fig 2bS. RULES and HBQ Internalising controlling for parental anxiety and marital status.  

This figure shows a Johnson-Neyman plot illustrating the significant interaction effects. 2bS 

shows the relation between RULES scores and linear slope of HBQ Internalising over time. The 

range of observed data is shown by the bold black horizonal line, the blue shaded areas show 

where the slopes were significant (p < .05), and the red shaded areas show where the slopes 

were not significant (n.s). RULES moderated an increase of HBQ internalising over time; when 

RULES scores were ≤  1.58, the linear increase of HBQ internalising over time differed 

significantly from zero. The lower the RULES, the stronger the linear increase of HBQ 
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internalising over time. The opposite was found with high RULES scores. Where RULES ≥24.71, 

there was a linear decrease in HBQ internalising over time, however this lay predominantly 

outside of the range of observed data.  

Model 3b RULES and HBQ Externalising models controlling for STAI and marital status  

RULES was a significant predictor of HBQ Externalising scores [F[1] = 19.95, p < .001] 

but there was no significant linear effect of time [F[1] = 1.70, p = .193 and no significant 

quadratic effect of time [F[1] = 3.61, p = .058]. There was a significant effect of STAI [F[1] = 

16.57, p < .001] and of marital status [F[2] = 4.45, p = .013]. However, there was a marginal 

significant interaction between RULES and linear[F[1] = 3.16, p = .076] but no significant 

interaction with quadratic [F[1] = 1.72, p = .190] effects of time.  

When controlling variables were removed from the model, the results were similar 

however there was a significant quadratic effect of time, and a significant interaction between 

RULES and the linear effect of time (see Model 3a in Supplementary Materials). When outliers 

were removed, results were similar but there was no significant interaction between RULES 

and linear effects of time, and there was a significant interaction between RULES and 

quadratic effects of time (see Model 3 in the main manuscript).
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Table S4. LMM Results.  

 GA Subscale Score HBQ Internalising HBQ Externalising GA Subscale Score no controls 

Predictors 
Estimat

es 
CI p 

Estim
ates 

CI p Estimates CI p 
Estim
ates 

CI p 

Intercept 0.51 0.15 – 0.87 0.006 4.17 3.33 – 5.01 <0.001 4.33 3.51 – 5.1
5 

<0.001 0.32 0.20 – 0.4
3 

<0.001 

RULES 0.58 0.46 – 0.70 <0.001 1.39 1.12 – 1.66 <0.001 0.60 0.33 – 0.8
6 

<0.001 0.61 0.49 – 0.7
3 

<0.001 

Linear Time 0.02 -
0.11 – 0.15 

0.740 0.99 0.73 – 1.26 <0.001 -0.14 -
0.34 – 0.0

7 

0.193 0.05 -
0.08 – 0.1

8 

0.446 

Quadratic 
Time 

0.18 0.05 – 0.31 0.008 -0.07 -
0.34 – 0.19 

0.593 -0.19 -
0.40 – 0.0

1 

0.058 0.16 0.03 – 0.2
9 

0.017 

STAI 0.15 0.05 – 0.26 0.004 0.55 0.33 – 0.78 <0.001 0.40 0.21 – 0.5
9 

<0.001    

Marital 
Status - 
Two 
Parents at 
home 

-0.24 -
0.62 – 0.15 

0.230 -0.78 -
1.67 – 0.12 

0.088 -1.29 -2.16 – -
0.42 

0.004    

Marital 
Status - 
Other 

-0.07 -
0.57 – 0.44 

0.798 -0.58 -
1.74 – 0.58 

0.327 -1.40 -2.53 – -
0.26 

0.016    

RULES x 
Linear Time 

-0.22 -0.36 – -
0.09 

0.001 -0.31 -0.58 – -
0.04 

0.024 -0.19 -
0.39 – 0.0

2 

0.076 -0.24 -0.37 – -
0.11 

<0.001 
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RULES x 
Quadratic 
Time 

0.10 -
0.03 – 0.23 

0.148 -0.09 -
0.36 – 0.18 

0.520 -0.14 -
0.34 – 0.0

7 

0.190 0.11 -
0.02 – 0.2

4 

0.109 

Random Effects 

σ2 0.69 2.83 1.62 0.70 

τ00 0.34 child_ID 2.14 child_ID 2.42 child_ID 0.35 child_ID 

ICC 0.33 0.43 0.60 0.33 

N 179 child_ID 179 child_ID 179 child_ID 179 child_ID 

Observation
s 

487 487 486 487 

Marginal 
R2 / 
Conditional 
R2 

0.301 / 0.532 0.381 / 0.648 0.177 / 0.670 0.282 / 0.519 

 

Note: RULES scores and parent anxiety are centred 
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6.2 Appendix 1b) Supplementary Materials for Study 2 

Participants 

Table S1. Demographic characteristics of full sample 

Characteristic N (%) 

Child gender 

Male 

Female 

Describe their gender differently  

Prefer not to say  

 

68 (51%) 

64 (48%) 

1 (1%) 

0 

Child age 

8 

9 

10 

11 

12 

 

47 (35%) 

31 (23%) 

29 (22%) 

19 (14%) 

7 (5%) 

Child ethnicity 

White British  

White Irish  

White European  

White Other  

Asian or Asian British (Indian origin)  

Asian or Asian British (Pakistani origin)  

Asian or Asian British (Bangladeshi origin)  

Asian or Asian British (Chinese origin)  

Asian or Asian British (Other Asian origin)  

Black or Black British  

Mixed Race  

Prefer not to say  

Other 

 

102 (77%) 

0 

6 (5%) 

3 (2%) 

8 (6%) 

1 (1%) 

1 (1%) 

0 

1 (1%) 

2 (2%) 

8 (6%) 

0 

1 (1%) 

Number of children in household 

1 

2 

3 

4 

 

23 (17%) 

75 (56%) 

30 (23%) 

5 (4%) 

Child’s birth order 

First born  

Second born  

Third born  

Other 

 

78 (59%) 

38 (29%) 

11 (8%) 

6 (5%) 

Child’s handedness 

Left-handed  

Right-handed  

 

13 (10%) 

120 (90%) 

Is the child colourblind  
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Yes 

No 

1 (1%) 

132 (99%) 

Respondent’s relationship to child 

Mother  

Father  

Grandmother  

Grandfather  

Other 

 

126 (95%) 

7 (5%) 

0 

0 

0 

Child’s Primary Caregiver? 

Yes  

No  

Shared  

 

96 (72%) 

1 (1%) 

36 (27%) 

Parent age 

<30 

30-40 

41-50 

50+ 

 

0 

52 (39%) 

73 (55%) 

7(1%) 

Parent marital status 

Single  

Married  

Separated  

Divorced  

Prefer not to say  

Other  

 

8 (6%) 

108 (81%) 

1 (1%) 

7 (5%) 

0 

9 (7%) 

Parent employment status 

Employed full-time  

Employed part-time  

Full-time home-maker  

Unemployed  

Other 

 

49 (37%) 

51 (38%) 

15 (11%) 

3 (2%) 

15 (11%) 

Parent level of education 

Primary School  

GCSEs  

A’ Levels  

College Course Certificate  

Bachelors Degree  

Masters Degree  

Postgraduate Degree  

Prefer not to say  

 

0 

3 (2%) 

3 (2%) 

10 (8%) 

49 (37%) 

34 (26%) 

33 (25%) 

1 (1%) 

  

Exclusions 

24 parents completed the questionnaires but did not meet the inclusion criteria: nine 

lived outside of the UK, two did not have a webcam, one child was too old, four children did 

not have normal or corrected hearing or vision and eight were siblings of children who had 
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already taken part. 12 additional responses were flagged as suspicious: 11 had an address 

error (i.e. address, city, county, post code not matching) and one had an error with the child’s 

name (note that addresses were taken as part of the safeguarding procedure for the study). 

Neutral and aversive sounds 

Sounds for the game were selected from the International Affective Digitized Sounds-2 

(IADS-2) database (Bradley & Lang, 2007). Neutral sounds were shortlisted if they had a 

medium affective valence rating (quite pleasant) and a medium arousal rating (between calm 

and excited) and were aversive sounds were shortlisted if they had lower affective valence 

rating (less pleasant) and higher arousal rating (more excited). These shortlisted sounds were 

then played to four children within the target age range and they each voted for the four 

neutral sounds and four sounds they found most aversive. The aversive and neutral sounds 

with the most votes were chosen for the game.  The sounds used as examples in the task were 

the sound of a rattle (neutral) and an air raid siren (aversive); sounds 134 and 624 of the IADs-

2 respectively. In the game itself, the neutral sounds were night, country night, jet and rain; 

sounds 170, 171, 400 and 627 of the IADS-2 respectively. The aversive sounds used in the 

game were a rollercoaster, a jackhammer, a buzzer and a dentist drill; sounds 30, 380, 712 and 

719 of the IADS-2 respectively. The assignment of the sounds to each trial was randomized 

between participants so that the order and pairings of the sounds varied. 

Objective facial affect recording, coding and scoring 

The FACS Action Unit (AU)12 (lip corner puller) was coded for smiles and AU4 (brow 

lower) for frown (Ekman et al., 2002; Ekman & Friesen, 1978), in an attempt to mimic facial 

electromyography (fEMG) recordings for zygomatic major and corrugator supercilii 

respectively. ELAN software was used for coding of facial expressions in the anticipation 

period of the videos. Because we were unable to code some portions of the anticipation 

period due to children covering their face or not facing the camera, time spent smiling and 
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frowning during the anticipation period was converted into two proportion variables and a 

difference score was calculated to create an objective facial affect score ranging from -1 to 1, 

where -1 represents the entire codable time spent frowning, and 1 represents the entire 

codable time spent smiling (M = .09, SD = .27, range = -1-1). The coders were blind to 

uncertainty condition. Composite scores were calculated by summing subjective and objective 

facial affect scores (M = .32, SD = .79, range = -1.96-2). 
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Supplementary results 

Manipulation checks 

Table S2. LMM testing effect of trial uncertainty on self-reported uncertainty ratings and repeated 
using binarised ratings (logistic regression). 

Fixed Effects   

 

Uncertainty rating  

 

Uncertainty rating 

(Binarised rating) 

Predictors b CI p Odds Ratio CI p 

(Intercept) 0.89 0.83 – 0.94 <.001 0.97 0.70 – 1.34 .844 

Trial uncertainty 0.04 0.01 – 0.07 .010 1.22 0.99 – 1.49 .057 

Random Effects 

     
σ2 0.13 3.29 

τ00 0.08 id 2.19 id 

ICC 0.38 0.4 

N 133 id 133 id 

Observations 532 532 

Marginal R2 / Conditional R2 0.008 / 0.385 0.007 / 0.404 

Note. Trial uncertainty is effect coded. Effects significant at the p <  .05 level are displayed in bold 
text, trends at p < .01 are displayed in italics. 
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Figure S1: Distribution of children’s self-reported emotion valence scores (1 being very unhappy and 

5 being very happy) for negative and neutral sounds

Main analyses: Robustness checks  

In our preregistered data analysis plan, we proposed to conduct separate models for IU and 

Curiosity before combining them in a combined model. There was negligible difference between the 

model estimates, so only the combined models were presented in the manuscript. Tables of 

separate and combined model parameters for each dependent variable are presented below (see 

Tables S3-S6). For models of self-reported emotion valence and self-reported worry, logistic 

regression models were run with binarised rating scores to test the robustness of the results given 

the skewed ratings. These are presented alongside the above models for comparison. As an 

additional robustness check, we present models for the three measures of facial affect for 

comparison (see Table S7). 

Table S3. LMMs for button pressing including IU and Curiosity separately and combined 

  Button presses (I/D-YC only) Button presses (RULES only) Button presses (Combined) 
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Predictors b CI p b CI p b CI p 

(Intercept) 18.53 18.01 – 19.05 <0.001 18.53 18.02 – 19.05 <0.001 18.53 18.01 – 19.05 <0.001 

Trial uncertainty 0.25 0.01 – 0.49 0.039 0.25 0.01 – 0.49 0.039 0.25 0.01 – 0.49 0.039 

Curiosity (I/D-YC score) 0.13 -0.39 – 0.65 0.625 
   

0.10 -0.43 – 0.62 0.716 

Trial uncertainty * 

Curiosity 

-0.08 -0.32 – 0.16 0.503 
   

-0.07 -0.31 – 0.17 0.554 

IU (RULES score) 
   

-0.31 -0.83 – 0.21 0.246 -0.30 -0.82 – 0.23 0.268 

Trial uncertainty * IU 
   

0.09 -0.15 – 0.33 0.464 0.08 -0.16 – 0.32 0.509 

Random Effects 

σ2 7.88 7.88 7.89 

τ00 7.34 id 7.26 id 7.32 id 

ICC 0.48 0.48 0.48 

N 133 id 133 id 133 id 

Observations 532 532 532 

Marginal R2 / Conditional 

R2 

0.006 / 0.485 0.011 / 0.485 0.012 / 0.487 

Note. Trial uncertainty is effect coded, RULES total and I/D-YC total are z-scored, Button presses and 
RULES total are Winsorised. Effects significant at the p <  .05 level are displayed in bold text, trends 
at p < .01 are displayed in italics. 
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Table S4. LMMs for facial affect including IU and Curiosity separately and combined 

  Facial affect (I/D-YC only) Facial affect (RULES only) Facial affect (Combined) 

Predictors b CI p b CI p b CI p 

(Intercept) 0.01 -0.12 – 0.14 0.877 0.01 -0.12 – 0.14 0.877 0.01 -0.12 – 0.14 0.872 

Trial uncertainty -0.06 -0.13 – 0.00 0.065 -0.07 -0.13 – 0.00 0.064 -0.06 -0.13 – 0.00 0.066 

Curiosity (I/D-YC score) 0.06 -0.07 – 0.19 0.341 
   

0.06 -0.07 – 0.19 0.385 

Trial uncertainty * 

Curiosity 

0.05 -0.02 – 0.12 0.148 
   

0.05 -0.02 – 0.12 0.169 

IU (RULES score) 
   

-0.06 -0.19 – 0.07 0.356 -0.05 -0.18 – 0.07 0.404 

Trial uncertainty * IU 
   

-0.03 -0.10 – 0.04 0.422 -0.02 -0.09 – 0.04 0.501 

Random Effects 

σ2 0.62 0.62 0.62 

τ00 0.39 id 0.38 id 0.39 id 

ICC 0.38 0.38 0.39 

N 127 id 127 id 127 id 

Observations 503 503 503 

Marginal R2 / Conditional R2 0.011 / 0.392 0.009 / 0.389 0.014 / 0.394 

Note. Trial uncertainty is effect coded, RULES total and I/D-YC total are z-scored, RULES total is 
Winsorised. Effects significant at the p <  .05 level are displayed in bold text, trends at p < .01 are 
displayed in italics.  
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Table S5. LMMs for self-reported emotion valence including IU and Curiosity separately and combined and with binarised rating scores 

  Emotion valence (I/D-YC only) Emotion valence (RULES only) Emotion valence (Combined) Emotion valence (Combined and binarised rating) 

Predictors b CI p b CI p b CI p b CI p 

(Intercept) 4.21 4.09 – 4.33 <0.001 4.21 4.08 – 4.33 <0.001 4.21 4.09 – 4.33 <0.001 1.03 0.70 – 1.51 0.883 

Trial uncertainty -0.06 -0.13 – 0.00 0.055 -0.06 -0.13 – 0.00 0.055 -0.06 -0.13 – 0.00 0.055 0.84 0.67 – 1.05 0.119 

Curiosity (I/D-YC score) 0.21 0.08 – 0.33 0.001 
   

0.20 0.07 – 0.32 0.002 1.78 1.20 – 2.66 0.004 

Trial uncertainty * 

Curiosity 

-0.03 -0.09 – 0.03 0.373 
   

-0.03 -0.09 – 0.04 0.385 0.93 0.74 – 1.17 0.530 

IU (RULES score) 
   

-0.09 -0.22 – 0.03 0.155 -0.07 -0.19 – 0.05 0.266 0.91 0.62 – 1.34 0.632 

Trial uncertainty * IU 
   

0.01 -0.06 – 0.07 0.818 0.00 -0.06 – 0.07 0.895 0.93 0.75 – 1.16 0.533 

Random Effects 

σ2 0.55 0.55 0.55 3.29 

τ00 0.37 id 0.41 id 0.37 id 3.18 id 

ICC 0.40 0.42 0.40 0.49 

N 133 id 133 id 133 id 133 id 
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Observations 532 532 532 532 

Marginal R2 / Conditional R2 0.048 / 0.430 0.013 / 0.430 0.053 / 0.432 0.057 / 0.521 

Note. Trial uncertainty is effect coded, RULES total and I/D-YC total are z-scored, RULES total is Winsorised. Effects significant at the p <  .05 level are 
displayed in bold text, trends at p < .01 are displayed in italics. 
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Table S6. LMMs for self-reported worry including IU and Curiosity separately and combined and with binarised rating scores 

  Worry (I/D-YC only) Worry (RULES only) Worry (Combined) Worry (Combined and binarised rating) 

Predictors b CI p b CI p b CI p Odds Ratio CI p 

(Intercept) 0.30 0.24 – 0.35 <0.001 0.30 0.24 – 0.35 <0.001 1.41 1.32 – 1.50 <0.001 0.23 0.14 – 0.38 <0.001 

Trial uncertainty 0.02 -0.01 – 0.05 0.150 0.02 -0.01 – 0.05 0.152 0.04 -0.01 – 0.08 0.145 1.18 0.93 – 1.50 0.163 

Curiosity (I/D-YC score) -0.02 -0.07 – 0.04 0.562 
   

-0.05 -0.14 – 0.04 0.269 0.92 0.59 – 1.41 0.693 

Trial uncertainty * 

Curiosity 

-0.03 -0.06 – 0.00 0.079 
   

-0.03 -0.08 – 0.02 0.262 0.80 0.63 – 1.03 0.086 

IU (RULES score) 
   

0.03 -0.03 – 0.08 0.389 0.06 -0.03 – 0.15 0.176 1.21 0.79 – 1.85 0.378 

Trial uncertainty * IU 
   

0.01 -0.02 – 0.04 0.522 -0.00 -0.05 – 0.05 0.953 1.05 0.83 – 1.32 0.699 

Random Effects 

σ2 0.13 0.13 0.32 3.29 

τ00 0.08 id 0.08 id 0.19 id 3.70 id 

ICC 0.38 0.37 0.38 0.53 

N 133 id 133 id 133 id 133 id 
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Observations 532 532 532 532 

Marginal R2 / Conditional R2 0.007 / 0.381 0.006 / 0.377 0.017 / 0.387 0.018 / 0.538 

Note. Trial uncertainty is effect coded, RULES total and I/D-YC total are z-scored, RULES total is Winsorised. Effects significant at the p <  .05 level are 
displayed in bold text, trends at p < .01 are displayed in italics. 
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Table S7. LMMs for facial affect for comparison of subjective facial affect scores, objective facial 
affect scores, and composite facial affect scores 

  Subjective facial affect Objective facial affect Composite facial affect 

Predictors b CI p b CI p b CI p 

(Intercept) 0.35 0.23 – 0.47 <0.001 0.33 0.22 – 0.44 <0.001 0.01 -0.12 – 0.14 0.872 

Trial uncertainty -0.06 -0.12 – 0.00 0.062 -0.04 -0.11 – 0.03 0.264 -0.06 -0.13 – 0.00 0.066 

IU (RULES score) -0.05 -0.17 – 0.07 0.406 -0.02 -0.13 – 0.09 0.695 -0.05 -0.18 – 0.07 0.404 

Curiosity (I/D-YC score) 0.08 -0.04 – 0.20 0.211 0.04 -0.07 – 0.15 0.483 0.06 -0.07 – 0.19 0.385 

Trial uncertainty * IU -0.02 -0.09 – 0.04 0.435 0.03 -0.04 – 0.10 0.434 -0.02 -0.09 – 0.04 0.501 

Trial uncertainty * 

Curiosity 

0.03 -0.04 – 0.09 0.403 0.04 -0.03 – 0.11 0.279 0.05 -0.02 – 0.12 0.169 

Random Effects 

σ2 0.50 0.66 0.62 

τ00 0.37 id 0.24 id 0.39 id 

ICC 0.42 0.27 0.39 

N 127 id 127 id 127 id 

Observations 503 503 503 

Marginal R2 / Conditional R2 0.017 / 0.434 0.007 / 0.275 0.014 / 0.394 

Note. Trial uncertainty is effect coded, RULES total and I/D-YC total are z-scored, RULES total is 
Winsorised. Effects significant at the p <  .05 level are displayed in bold text, trends at p < .01 are 
displayed in italics. 
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Exploratory analyses: Differential effects of Interest-type and Deprivation-type curiosity 

Table S8. Models examining dependent variables with Interest (IYC) and Deprivation (DYC) subscales of the I/D-YC separately for button presses and facial 
affect 

  Button Presses (IYC) Button Presses (DYC) Facial Affect (IYC) Facial Affect (DYC) 

Predictors b CI p b CI p b CI p b CI p 

(Intercept) 18.53 18.02 – 19.05 <0.001 18.53 18.01 – 19.05 <0.001 0.01 -0.12 – 0.14 0.871 0.01 -0.12 – 0.14 0.878 

Trial uncertainty 0.25 0.01 – 0.49 0.039 0.25 0.01 – 0.49 0.039 -0.07 -0.13 – 0.00 0.064 -0.06 -0.13 – 0.00 0.067 

IU (RULES score) -0.27 -0.80 – 0.25 0.308 -0.31 -0.83 – 0.21 0.247 -0.05 -0.17 – 0.08 0.489 -0.06 -0.19 – 0.07 0.359 

I-type Curiosity 

(Interest subscale score) 

0.20 -0.33 – 0.73 0.463 
   

0.09 -0.04 – 0.22 0.161 
   

Trial uncertainty * IU 0.09 -0.16 – 0.33 0.493 0.09 -0.15 – 0.33 0.479 -0.02 -0.09 – 0.05 0.495 -0.03 -0.10 – 0.04 0.429 

Trial uncertainty *  

I-type Curiosity 

-0.03 -0.27 – 0.22 0.835 
   

0.02 -0.04 – 0.09 0.487 
   

D-type Curiosity 

(Deprivation subscale score) 

   
-0.02 -0.54 – 0.50 0.946 

   
0.01 -0.12 – 0.14 0.876 
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Trial uncertainty * 

D-type Curiosity 

   
-0.10 -0.34 – 0.14 0.435 

   
0.06 -0.01 – 0.12 0.106 

Random Effects 

σ2 7.90 7.88 0.62 0.61 

τ00 7.29 id 7.33 id 0.38 id 0.39 id 

ICC 0.48 0.48 0.38 0.39 

N 133 id 133 id 127 id 127 id 

Observations 532 532 503 503 

Marginal R2 / Conditional R2 0.013 / 0.487 0.011 / 0.488 0.017 / 0.391 0.012 / 0.395 

Note. Trial uncertainty is effect coded, RULES total and I/D-YC subscale scores are z-scored, Button presses RULES total are Winsorised. Effects significant at 
the p <  .05 level are displayed in bold text, trends at p < .01 are displayed in italics. 
 
Table S9. Models examining dependent variables with Interest (IYC) and Deprivation (DYC) subscales of the I/D-YC separately for self-reported emotion 
valence and worry 

  Emotion valence (IYC) Emotion valence (DYC) Worry (IYC) Worry (DYC) 

Predictors b CI p b CI p b CI p b CI p 

(Intercept) 4.21 4.09 – 4.33 <0.001 4.21 4.09 – 4.33 <0.001 1.41 1.32 – 1.50 <0.001 1.41 1.32 – 1.50 <0.001 

Trial uncertainty -0.06 -0.13 – 0.00 0.055 -0.06 -0.13 – 0.00 0.055 0.04 -0.01 – 0.08 0.145 0.04 -0.01 – 0.08 0.145 
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IU (RULES score) -0.06 -0.19 – 0.06 0.327 -0.09 -0.21 – 0.04 0.169 0.06 -0.03 – 0.15 0.169 0.07 -0.02 – 0.15 0.148 

I-type Curiosity 

(Interest subscale score) 

0.18 0.05 – 0.30 0.006 
   

-0.02 -0.11 – 0.07 0.627 
   

Trial uncertainty * IU 0.00 -0.06 – 0.07 0.925 0.01 -0.06 – 0.07 0.834 -0.00 -0.05 – 0.05 0.933 0.00 -0.05 – 0.05 0.972 

Trial uncertainty * 

I-type Curiosity 

-0.03 -0.09 – 0.04 0.424 
   

-0.02 -0.07 – 0.03 0.370 
   

D-type Curiosity 

(Deprivation subscale score) 

   
0.17 0.04 – 0.29 0.009 

   
-0.06 -0.15 – 0.03 0.171 

Trial uncertainty * 

D-type Curiosity 

   
-0.02 -0.09 – 0.04 0.485 

   
-0.03 -0.07 – 0.02 0.305 

Random Effects 

σ2 0.56 0.56 0.32 0.32 

τ00 0.38 id 0.38 id 0.19 id 0.19 id 

ICC 0.41 0.41 0.38 0.37 

N 133 id 133 id 133 id 133 id 

Observations 532 532 532 532 
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Marginal R2 / Conditional R2 0.044 / 0.432 0.041 / 0.432 0.013 / 0.387 0.020 / 0.387 

 

Note. Trial uncertainty is effect coded, RULES total and I/D-YC subscale scores are z-scored, RULES total is Winsorised. Effects significant at the p <  .05 level 
are displayed in bold text, trends at p < .01 are displayed in italics. 
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Exploratory analyses including age as an interactive predictor 

Table 10. Exploratory LMMs including age as an additional interactive predictor 

  Button presses Facial Affect Emotion valence Worry 

Predictors b CI p b CI p b CI p b CI p 

(Intercept) 18.55 18.03 – 19.08 <0.001 0.01 -0.10 – 0.13 0.820 4.21 4.09 – 4.34 <0.001 1.41 1.32 – 1.50 <0.001 

Age 0.10 -0.31 – 0.51 0.629 -0.06 -0.15 – 0.03 0.193 0.04 -0.06 – 0.13 0.468 -0.08 -0.15 – -0.01 0.020 

Trial uncertainty 0.24 0.00 – 0.48 0.049 -0.05 -0.11 – 0.01 0.081 -0.06 -0.12 – 0.00 0.070 0.03 -0.02 – 0.08 0.178 

IU (RULES score) -0.28 -0.82 – 0.25 0.296 -0.04 -0.16 – 0.07 0.437 -0.06 -0.19 – 0.06 0.322 0.07 -0.02 – 0.16 0.121 

Curiosity (I/D-YC score) 0.07 -0.47 – 0.61 0.811 0.04 -0.07 – 0.16 0.475 0.19 0.07 – 0.32 0.003 -0.06 -0.15 – 0.03 0.157 

Trial uncertainty * IU 0.07 -0.17 – 0.32 0.562 -0.02 -0.08 – 0.04 0.584 0.01 -0.06 – 0.07 0.867 -0.00 -0.05 – 0.05 0.926 

Trial uncertainty * Curiosity -0.05 -0.30 – 0.20 0.702 0.04 -0.02 – 0.10 0.168 -0.04 -0.11 – 0.02 0.187 -0.02 -0.07 – 0.03 0.517 

Age * Trial uncertainty 0.05 -0.14 – 0.23 0.628 0.00 -0.04 – 0.05 0.850 -0.03 -0.08 – 0.02 0.230 0.02 -0.02 – 0.05 0.415 

Age * IU (RULES score) -0.11 -0.52 – 0.29 0.584 0.02 -0.06 – 0.11 0.588 0.02 -0.08 – 0.11 0.740 0.03 -0.04 – 0.10 0.390 

Age * Curiosity (I/D-YC score) 0.12 -0.30 – 0.54 0.565 0.02 -0.07 – 0.11 0.687 0.05 -0.05 – 0.15 0.321 0.04 -0.03 – 0.11 0.220 

Age * Trial uncertainty * IU 0.03 -0.15 – 0.22 0.730 0.03 -0.02 – 0.07 0.219 -0.05 -0.10 – -0.01 0.030 0.04 0.01 – 0.08 0.021 

Age * Trial uncertainty * Curiosity -0.07 -0.26 – 0.13 0.508 0.02 -0.03 – 0.07 0.391 0.01 -0.04 – 0.06 0.624 -0.01 -0.05 – 0.03 0.587 

Random Effects 

σ2 7.93 0.47 0.55 0.32 

τ00 7.45 id 0.29 id 0.38 id 0.18 id 

ICC 0.48 0.39 0.41 0.37 

N 133 id 127 id 133 id 133 id 

Observations 532 503 532 532 

Marginal R2 / Conditional R2 0.017 / 0.493 0.026 / 0.401 0.064 / 0.446 0.055 / 0.402 
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Note. Trial uncertainty is effect coded, RULES total and I/D-YC subscale scores are z-scored, Button presses RULES total are Winsorised. Effects significant at 
the p <  .05 level are displayed in bold text, trends at p < .01 are displayed in italics.
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Exploratory analysis: The influence of uncertainty, IU, and curiosity on type of button pressed  

Table S11. Exploratory LMM with proportion minority buttons pressed as the dependent variable 

  Proportion minority buttons pressed 

Predictors b CI p 

(Intercept) 0.26 0.25 – 0.28 <0.001 

Trial uncertainty 0.04 0.03 – 0.06 <0.001 

IU (RULES score) 0.01 -0.01 – 0.02 0.492 

Curiosity (I/D-YC score) 0.00 -0.01 – 0.02 0.657 

Trial uncertainty * IU 0.02 0.00 – 0.03 0.032 

Trial uncertainty * 

Curiosity 

-0.00 -0.02 – 0.01 0.571 

Random Effects 

σ2 0.03 

τ00 id 0.00 

ICC 0.10 

N id 133 

Observations 531 

Marginal R2 / Conditional R2 0.068 / 0.166 
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6.3 Appendix 1c) Supplementary Materials for Study 3 

Participants 

Table S1. Demographic characteristics of full sample  

Characteristic  N (%)  

Gender  
Male  

Female  
Other 

Withheld   

 
16 (12%)  

113 (85%)  
3(2%)  
1 (1%)  

Age  
<20 

20-30  
31-40  
41-50  
50+  

  
96 (72%) 
30 (23%)  

6 (5%)  
1 (1%)  

0  

Child ethnicity  
White British   
White Irish   

White European   
White Other   

Asian or Asian British (Indian origin)   
Asian or Asian British (Pakistani origin)   

Asian or Asian British (Bangladeshi origin)   
Asian or Asian British (Chinese origin)   

Asian or Asian British (Other Asian origin)   
Black or Black British   

Mixed Race   
Prefer not to say   

Other  

  
75 (56%)  

1 (1%) 
8 (6%)  
6 (5%)  
6 (5%)  
4 (3%)  
1 (1%)  
8 (6%)  
5 (4%)  
3 (2%)  

11 (8%)  
1 (1%)  
4 (3%)  

Colourblind? 
Yes  
No  
N/A 

 
0   

132 (99%) 
1 (1%) 

Problems with hearing/vision 
Yes 
No 

N/A  

 
0 (%)  

131 (98%)  
2 (2%)  

Neurodivergent?  
Yes   
No  

ADHD & Dyslexia 
ADHD, Dyspraxia, depression  

ADHD 
Anxiety 

Anxiety and PTSD 

 
30 (23%)  

103 (77%)  
1(1%) 
1 (1%) 
1 (1%) 
7 (5%) 
1 (1%) 
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Anxiety and depression 
Autistic 

Depression 
Depression, anxiety, suspected neurodiversity 

Dyslexia 
Dyslexia and ADHD 

Dyslexia and dyspraxia 
PTSD 

4 (3%) 
1 (1%) 
6 (5%) 
1 (1%) 
4 3(%) 
1 (1%) 
1 (1%) 
1 (1%)  

 

Exclusions 

In addition to the 133 participants who completed the questionnaires and game, 28 

participants cancelled their participation via the online student participant panel platform. Of these, 

some only looked at the information sheet but did not consent (n = 6), some provided consent then 

did not carry on with the questionnaires or game (n = 9), some part completed the questionnaires 

but did not move on to the game (n = 2), some completed the questionnaires but did not play the 

game (n = 3), some completed consent and questionnaires but only part completed the game (n = 7) 

and one participant completed the game but asked to be withdrawn. 

Neutral and aversive sounds 

Sounds for the game were selected from the International Affective Digitized Sounds-2 

(IADS-2) database (Bradley & Lang, 2007). Neutral sounds were shortlisted if they had a medium 

affective valence rating (quite pleasant) and a medium arousal rating (between calm and excited) 

and aversive sounds were shortlisted if they had lower affective valence rating (less pleasant) and 

higher arousal rating (more excited). These shortlisted sounds were then played to four children 

within the target age range for the original study by Ryan et al. (2023) and they each voted for the 

four neutral sounds and four sounds they found most aversive. The aversive and neutral sounds with 

the most votes were chosen for the game.  The sounds used as examples in the task were the sound 

of a rattle (neutral) and an air raid siren (aversive); sounds 134 and 624 of the IADs-2 respectively. In 

the game itself, the neutral sounds were night, country night, jet and rain; sounds 170, 171, 400 and 

627 of the IADS-2 respectively. The aversive sounds used in the game were a rollercoaster, a 
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jackhammer, a buzzer and a dentist drill; sounds 30, 380, 712 and 719 of the IADS-2 respectively. The 

assignment of the sounds to each trial was randomized between participants so that the order and 

pairings of the sounds varied. 

Supplementary results 

Manipulation checks 

Table S12. LMM testing effect of trial uncertainty on self-reported uncertainty ratings and repeated 

using binarised ratings (logistic regression). 

  Uncertainty rating 

Predictors Estimates CI p 

(Intercept) 0.92 0.87 – 0.96 <0.001 

trial uncertainty ec 0.14 0.11 – 0.17 <0.001 

Random Effects 

σ2 0.07 

τ00 id 0.06 

τ11 id.trial_uncertainty_ec 0.02 

ρ01 id 0.33 

ICC 0.54 

N id 134 

Observations 540 

Marginal R2 / Conditional R2 0.114 / 0.595 

 

Note. Trial uncertainty is effect coded. Effects significant at the p <  .05 level are displayed in bold 

text, trends at p < .01 are displayed in italics. 
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Figure S1: Distribution of participant’s self-reported emotion valence scores (1 being very unhappy 

and 5 being very happy) for negative and neutral sounds 

Main analyses: Robustness checks  

In our preregistered data analysis plan, we proposed to conduct separate models for IU and 

Curiosity before combining them in a combined model. There was negligible difference between the 

model estimates, so only the combined models were presented in the manuscript. Tables of 

separate and combined model parameters for each dependent variable are presented below (see 

Tables S3-S6). For models of self-reported worry, a logistic regression models was run with binarized 

rating scores to test the robustness of the results given the skewed ratings. These are presented 

alongside the above models for comparison. 
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Table S13. LMMs for button pressing including IU and Curiosity separately and combined 

 

  Button presses (IDEC only) Button presses (IUS only) Button presses (Combined) 

Predictors b CI p b CI p b CI p 

(Intercept) 0.93 0.88 – 0.98 <0.001 0.93 0.88 – 0.98 <0.001 0.93 0.88 – 0.98 <0.001 

Trial uncertainty 0.01 -0.01 – 0.03 0.252 0.01 -0.01 – 0.03 0.250 0.01 -0.01 – 0.03 0.250 

Curiosity (IDEC score) 0.06 0.01 – 0.11 0.015 
   

0.07 0.02 – 0.12 0.011 

Trial uncertainty * 
Curiosity 

0.00 -0.02 – 0.03 0.737 
   

0.00 -0.02 – 0.03 0.667 

IU (IUS score) 
   

-0.02 -0.08 – 0.03 0.362 -0.03 -0.08 – 0.02 0.229 

Trial uncertainty * IU 
   

-0.01 -0.03 – 0.01 0.378 -0.01 -0.03 – 0.01 0.358 

Random Effects 

σ2 0.05 0.05 0.05 

τ00 0.07 id 0.08 id 0.07 id 

τ11 0.00 id.trial_uncertainty_ec 0.00 id.trial_uncertainty_ec 0.00 id.trial_uncertainty_ec 

ρ01 -0.03 id -0.03 id -0.05 id 

ICC 0.58 0.59 0.58 

N 133 id 133 id 133 id 

Observations 536 536 536 

Marginal R2 / Conditional R2 0.030 / 0.597 0.006 / 0.597 0.038 / 0.599 
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Note. Trial uncertainty is effect coded, IUS total and IDEC total are z-scored. Effects significant at the p <  .05 level are displayed in bold text, trends at p < 

.01 are displayed in italics. 

 
Table S4. LMMs for self-reported emotion valence including IU and Curiosity separately and combined 

 

  Emotion valence (IDEC only) Emotion valence (IUS only) Emotion valence (Combined) 

Predictors b CI p b CI p b CI p 

(Intercept) 3.60 3.46 – 3.74 <0.001 3.60 3.46 – 3.73 <0.001 3.60 3.46 – 3.73 <0.001 

Trial uncertainty -0.34 -0.43 – -0.24 <0.001 -0.34 -0.43 – -0.24 <0.001 -0.34 -0.43 – -0.24 <0.001 

Curiosity (IDEC score) 0.05 -0.09 – 0.19 0.490 
   

0.07 -0.07 – 0.21 0.336 

Trial uncertainty * 
Curiosity 

-0.04 -0.14 – 0.06 0.408 
   

-0.02 -0.12 – 0.07 0.601 

IU (IUS score) 
   

-0.16 -0.30 – -0.03 0.020 -0.17 -0.31 – -0.03 0.016 

Trial uncertainty * IU 
   

-0.15 -0.24 – -0.05 0.002 -0.14 -0.24 – -0.05 0.003 

Random Effects 

σ2 0.58 0.58 0.58 

τ00 0.53 id 0.51 id 0.51 id 

τ11 0.17 id.trial_uncertainty_ec 0.15 id.trial_uncertainty_ec 0.15 id.trial_uncertainty_ec 

ρ01 0.29 id 0.22 id 0.23 id 

ICC 0.55 0.53 0.53 
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N 133 id 133 id 133 id 

Observations 536 536 536 

Marginal R2 / Conditional R2 0.084 / 0.583 0.116 / 0.584 0.119 / 0.586 

Note. Trial uncertainty is effect coded, IUS total and IDEC total are z-scored. Effects significant at the p <  .05 level are displayed in bold text, trends at p < 

.01 are displayed in italics. 

 

Table S5. LMMs for self-reported worry including IU and Curiosity separately and combined and GLM with binarized rating scores 

  Worry (IDEC only) Worry (IUS only) Worry (Combined) Worry (Combined and binarised rating) 

Predictors b CI p b CI p b CI p Odds Ratio CI p 

(Intercept) 1.50 1.42 – 1.58 <0.001 1.50 1.42 – 1.58 <0.001 1.50 1.42 – 1.58 <0.001 0.47 0.31 – 0.71 <0.001 

Trial uncertainty 0.18 0.13 – 0.23 <0.001 0.18 0.13 – 0.23 <0.001 0.18 0.13 – 0.23 <0.001 2.33 1.80 – 3.02 <0.001 

Curiosity (IDEC score) 0.05 -0.03 – 0.13 0.217 
   

0.04 -0.04 – 0.12 0.336 1.00 0.67 – 1.50 0.981 

Trial uncertainty * 
Curiosity 

0.05 -0.00 – 0.10 0.067 
   

0.04 -0.01 – 0.09 0.113 1.34 1.05 – 1.72 0.020 

IU (IUS score) 
   

0.12 0.03 – 0.20 0.005 0.11 0.03 – 0.19 0.007 1.66 1.10 – 2.51 0.016 

Trial uncertainty * IU 
   

0.07 0.02 – 0.12 0.006 0.07 0.02 – 0.12 0.010 1.33 1.04 – 1.70 0.025 

Random Effects 

σ2 0.25 0.25 0.25 3.29 

τ00 0.17 id 0.16 id 0.16 id 3.37 id 

τ11 0.03 id.trial_uncertainty_ec 0.02 id.trial_uncertainty_ec 0.02 id.trial_uncertainty_ec   
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ρ01 0.90 id 0.89 id 0.88 id   

ICC 0.44 0.42 0.42 0.51 

N 133 id 133 id 133 id 133 id 

Observations 536 536 536 536 

Marginal R2 / Conditional R2 0.079 / 0.485 0.107 / 0.485 0.112 / 0.487 0.148 / 0.579 

 

Note. Trial uncertainty is effect coded, IUS total and IDEC total are z-scored. Effects significant at the p <  .05 level are displayed in bold text, trends at p < 

.01 are displayed in italics. 

 

 Exploratory analyses: Differential effects of Interest-type and Deprivation-type curiosity 

Table S6. Models examining dependent variables with Interest (I-EC) and Deprivation (D-EC) subscales of the ID-EC separately for button presses, self-

reported emotion valence and worry. 

  Button presses (IEC) Button presses (DEC) Emotion valence (IEC) Emotion valence (DEC) Worry (IEC) Worry (DEC) 

Predictors 
Estimate

s 
CI p 

Estimate
s 

CI p 
Estimate

s 
CI p 

Estimate
s 

CI p 
Estimate

s 
CI p 

Estimate
s 

CI p 

Intercept 0.93 0.88 – 0.
98 

<0.0
01 

0.93 0.88 – 0.
98 

<0.0
01 

3.60 3.46 – 3.
73 

<0.0
01 

3.60 3.46 – 3.
73 

<0.0
01 

1.50 1.42 – 1.
58 

<0.0
01 

1.50 1.42 – 1.
58 

<0.0
01 

Trial 
uncertain
ty 

0.01 -
0.01 – 0.

03 

0.24
9 

0.01 -
0.01 – 0.

03 

0.25
1 

-0.34 -0.43 – -
0.24 

<0.0
01 

-0.34 -0.43 – -
0.24 

<0.0
01 

0.18 0.13 – 0.
23 

<0.0
01 

0.18 0.14 – 0.
23 

<0.0
01 
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IUS total -0.02 -
0.07 – 0.

04 

0.52
3 

-0.04 -
0.09 – 0.

01 

0.12
6 

-0.14 -0.28 – -
0.01 

0.04
2 

-0.16 -0.31 – -
0.02 

0.02
6 

0.11 0.03 – 0.
19 

0.00
7 

0.10 0.01 – 0.
18 

0.02
4 

I-EC total 0.05 -
0.01 – 0.

10 

0.08
6 

   
0.13 -

0.01 – 0.
27 

0.06
2 

   
-0.02 -

0.10 – 0.
06 

0.66
1 

   

Trial 
uncertain
ty * IUS 
total 

-0.01 -
0.03 – 0.

01 

0.45
8 

-0.01 -
0.03 – 0.

01 

0.39
6 

-0.15 -0.24 – -
0.06 

0.00
2 

-0.14 -0.24 – -
0.04 

0.00
4 

0.08 0.02 – 0.
13 

0.00
4 

0.06 0.01 – 0.
11 

0.01
1 

Trial 
uncertain
ty * I-EC 
total 

0.01 -
0.01 – 0.

03 

0.42
2 

   
-0.02 -

0.11 – 0.
07 

0.67
2 

   
0.03 -

0.02 – 0.
08 

0.22
6 

   

D-EC total 
   

0.06 0.01 – 0.
12 

0.01
9 

   
-0.00 -

0.15 – 0.
14 

0.98
2 

   
0.07 -

0.01 – 0.
16 

0.08
0 

Trial 
uncertain
ty * D-EC 
total 

   
0.00 -

0.02 – 0.
02 

0.99
2 

   
-0.02 -

0.12 – 0.
07 

0.66
3 

   
0.04 -

0.01 – 0.
08 

0.13
4 

Random Effects 

σ2 0.05 0.05 0.58 0.58 0.25 0.28 

τ00 0.08 id 0.07 id 0.50 id 0.51 id 0.16 id 0.15 id 

τ11 0.00 id.trial_uncertainty_ec 0.00 id.trial_uncertainty_ec 0.15 id.trial_uncertainty_ec 0.15 id.trial_uncertainty_ec 0.02 id.trial_uncertainty_ec   

ρ01 -0.06 id -0.03 id 0.23 id 0.22 id 0.90 id   

ICC 0.59 0.59 0.53 0.53 0.42 0.35 

N 133 id 133 id 133 id 133 id 133 id 133 id 
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Observati
ons 

536 536 536 536 536 536 

Marginal 
R2 / 
Condition
al R2 

0.021 / 0.599 0.033 / 0.599 0.127 / 0.586 0.115 / 0.586 0.109 / 0.487 0.119 / 0.423 

 

Note. Trial uncertainty is effect coded, IUS total and IDEC subscale scores are z-scored. Effects significant at the p <  .05 level are displayed in bold text, 

trends at p < .01 are displayed in italics. 
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Exploratory analysis: The influence of uncertainty, IU, and curiosity on type of button 

pressed  

Table S7. Exploratory LMM with proportion minority buttons pressed as the dependent 
variable 

  Proportion minority buttons pressed 

Predictors b CI p 

(Intercept) 0.28 0.26 – 0.30 <0.001 

Trial uncertainty 0.00 -0.01 – 0.02 0.626 

IU (IUS score) 0.02 -0.00 – 0.03 0.068 

Curiosity (ID-EC score) -0.01 -0.03 – 0.01 0.221 

Trial uncertainty * IU 0.01 -0.00 – 0.03 0.119 

Trial uncertainty * 
Curiosity 

-0.02 -0.03 – -0.00 0.046 

Random Effects 

σ2 0.03 

τ00 id 0.00 

ICC 0.07 

N id 132 

Observations 525 

Marginal R2 / Conditional R2 0.021 / 0.087 
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6.4 Appendix 2a) Ethics approval for Study 1 

Longitudinal study Wave 2 Ethics approval email 
From: PCLS Ethics <pclsethics@reading.ac.uk>  
Sent: Tuesday, March 31, 2020 3:34 PM 
To: Helen Dodd <h.f.dodd@reading.ac.uk> 
Cc: Zoe Ryan <z.j.ryan@pgr.reading.ac.uk> 
Subject: RE: New ethics application 2019-080-HD 
Hi Helen 
I am pleased to inform you that changes to this project (2019-080-HD) have been reviewed by 
the School Research Ethics Committee and given a favourable ethical opinion for conduct. The 
project may proceed. 
Many thanks 
Liz 
Longitudinal study Wave 3 Ethics approval email 
From: PCLS Ethics <pclsethics@reading.ac.uk>  
Sent: Tuesday, November 29, 2022 3:54 PM 
To: PCLS Ethics <pclsethics@reading.ac.uk>; Rachel McCloy <r.a.mccloy@reading.ac.uk> 
Cc: Zoe Ryan <z.j.ryan@pgr.reading.ac.uk>; Dodd, Helen <h.dodd@exeter.ac.uk> 
Subject: RE: New ethics application - 2022-172-RM 
Hi Rachel 

I am pleased to inform you that this project (2022-172-RM) has been reviewed by the 

School Research Ethics Committee and has been given a favourable ethical opinion for 

conduct. The project may proceed.  

  

(If this project is going through SONA, please could you make all the necessary 

arrangements as early as possible)  
 
Many thanks 
Liz 
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6.5 Appendix 2b) Ethics approval for Study 2  

Uncertain World Child Ethics Approval 
From: PCLS Ethics <pclsethics@reading.ac.uk>  
Sent: 23 March 2021 08:07 
To: Zoe Ryan <z.j.ryan@pgr.reading.ac.uk> 
Cc: Helen Dodd <h.f.dodd@reading.ac.uk>; Lily Fitzgibbon <l.t.fitzgibbon@reading.ac.uk> 
Subject: RE: Uncertain World Project Ethics Application 2020-072-HD 
Hi Zoe 
I am pleased to inform you that changes to this project (2020-072-HD) have been reviewed by 
the School Research Ethics Committee and given a favourable ethical opinion for conduct. The 
project may proceed. 
Many thanks 
Liz 
From: PCLS Ethics <pclsethics@reading.ac.uk>  
Sent: 10 November 2020 15:06 
To: Zoe Ryan <z.j.ryan@pgr.reading.ac.uk> 
Cc: Helen Dodd <h.f.dodd@reading.ac.uk>; Lily Fitzgibbon <l.t.fitzgibbon@reading.ac.uk> 
Subject: RE: Uncertain World Project Ethics Application 2020-072-HD 
Hi Zoe 
I am pleased to inform you that changes to this project (2020-072-HD) have been reviewed by 
the School Research Ethics Committee and given a favourable ethical opinion for conduct. The 
project may proceed. 
The reviewer has added – as there have been a lot of revisions, it would make life easier if 
these were highlighted. 
Many thanks 
Liz 
From: PCLS Ethics <pclsethics@reading.ac.uk>  
Sent: 29 October 2020 15:32 
To: Zoe Ryan <z.j.ryan@pgr.reading.ac.uk> 
Cc: Helen Dodd <h.f.dodd@reading.ac.uk>; Lily Fitzgibbon <l.t.fitzgibbon@reading.ac.uk> 
Subject: RE: Uncertain World Project Ethics Application 2020-072-HD 
Hi Zoe 
I am pleased to inform you that changes to this project (2020-072-HD) have been reviewed by 
the School Research Ethics Committee and given a favourable ethical opinion for conduct. The 
project may proceed. 
Many thanks 
Liz 
From: PCLS Ethics [mailto:pclsethics@reading.ac.uk]  
Sent: 11 August 2020 09:26 
To: Zoe Ryan <z.j.ryan@pgr.reading.ac.uk> 
Cc: Helen Dodd <h.f.dodd@reading.ac.uk>; Lily Fitzgibbon <l.t.fitzgibbon@reading.ac.uk> 
Subject: RE: Uncertain World Project Ethics Application 2020-072-HD 
Hi Zoe 
I am pleased to inform you that changes to this project (2020-072-HD) have been reviewed by 
the School Research Ethics Committee and given a favourable ethical opinion for conduct. The 
project may proceed. 
Many thanks 
Liz 
From: PCLS Ethics <pclsethics@reading.ac.uk>  
Sent: 17 June 2020 15:20 

mailto:pclsethics@reading.ac.uk
mailto:z.j.ryan@pgr.reading.ac.uk
mailto:h.f.dodd@reading.ac.uk
mailto:l.t.fitzgibbon@reading.ac.uk
mailto:pclsethics@reading.ac.uk
mailto:z.j.ryan@pgr.reading.ac.uk
mailto:h.f.dodd@reading.ac.uk
mailto:l.t.fitzgibbon@reading.ac.uk
mailto:pclsethics@reading.ac.uk
mailto:z.j.ryan@pgr.reading.ac.uk
mailto:h.f.dodd@reading.ac.uk
mailto:l.t.fitzgibbon@reading.ac.uk
mailto:pclsethics@reading.ac.uk
mailto:z.j.ryan@pgr.reading.ac.uk
mailto:h.f.dodd@reading.ac.uk
mailto:l.t.fitzgibbon@reading.ac.uk
mailto:pclsethics@reading.ac.uk
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To: Zoe Ryan <z.j.ryan@pgr.reading.ac.uk> 
Cc: Helen Dodd <h.f.dodd@reading.ac.uk>; Lily Fitzgibbon <l.t.fitzgibbon@reading.ac.uk> 
Subject: RE: Uncertain World Project Ethics Application 2020-072-HD 
 
Hi Zoe 
I am pleased to inform you that this project (2020-072-HD) has been reviewed by the School 
Research Ethics Committee and has been given a favourable ethical opinion for conduct. The 
project may proceed. 
Many thanks 
Liz 
  

mailto:z.j.ryan@pgr.reading.ac.uk
mailto:h.f.dodd@reading.ac.uk
mailto:l.t.fitzgibbon@reading.ac.uk
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6.6 Appendix 2c) Ethics approval for Study 3 

Uncertain World Adult Ethics Approval 
From: PCLS Ethics <pclsethics@reading.ac.uk>  
Sent: Thursday, December 9, 2021 1:34 PM 
To: Zoe Ryan <z.j.ryan@pgr.reading.ac.uk> 
Cc: Lily Fitzgibbon <l.t.fitzgibbon@reading.ac.uk>; Jayne Morriss <j.e.morriss@reading.ac.uk>; 
Dodd, Helen <h.dodd@exeter.ac.uk>; Fitzgibbon, Lily <L.Fitzgibbon@exeter.ac.uk> 
Subject: RE: Uncertain World Project Ethics Application 2021-194-JM 
Hi Zoe 
I am pleased to inform you that this project (2021-194-JM) has been reviewed by the School 
Research Ethics Committee and has been given a favourable ethical opinion for conduct. The 
project may proceed. 
(If this project is going through SONA, please could you make all the necessary arrangements 
as early as possible) 
Many thanks 
Liz 
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6.7 Appendix 2d) Ethics approval for originally planned PhD study 

Originally planned PhD study - Watch Them Grow Follow Up Ethics Approval 
From: PCLS Ethics <pclsethics@reading.ac.uk>  
Sent: Tuesday, August 13, 2019 11:40 AM 
To: Zoe Ryan <z.j.ryan@pgr.reading.ac.uk>; Helen Dodd <h.f.dodd@reading.ac.uk> 
Subject: RE: New ethics application 2019-080-HD 
Hi Helen and Zoe 
I am pleased to inform you that this project (2019-080-HD) has been reviewed by the School 
Research Ethics Committee and has been given a favourable ethical opinion for conduct. The 
project may proceed.  
Many thanks  
Liz 
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6.8 Appendix 3. Questionnaires for Studies 1, 2 and 3 
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The Spence Children’s Anxiety Scale – Parent report (SCAS-P; Nauta et al., 2004). 
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Health Behaviour Questionnaire (HBQ) (Armstrong & Goldstein, 2003). )
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The Responses to Uncertainty and Low Environmental Structure (RULES) questionnaire 
(Sanchez et al., 2017).  
 

Responses to Uncertainty and Low Environmental Structure (RULES)  
For each of the following statements, please rate how well the statement describes your 
child by selecting among one of five responses and circling the number corresponding to 
that response.  
Not at all Somewhat Very much  
1. My child 
gets tense 
when 
unexpected 
events or 
transitions 
occur in 
his/her 
environment  

1  2  3  4  5  

2. My child 
has a hard 
time coping 
with even 
minor 
changes  

1  2  3  4  5  

3. My child 
says, “It is 
unfair” when 
he/she cannot 

1  2  3  4  5  
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know what 
will happen 
next  
4. My child 
always wants 
to know 
ahead of the 
time what the 
plan is  

1  2  3  4  5  

5. My child 
becomes 
upset if 
he/she has to 
enter a new 
situation  

1  2  3  4  5  

6. My child 
seeks 
reassurance 
prior to 
entering an 
unfamiliar 
situation  

1  2  3  4  5  

7. My child 
cries when 
he/she finds 
him/herself in 
an unfamiliar 
situation  

1  2  3  4  5  

8. My child 
gets down on 
himself if he 
does not 
know what 
will happen 
next.  

1  2  3  4  5  

9. My child 
performs best 
in highly 
structured 
environments.  

1  2  3  4  5  

10. My child 
tantrums 
when an 
unexpected 
event occurs  

1  2  3  4  5  

11. My child 
avoids 
unstructured 
situations  

1  2  3  4  5  

12. My child 
cannot relax if 
he/she does 
not know 
what will 
happen next  

1  2  3  4  5  

13. My child 
cannot sleep if 
he anticipates 

1  2  3  4  5  
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an upcoming 
change  
14. My child 
becomes 
fidgety during 
transitions  

1  2  3  4  5  

15. My child 
freezes up in 
the face of 
unexpected 
events  

1  2  3  4  5  

16. 
Transitions 
are difficult 
for my child  

1  2  3  4  5  

17. My child 
complains of 
physical 
symptoms 
(e.g., 
headaches, 
stomachaches
) when he/she 
is about to 
enter a new 
situation  

1  2  3  4  5  
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Trait scale of Y2 State-Trait Anxiety Inventory (STAI-Y2; Speilberger et al., 1983). 
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Interest/Deprivation-Young Children (I/D-YC) scale (Litman, 2005; Piotrowksi et al., 2014) 

 
Interest and Deprivation-Type Epistemic Curiosity (ID-EC) Scale (Litman, 2008; Litman et al., 
2010; Litman & Mussel, 2013) 
Please report how you generally feel regarding each statement below on the following 4-point 

frequency scale 

1. I enjoy exploring new ideas.  

2. I can spend hours on a single problem because I just can’t rest without knowing the 

answer. 

3. I find it fascinating to learn new information 

4. I brood for a long time in an attempt to solve some fundamental problem 

5. I enjoy learning about subjects that are unfamiliar to me 

6. Difficult conceptual problems can keep me awake all night thinking about solutions. 

7. I enjoy discussing abstract concepts 

8. I feel frustrated if I can’t figure out the solution to a problem, so I work even harder to 

solve it. 

9. When I learn something new, would like to find out more about it 

10. I work like a fiend at problems that I feel must be solved 

 

1 = Almost Never, 2 = Sometimes, 3 = Often, 4 = Almost Always 

I-type score is established by averaging items odd-numbered items (1, 3, 5, 7, 9).   
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D-type score is established by averaging items even-numbered items (2, 4, 6, 8, 10). 
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Intolerance of Uncertainty Scale (IUS) (Buhr & Dugas, 2002) 

IUS 

 

You will find below a series of statements which describe how people may react to the 

uncertainties of life. Please use the scale below to describe to what extent each item is 

characteristic of you. Please circle a number (1 to 5) that describes you best. 

Not at all Somewhat Entirely 

characteristic characteristic characteristic 

of me of me of me 

1. Uncertainty stops me from having a firm opinion.   ................. 

..........1.....................2.....................3.....................4....................5............ 

2. Being uncertain means that a person is disorganized.    ............... 

..........1.....................2.....................3.....................4....................5............ 

3. Uncertainty makes life intolerable.    

............................................1.....................2.....................3.....................4....................5........

.... 

4. It's unfair not having any guarantees in life.   

...................................1.....................2.....................3.....................4....................5............ 

5. My mind can't be relaxed if I don't know what will happen tomorrow.    

............................................1.....................2.....................3.....................4....................5........

.... 

6. Uncertainty makes me uneasy, anxious, or stressed.    

..............................1.....................2.....................3.....................4....................5............ 

7. Unforeseen events upset me greatly.    

..................................................1.....................2.....................3.....................4....................5..

.......... 

8. It frustrates me not having all the information I need.    

..........................1.....................2.....................3.....................4....................5............ 

9. Uncertainty keeps me from living a full life.    

....................................1.....................2.....................3.....................4....................5............ 

10. One should always look ahead so as to avoid surprises.    

........................1.....................2.....................3.....................4....................5............ 
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11. A small unforeseen event can spoil everything, even with the best of planning.   

......................... ..........1.....................2.....................3.....................4....................5............ 

12. When it's time to act, uncertainty paralyses me.    

......................1.....................2.....................3.....................4....................5............ 

13. Being uncertain means that I am not first rate.    

..........................................1.....................2.....................3.....................4....................5..........

.. 

14. When I am uncertain, I can't go forward.    

.................................................1.....................2.....................3.....................4....................5...

......... 

15. When I am uncertain I can't function very well.    

................................1.....................2.....................3.....................4....................5............ 

16. Unlike me, others always seem to know where they are going with their lives.    

.....................................1.....................2.....................3.....................4....................5............ 

17. Uncertainty makes me vulnerable, unhappy, or sad.    

.................1.....................2.....................3.....................4....................5............ 

18. I always want to know what thefuture has in store for me.    

.....................1.....................2.....................3.....................4....................5............ 

19. I can't stand being taken by surprise.    

.................................................1.....................2.....................3.....................4....................5...

......... 

20. The smallest doubt can stop me from acting.    

...........................................1.....................2.....................3.....................4....................5.........

... 

21. I should be able to organize everything in advance.    

..........................1.....................2.....................3.....................4....................5............ 

22. Being uncertain means that I lack confidence.    

....................................1.....................2.....................3.....................4....................5............ 

 

23. I think it's unfair that other people seem sure about their future.    

....................................................1.....................2.....................3.....................4....................5

.......... 
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24. Uncertainty keeps me from sleeping soundly.    

..................................1.....................2.....................3.....................4....................5............ 

25. I must get away from all uncertain situations.    

..............................1.....................2.....................3.....................4....................5............ 

26. The ambiguities in life stress me 

..............1.....................2.....................3.....................4....................5............ 

27. I can't stand being undecided about my future.    

....................................1.....................2.....................3.....................4....................5............ 

 Original French Version:  Freeston, M.H., Rhéaume, J., Letarte, H., Dugas, M.J., & Ladouceur, 

R. (1994):  Why do people worry?  Personality and Individual  Differences, 17 (6), 791-802. 

English Version: Buhr, K., Dugas, M. J. (2002). The intolerance of uncertainty scale: 

psychometric properties of the English version. 

Behavior Research and Therapy, 40 , 931-945. 

Scoring Instructions 

The IUS may be used as a unifactorial or a bifactorial assessment tool.  

To score the IUS as a unifactorial tool, add up the responses for each of the items. 

As a bifactorial tool, the IUS is used to assess the following two factors: 

     Factor 1:  Uncertainty has negative behavioural and self-referent implications 

     Factor 2:  Uncertainty is unfair and spoils everything 

To score Factor 1, add up the responses for items 1, 2, 3, 9, 12, 13, 14, 15, 16, 17, 20, 22, 

23, 24, and 25 

To score Factor 2, add up the responses for items 4, 5, 6, 7, 8, 10, 11, 

18,19, 21, 26, and 27  

A discussion on the 2-factor IUS scale may be found here: 

Sexton, K. A., & Dugas, M. J. (2009). Defining Distinct Negative Beliefs about Uncertainty: 

Validating  the Factor Structure of the Intolerance of Uncertainty Scale. Psychological 

Assessment, 21 , 176-186. 
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6.9 Appendix 4 Information sheet for parents for Study 1 

Timepoint 2: 

Watch them Grow Project Follow-up Questionnaires 
 
Thank you for your interest in taking part in the next follow-up of the Watch them Grow 
Project. This stage of the project focuses on how children deal with uncertainty and is being 
led by Zoe Ryan as part of her PhD research under the supervision of Prof. Helen Dodd.  
 
Project Information 
 
The University of Reading’s ‘Watch them Grow’ project has already tracked the journey of 180 
local children through their entry into primary school. We are currently going through an 
unprecedented period of uncertainty, with the situation regarding the Coronavirus changing 
on a day to day basis. We would like to now ask all families to help us to examine how this is 
affecting anxiety in young children and their parents. 
 
This part of the project will involve completing some questionnaires online regarding your 5-7 
year old child and yourself.  
 
As a thank you for your time and support families will be given a £5 voucher for taking part. 
Them Grow Project (2017/2018 cohort) 
On the next few pages we answer frequently asked questions about the project. Please get in 
touch 
if you have any other questions or would like to discuss any aspect of the project, we’d love to 
hear 
from you.  If you are happy to take part in the research you can use The link to the 
questionnaires which can be found at the end of the FAQs. 
 

This application has been reviewed by the School of Psychology and Clinical Language Sciences 

Research Ethics Committee and has been given a favourable ethical opinion for conduct. 
 
Thank you for your time and interest in our project - we hope to hear from you soon! 
 
Zoe Ryan 
(University of Reading Doctoral Researcher) 
Contact info: 
z.j.ryan@pgr.reading.ac.uk 
Mobile:   
 
What’s the point of the project? 
 
On average one child in every UK classroom experiences anxiety that significantly affects their 
daily 
life. The Watch them Grow project focuses on understanding what causes and maintains 
anxiety in children broadly. At this stage we have chosen to focus on uncertainty. There is a 
theory that people who find uncertainty difficult are those who are most likely to have 
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problems with anxiety. At the moment we know very little about whether reactions to 
uncertainty are linked to anxiety in children. The aim is that we can use the information from 
this project to work out how reactions to uncertainty and anxiety are linked in children and 
how anxiety is affected over time in people who struggle with uncertainty . This could be 
helpful for developing treatments for anxiety in the future.  
 
We are interested in how the whole group of children cope with uncertainty and will 
only be looking at overall patterns for the group, not individuals in detail. 
 
 
 
What exactly will happen when we complete the questionnaire? 
 
You will complete a series of questionnaires which measure your child’s emotions and 
behaviour and your own anxiety. 
 
You will be emailed a link to redeem a £5 voucher once we have closed the questionnaire in 
approximately two weeks time.  
 
What will happen to the information about me and my child? 
 
We appreciate the importance of keeping your information safe. All the information we collect 
and 
that you share with us will be kept confidential. We will use a unique code known only to the 
project team to identify any information relating to you and your child. That way, all of the 
information is anonymous. We have to keep the form you sign to say that you are happy to 
take part 
and this will be stored in a locked filing cabinet in the University. Electronic data including any 
videos will be stored on secure servers and password protected. Only the researchers working 
on 
this project will have access to these stored files. De-identified electronic data for the whole 
group will be deposited to the UK Data Service; no personal or identifiable information will be 
included. 
 
Will you want to see my child again when they are older? 
 
We will be asking your child to come back to the University at some point when they are in 
Year 2 (some children may have already taken part in this stage).  This stage of the testing will 
run until the summer of 2021. We will contact you once we have run the analysis and written 
up our findings. You may be asked back to the university to help us again in the future so that 
we can continue to see how children’s emotions are developing. You are not be obliged to 
take part in any further research. 
 
I’m worried about anxiety – where can I go for more information? 
Some of our questionnaires ask about worries and fears you and your child might have. 
If these raise any concerns you can contact any member of the research team or see 
https://research.reading.ac.uk/andy/resources/resources-parents/ 
 
Please find below a helpful link with advice for parents, carers and people that work with 
children and young people put together by our team together with colleagues at Oxford 
University: 

https://research.reading.ac.uk/andy/resources/resources-parents/
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https://emergingminds.org.uk/wp-content/uploads/2020/03/COVID19_advice-for-parents-
and-carers_20.3_.pdf 
 
You may also be interested in the below link about how to talk to your child about 
coronavirus: 
 
https://www.unicef.org/coronavirus/how-talk-your-child-about-coronavirus-covid-19 
 
And how to calm coronavirus anxiety in children: 
 
https://www.specialneedsjungle.com/calming-coronavirus-anxiety-children-everyone-else/ 
 
Who is doing the research? 
 
The project is managed by Zoe Ryan, Doctoral Researcher from the University of Reading, 
under the supervision of Prof. Helen Dodd and Dr Jayne Morriss. All researchers working on 
the project have enhanced Disclosure and Barring Service (DBS) checks.  
 
If you have read this information and are happy to take part in the next stage of the project, 
please feel free to click the link below to complete the questionnaires: 
 
https://www.surveymonkey.co.uk/r/WTGSpring2020 
 
If you have any questions you can contact Zoe on: 
z.j.ryan@pgr.reading.ac.uk 
mobile:   
 
or Helen on: 
h.f.dodd@reading.ac.uk 
Phone: 0118 378 6331 
 
Many thanks for your time and interest in our project!  We look forward to seeing you again 
soon! 
 
Zoe Project (2017/2018 cohort) 
 

Timepoint 3: 

Watch them Grow Project Follow-up Questionnaires 
 
Thank you for your interest in taking part in the next follow-up of the Watch them Grow 
Project. This stage of the project focuses on how children deal with uncertainty and is being 
led by Zoe Ryan as part of her PhD research under the supervision of Prof. Helen Dodd.  
 
Project Information 
 
The University of Reading’s ‘Watch them Grow’ project has already tracked the journey of 180 
local children through their entry into primary school. In 2020 we asked all of the Watch them 
Grow families to help us examine how the unprecedented period of uncertainty in the 

https://emergingminds.org.uk/wp-content/uploads/2020/03/COVID19_advice-for-parents-and-carers_20.3_.pdf
https://emergingminds.org.uk/wp-content/uploads/2020/03/COVID19_advice-for-parents-and-carers_20.3_.pdf
https://www.unicef.org/coronavirus/how-talk-your-child-about-coronavirus-covid-19
https://www.specialneedsjungle.com/calming-coronavirus-anxiety-children-everyone-else/
https://www.surveymonkey.co.uk/r/WTGSpring2020
mailto:h.f.dodd@reading.ac.uk
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Coronavirus pandemic affected anxiety in young children and their parents. We would like to 
ask you the same questions again, to see how everyone is getting on now. We are particularly 
interested in whether intolerance of uncertainty predicts child anxiety over time.  
 
This part of the project will involve completing some questionnaires online regarding your 8-
10 year old child and yourself.  
 
Families will be given a £5 voucher as reimbursement for their time. Them Grow Project 
(2017/2018 cohort) 
On the next few pages we answer frequently asked questions about the project. Please get in 
touch 
if you have any other questions or would like to discuss any aspect of the project, we’d love to 
hear 
from you.  If you are happy to take part in the research you can use the link to the 
questionnaires which can be found at the end of the FAQs. 
 

This application has been reviewed by the School of Psychology and Clinical Language Sciences 

Research Ethics Committee and has been given a favourable ethical opinion for conduct. 
 
Thank you for your time and interest in our project - we hope to hear from you soon! 
 
Zoe Ryan 
(University of Reading Doctoral Researcher) 
Contact info: 
z.j.ryan@pgr.reading.ac.uk 
 
What’s the point of the project? 
 
On average one child in every UK classroom experiences anxiety that significantly affects their 
daily 
life. The Watch them Grow project focuses on understanding what causes and maintains 
anxiety in children broadly. At this stage we have chosen to focus on uncertainty. There is a 
theory that people who find uncertainty difficult are those who are most likely to have 
problems with anxiety. At the moment we know very little about whether reactions to 
uncertainty are linked to anxiety in children. The aim is that we can use the information from 
this project to work out how reactions to uncertainty and anxiety are linked in children and 
how anxiety is affected over time in people who struggle with uncertainty. This could be 
helpful for developing treatments for anxiety in the future.  
 
We are interested in how the whole group of children cope with uncertainty and will 
only be looking at overall patterns for the group, not individuals in detail. 
 
 
 
What exactly will happen when we complete the questionnaire? 
 
You will complete a series of questionnaires which measure your child’s emotions and 
behaviour and your own anxiety. 
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You will be emailed a link to redeem a £5 voucher once we have closed the questionnaire in 
approximately two weeks time.  
 
What will happen to the information about me and my child? 
 
We appreciate the importance of keeping your information safe. All the information we collect 
and 
that you share with us will be kept confidential. We will use a unique code known only to the 
project team to identify any information relating to you and your child. That way, all of the 
information is anonymous. Electronic data will be stored on secure servers and password 
protected. Only the researchers working on this project will have access to these stored files. 
De-identified electronic data for the whole group will be deposited to the UK Data Service; no 
personal or identifiable information will be included. 
 
Will you want to see my child again when they are older? 
 
We are hoping to do some follow-on research in the future to see how children’s emotions are 
developing, hopefully in person at the University again! You are not be obliged to take part in 
any further research. 
 
In the meantime, we will contact you once we have run the analysis and written up our 
findings of this study.  
 
I’m worried about anxiety – where can I go for more information? 
Some of our questionnaires ask about worries and fears you and your child might have. 
If these raise any concerns you can contact any member of the research team or see 
https://research.reading.ac.uk/andy/resources/resources-parents/ 
 
Who is doing the research? 
 
The project is managed by Zoe Ryan, Doctoral Researcher from the University of Reading, 
under the supervision of Prof. Helen Dodd and Dr Rachel McCloy. All researchers working on 
the project have enhanced Disclosure and Barring Service (DBS) checks.  
 
If you have read this information and are happy to take part in the next stage of the project, 
please feel free to click the link below to complete the questionnaires: 
 
https://www.surveymonkey.co.uk/r/WTGAutumn2022 
 
If you have any questions you can contact Zoe on: 
z.j.ryan@pgr.reading.ac.uk 
 
or Helen on: 
h.dodd@exeter.ac.uk 
 
Many thanks for your time and interest in our project!  We look forward to seeing you again 
soon! 
Zoe  
  

https://research.reading.ac.uk/andy/resources/resources-parents/
https://www.surveymonkey.co.uk/r/WTGAutumn2022
mailto:h.f.dodd@reading.ac.uk
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6.10 Appendix 5 Parent Debrief for Study 1 

Parent debrief – Questionnaires 

Thank you for taking the time to complete the questionnaires for us. Here is a bit more 

information about why we are interested in the things we have asked about.  

• One of the questionnaires measures your child’s anxiety levels. We are looking at 

these levels at three different timepoints. When you first came in to the lab, when you 

completed the questionnaires early on in the COVID pandemic, and now.  

• We have asked questions about your child’s responses to uncertainty, also at these 

three timepoints. We would like to see if these responses are related to anxiety, and if 

their responses to uncertainty predict future anxiety 

• Other questionnaires ask about other factors that are sometimes related to anxiety, 

including parent anxiety and children’s mood.  

It is important to keep in mind that we are interested in scores for these questionnaires for all 

of the children taking part in this project as a group; we don’t look at scores or behaviours for 

specific individuals so we aren’t able to give you feedback about your child’s scores.  

 

If you have any concerns about your child resources for parents can be found on our website: 

https://research.reading.ac.uk/andy/resources/resources-parents/ 

 

Thank you again for your time today. Do let us know if you have any questions, comments or 

feedback (z.j.ryan@pgr.reading.ac.uk).   

  

https://research.reading.ac.uk/andy/resources/resources-parents/
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6.11 Appendix 6 Consent form for Study 2 

 

 

 

Consent form: Uncertain World 

Thank you for supporting our project. On the next few pages you will be asked to answer a 

series of questions about you and your child. In total it should take about 5-10 minutes to 

complete the questions. When you have submitted the questionnaire responses, you will be 

sent an email with details of how to access the online game that your child will play. 

You can save your questionnaire and come back to it later if you wish.  

Many thanks, 

Zoe 

(z.j.ryan@pgr.reading.ac.uk) 

 I agree to participating in this questionnaire portion of the project and to my child 

taking part in the webcam-recorded computer game, being conducted by Professor 

Helen Dodd, Dr Lily Fitzgibbon and Zoe Ryan at The University of Reading.  

 I have seen and read a copy of the Parent Information Sheet and have been given the 

opportunity to ask questions about the study and these have been answered to my 

satisfaction.  

 I understand that all personal information will remain confidential to the project team 

and arrangements for the storage of any identifiable material have been made clear to 

me.  

 I understand that this data will be stored against a number identifier on secure servers 

and password protected.  

 I understand that de-identified data will be shared using a secure data repository 

service.  

 I understand that participation in this study is voluntary and that my child and I can 

withdraw at any time without having to give an explanation.   

 

As part of the game, your child's facial expressions will be recorded by your computer’s 
webcam. You will be instructed how to get this set up when you decide to start the computer 
game with your child  By giving consent for your child to participate, you are allowing us to 
view the video-recordings of the study. The video will remain on your computer until the end 
of the game and we won’t be able to see anything via your webcam until you upload the 

mailto:z.j.ryan@pgr.reading.ac.uk
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video. If at this point, you decide that you no longer want to share the video with us, then you 
can simply decline to upload the video file. 

I am happy to proceed with my participation and for the video to be viewed and stored by the 
research team as detailed above. Y/N 

In addition, you can also authorize us to use the video for educational purposes, for example, 

to show to other scientists and students or for public sharing, for example, for the purpose of 

further scientific research or to go on our website. These additional levels of consent help us 

teach students and communicate our research to others, but they are optional. You will be 

asked if you wish to consent to these when you upload the video file after the game but there 

is absolutely no requirement to do so. Please let us know if you need further explanation 

about these levels or if you have any other questions.   

 

. 

This application has been reviewed by the University Research Ethics Committee and 

has been given a favourable ethical opinion for conduct. 

 

  

https://github.com/sociallearninglab/online_testing_materials/blob/master/misc_files/online_consent_form_image.png
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6.12 Appendix 7 Information Sheet for Study 2 

Uncertain World Project  
 
Thank you for your interest in taking part in the University of Reading’s “Uncertain World” 
Project. This project focuses on how children respond to the unknown and is being led by Zoe 
Ryan as part of her PhD research under the supervision of Prof. Helen Dodd. After this initial 
information and FAQs, there is a short questionnaire for you to complete. 
 
Project Information 
 
We are looking for 170 children between the ages of 8 and 12 to take part in this exciting 
project about how children respond to the unknown. We aim to discover why children explore 
things that are unknown or uncertain; because of curiosity or because they are uncomfortable 
with not knowing.  
 
In total the project will take approximately 10 minutes of your time and 10 minutes of your 
child’s time. In the first part we will ask you to complete some short questionnaires about 
your child, which should take about 5-10 minutes.  In the second part, your child will play a 
game on a computer at home. To play the game your child will need to have access to a 
computer that can play sounds, has a webcam, and access to Google Chrome. The game 
needs to be completed within one week of you completing the questionnaires.  
 
The questionnaires for you to complete are available after you have read this information and 
agreed to take part. Once you have completed them we will send you a link by email that you 
can use to get the game set-up for your child. The game is designed for 8 - 12 year old children 
and should only take about 10 minutes. It will involve your child pressing buttons that make 
sounds while their face is being recorded by your computer’s webcam. Due to the nature of 
the game, your child will need to have normal or corrected hearing and vision. 
Families will be given a £5 voucher as a contribution to your reasonable expenses incurred in 
taking part in the research. This. Them  
 
Unfortunately, at this stage we’re not able to include children who have significant Special 
Educational Needs (SEN) because their reactions to uncertainty are likely to be different to 
that of other children. In the future we may look to carry out a similar study with children who 
have SEN. On the next few pages, we answer some frequently asked questions about the 
project. Please get in touch if you have any other questions or would like to discuss any aspect 
of the project.  If you are happy to take part in the research, please continue through to 
provide your consent and complete the questionnaires.  
 

This application has been reviewed by the School of Psychology and Clinical Language Sciences 

Research Ethics Committee and has been given a favourable ethical opinion for conduct. 
 
Thank you for your time and interest in our project! 
 
Zoe Ryan 
(University of Reading Doctoral Researcher) 
Contact info: 
z.j.ryan@pgr.reading.ac.uk 
Mobile:  



264 

 

 

 
 
What’s the point of the project? 
 
We seek out information in our daily lives, and this can be driven by a range of factors. We can 
be curious, and our thirst for information can lead us to try to find out more. We can also be 
driven to seek information because we don’t like uncertainty and want to decrease it. At the 
moment we know very little about what drives children’s reactions to uncertainty so that is 
what we are investigating in this project.  
 
The information from the project could be helpful in thinking about how to treat anxiety 
around uncertainty and for understanding how to stimulate curiosity in education.  
 
We are interested in what drives the behaviour of the whole group of children and will only be 
looking at overall patterns for the group, not individuals in detail. 
 
What exactly will happen when we take part? 
 
Once you have finished reading this information sheet, we will ask for you to complete some 
questionnaires about you and your child which should take 5 – 10 minutes. Once we have 
confirmed your child’s eligibility to take part, we will send you a link to the computer game.  
 
We would appreciate it if you could assist your child with the setup of the game. You will be 
asked to allow the web browser to start recording on the webcam and then check that the 
sound is working and at an appropriate level on the computer. Your child will be shown a brief 
instruction video which explains what they have to do. Your child will then be shown a number 
of buttons on the screen which are linked to different sounds. Each button shows an image 
relating to the sound, or a “?”. Your child’s reaction to the buttons will be video recorded via 
the webcam in anticipation of the game and during the game. They will be asked to rate how 
they feel, and then will be given the opportunity to press as many or as few buttons as they 
like. Each round lasts around a minute. They will be given the opportunity to play the game 
with different sounds several times.. 
 
After your child completes the game, you will be asked if you are happy to upload the video to 
our secure servers by pressing a button – you will be able to choose who is allowed to view 
the videos at this point. You will then be provided with some further information about the 
project. 
 
You will be sent a £5 voucher once you have completed the session as a contribution to your 
reasonable expenses incurred in taking part in the research.  
What will happen to the information about me and my child? 
 
We are committed to keeping your information safe. All the information we collect and 
that you share with us will be kept confidential, unless something we observe makes us 
concerned for your safety, your child’s safety or someone else’s safety. We may then need to 
share information to make sure you are kept safe. We will use a unique code known only to 
the project team to identify any information relating to you and your child. That way, all of the 
information is anonymous. Electronic data including any videos will be stored on secure 
servers and password protected. Only the researchers working on this project will have access 
to these stored files. De-identified electronic data for the whole group will be deposited to the 
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University of Reading data archive; no videos, personal or identifiable information will be 
included. 
 
 
What if my child gets upset or doesn’t want to do some of the games? 
 
We of course hope that the game is not upsetting and that your child enjoys taking part. We 
have 
designed the game so that it is suitable for children and we have done lots of work with young 
children in the past. However, if your child does show any signs of getting upset, says that they 
don’t want to take part, or if you don’t feel comfortable at any stage, please tell them that 
they can stop the game. Taking part is voluntary and you are free to withdraw from the 
research at any point. Withdrawing won’t affect the contribution to your reasonable expenses 
incurred in taking part in the research.. 
 
Who is doing the research? 
 
The project is managed by Zoe Ryan, Doctoral Researcher from the University of Reading, 
under the supervision of Prof. Helen Dodd, Dr Lily Fitzgibbon and Dr Jayne Morriss. All 
researchers working on the project have enhanced DBS checks.  
 
If you have read this information and are happy to take part in the project, please feel free to 
continue on to the consent form and questionnaires. 
 
If you have any questions you can contact Zoe on: 
z.j.ryan@pgr.reading.ac.uk 
mobile:  
 
or Helen on: 
h.f.dodd@reading.ac.uk 
Phone: 0118 378 6331 
 
Many thanks for your time and interest in our project!   
 
Zoe Project (2017/2018 ) 
 

 

 

  

mailto:h.f.dodd@reading.ac.uk
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6.13 Appendix 8 Advertising Flyer for Study 2 
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6.14 Appendix 9 Parent Debrief for Study 2 

Parent debrief  

 

Thank you for taking the time to complete the questionnaires, and for your child taking part in 
the computer games today. We hope that you both enjoyed the experience.  

 

Here is a bit more information about what your child did today and why we are interested in 
these things. Please let us know if you have any questions, either by emailing 
z.j.ryan@pgr.reading.ac.uk or by leaving a question in the free text box at the end of this 
debrief. 

 

• Your child played a game where they could choose to press buttons.  The buttons had 
pictures on them relating to the sound they played when pressed, or a “?”.  Some of 
the buttons played the sound of rain, a jet planeor nightime noises, while others 
played a dentist drill, a rollercoaster, a jackhammer or a buzzer and some were 
uncertain (could be any of these). This tells us whether children seek out information 
or avoid it by not pressing any “?” buttons. 

• Through the webcam recording, we will observe your child’s emotional response to 
the buttons at the beginning of the game. We will aim to see whether your child is 
feeling positively or negatively about the game ahead. This tells us how children feel 
about uncertainty.  

• We have also asked your child to rate how they felt about each of the screens they 
saw (on a scale from positive to negative). This allows your child to report whether 
they are feeling positively or negatively about the uncertainty. 

 

It is important to keep in mind that we are interested in scores on these games for all of the 
children taking part in this project as a group; we don’t look at scores or behaviours for 
specific individuals so we aren’t able to give you feedback about your child’s scores.  
 
If you have any concerns about your child, resources for parents can be found on our website:  
https://research.reading.ac.uk/andy/resources/resources-parents/ 
 
Thank you again for your time today. Do let us know if you have any questions, comments or 
feedback.  
 
You can download a copy of this page by clicking here. We will also send you a copy by email 
with a giftcard as a contribution to your reasonable expenses incurred in taking part in the 
research and your child's certificate. 
 
<<FREE TEXT BOX>> 

mailto:z.j.ryan@pgr.reading.ac.uk
https://research.reading.ac.uk/andy/resources/resources-parents/
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6.15 Appendix 10 Screenshots of game in Study 2 and 3 

 

To check sound is working on participants’ computer, they were asked to press the button 

which plays a sound and type it into the box 
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Participants are asked to seat themselves so that they can see their face in the spaceship 

window. This ensures their face will be in the correct position to be recorded on the webcam 
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Practice Screen. Uncertain button “?”, Certain neutral sound button “okay hand gesture”, 

Certain aversive sound “thumbs down hand gesture”. 
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Practice Screen. 

 

Practice Screen. 
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Practice Screen. 

 

Checking to see if participants heard sounds when clicking buttons 
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Checking again to see if participant can see themselves in window (for recording via webcam) 

 

Emotion rating after 10 second anticipation period. From very unhappy to very happy 
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Worry rating after anticipation period and emotion rating. From not at all worried to very 

worried 

 

 

Uncertainty rating after worry rating as manipulation check. From not sure at all to very sure. 
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Example of high uncertainty trials 

44 Uncertain “?” Buttons, 2 certain neutral buttons and 2 certain aversive buttons 

 

Low uncertainty trials 44 Certain Buttons (22 neutral buttons and 22 aversive buttons) and 

four uncertain buttons “?” 
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As a manipulation check, participants rated how each sound played in the game made them 

feel 
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Parents provided level of consent for video upload 

 

Parents are then provided with debrief on screen and option to download 
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6.16 Appendix 11 Consent form for Study 3 

 

 

 

 

Consent form: Uncertain World 

Thank you for supporting our project. On the next few pages you will be asked to answer a 
series of questions about yourself. In total it should take about 5-10 minutes to complete the 
questions. At the end of the questionnaire responses, you will begin the online game. You will 
need to complete both parts of the study together. Please do not close the browser window 
once you have started as your progress will be lost. 
Many thanks, 
Zoe 
(z.j.ryan@pgr.reading.ac.uk) 

 I agree to participate in this study being conducted by Zoe Ryan, Dr Jayne Morriss, 

Professor Helen Dodd and Dr Lily Fitzgibbon at The University of Reading and the 

University of Exeter.  

 I have seen and read a copy of the Information Sheet and have been given the 

opportunity to ask questions about the study and these have been answered to my 

satisfaction.  

 I understand that all personal information will remain confidential to the project team 

and arrangements for the storage of any identifiable material have been made clear to 

me.  

 I understand that this data will be stored against a number identifier on secure servers 

and password protected.  

 I understand that de-identified data will be shared using a secure data repository 

service.  

 I understand that participation in this study is voluntary and that I can withdraw at any 

time without having to give an explanation.  

 

As part of the game, your facial expressions will be recorded by your computer’s webcam. You 
will be instructed how to get this set up when you decide to start the computer game. By 
giving consent to participate, you are allowing us to view the video-recordings of the study. 
The video will remain on your computer until the end of the game and we won’t be able to see 
anything via your webcam until you upload the video. If at this point, you decide that you no 
longer want to share the video with us, then you can simply decline to upload the video file. 

❑ I am happy to proceed with my participation and for the video to be viewed and stored 

by the research team as detailed above.  

mailto:z.j.ryan@pgr.reading.ac.uk
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In addition, you can also authorise us to use the video for educational purposes, for example, 

to show to other scientists and students or for public sharing, for example, for the purpose of 

further scientific research or to go on our website. These additional levels of consent help us 

teach students and communicate our research to others, but they are optional. You will be 

asked if you wish to consent to these when you upload the video file after the game but there 

is absolutely no requirement to do so. Please let us know if you need further explanation 

about these levels or if you have any other questions.  

 

. 

This application has been reviewed by the University Research Ethics Committee and 

has been given a favourable ethical opinion for conduct. 

 

 

  

https://github.com/sociallearninglab/online_testing_materials/blob/master/misc_files/online_consent_form_image.png
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6.17 Appendix 12 Information Sheet for Study 3 

Uncertain World Project  
 
Thank you for your interest in taking part in the University of Reading’s “Uncertain World” 
Project. This project focuses on how children and adults respond to the unknown and is being 
led by Zoe Ryan as part of her PhD research under the supervision of Dr Jayne Morriss. This 
task was originally designed for adults, however we adapted it so that it was suitable for 
children. We then ran the study with 132 children and found surprising results. We therefore 
now want to see what happens when adults complete the task using the child version.  
 
After this initial information and FAQs, there is a short questionnaire for you to complete. 
 
Project Information 
 
We are looking for 150 adults to take part in this project about how people respond to the 
unknown. We aim to discover why people explore things that are unknown or uncertain; 
because of curiosity or because they are uncomfortable with not knowing.  
 
In total the project will take approximately 20 minutes of your time. We will ask you to 
complete some short questionnaires, which should take about 5-10 minutes and then you will 
play a game on a computer at home. To play the game you will need to have access to a 
computer that can play sounds, has a webcam, and access to Google Chrome.  
 
As you have signed up on SONA, you have accessed this information sheet and questionnaires 
via the link provided and will continue to the game at the end of the questionnaires. The game 
was originally designed for children and should only take about 10 minutes. It will involve you 
pressing buttons that make sounds while your face is being recorded by your computer’s 
webcam. Due to the nature of the game, you will need to have normal or corrected hearing 
and vision. 
You will be given 0.5 SONA credits for your participation. m  
On the next few pages, we answer some frequently asked questions about the project. Please 
get in touch if you have any other questions or would like to discuss any aspect of the project. 
If you are happy to take part in the research, please continue through to provide your consent 
and complete the questionnaires.  
 

This application has been reviewed by the School of Psychology and Clinical Language Sciences 

Research Ethics Committee and has been given a favourable ethical opinion for conduct. 
 
Thank you for your time and interest in our project! 
 
Zoe Ryan 
(University of Reading Doctoral Researcher) 
Contact info: 
z.j.ryan@pgr.reading.ac.uk 
 
 
What’s the point of the project? 
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We seek out information in our daily lives, and this can be driven by a range of factors. We can 
be curious, and our thirst for information can lead us to try to find out more. We can also be 
driven to seek information because we don’t like uncertainty and want to decrease it. At the 
moment we know very little about what drives people’s reactions to uncertainty so that is 
what we are investigating in this project.  
 
The information from the project could be helpful in thinking about how to treat anxiety 
around uncertainty and for understanding how to stimulate curiosity in education.  
 
We are interested in what drives the behaviour of the whole group and will only be looking at 
overall patterns for the group, not individuals in detail. 
 
 
What exactly will happen when I take part? 
 
Once you have finished reading this information sheet, we will ask for you to complete some 
questionnaires which should take 5 – 10 minutes. Once you have completed the 
questionnaires, you will start the game. 
 
You will be asked to allow the web browser to start recording on the webcam and then check 
that the sound is working and at an appropriate level on the computer. You will be shown a 
brief instruction video which explains what you have to do. You will then be shown a number 
of buttons on the screen which are linked to different sounds. Each button shows an image 
relating to the sound, or a “?”. Your reaction to the buttons will be video recorded via the 
webcam in anticipation of the game and during the game. You will be asked to rate how you 
feel, and then will be given the opportunity to press as many or as few buttons as you like. 
Each round lasts around a minute. You will be given the opportunity to play the game with 
different sounds several times. 
 
After you complete the game, you will be asked if you are happy to upload the video to our 
secure servers by pressing a button – you will be able to choose who is allowed to view the 
videos at this point. You will then be provided with some further information about the 
project. 
 
You will be given 0.5 SONA credits for taking part in the research.  
 
 
What will happen to the information about me? 
 
We are committed to keeping your information safe. All the information we collect and 
that you share with us will be kept confidential, unless something we observe makes us 
concerned for your safety, or someone else’s safety. We may then need to share information 
to protect you/someone else. We will use a unique code known only to the project team to 
identify any information relating to you. That way, all of the information is anonymous. 
Electronic data including any videos will be stored on secure servers and password protected. 
Only the researchers working on this project will have access to these stored files. De-
identified electronic data for the whole group will be deposited to the University of Reading 
data archive; no videos, personal or identifiable information will be included. 
 
 
What if I get upset or don’t want to do some of the games? 
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We of course hope that the game is not upsetting and that you enjoy taking part. We have 
designed the game so that it is suitable for children and adults. However, if you get upset, 
decide you don’t want to take part, or if you don’t feel comfortable at any stage, please stop 
the game. Taking part is voluntary and you are free to withdraw from the research at any 
point. Withdrawing won’t affect the allocation of SONA credits to you. 
 
 
Who is doing the research? 
 
The project is managed by Zoe Ryan, Doctoral Researcher, under the supervision of Dr Jayne 
Morriss, Prof. Helen Dodd and Dr Lily Fitzgibbon from the University of Reading and the 
University of Exeter. All researchers working on the project have enhanced DBS checks.  
 
If you have read this information and are happy to take part in the project, please feel free to 
continue on to the consent form and questionnaires. 
 
If you have any questions you can contact Zoe on: 
z.j.ryan@pgr.reading.ac.uk  
 
or Jayne on: 
 
j.e.morriss@reading.ac.uk 
 
Many thanks for your time and interest in our project!  
 
Zoe Project (2017/ 
 

 

  

mailto:z.j.ryan@pgr.reading.ac.uk
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6.18 Appendix 13 Debrief for Study 3 

Debrief  

 

Thank you for taking the time to complete the questionnaires, and for taking part in the 
computer games today. We hope that you enjoyed the experience.  

 

Here is a bit more information about what you did today and why we are interested in these 
things. Please let us know if you have any questions, either by emailing 
z.j.ryan@pgr.reading.ac.uk or by leaving a question in the free text box at the end of this 
debrief. 

 

• You played a game where you could choose to press buttons. The buttons had 
pictures on them relating to the sound they played when pressed, or a “?”.  Some of 
the buttons played the sound of rain, a jet plane or nighttime noises, while others 
played a dentist drill, a rollercoaster, a jackhammer or a buzzer and some were 
uncertain (could be any of these). This tells us whether people seek out information or 
avoid it by not pressing any “?” buttons. 

• Through the webcam recording, we will observe your emotional response to the 
buttons at the beginning of the game. We will aim to see whether you are feeling 
positively or negatively about the game ahead. This tells us how people feel about 
uncertainty.  

• We have also asked you to rate how you felt about each of the screens you saw (on a 
scale from positive to negative). This allows you to report whether you are feeling 
positively or negatively about the uncertainty. 

• We have conducted this study with children, and in running it with adults, we hope to 
see if there is a difference in behaviour and emotional responses to uncertainty in 
children and adults. 

 

It is important to keep in mind that we are interested in scores on these games for everyone 
taking part in this project as a group; we don’t look at scores or behaviours for specific 
individuals so we aren’t able to give you feedback about your scores.  
 
If you have any concerns about your fears and worries, you can contact your GP or 
https://www.nhs.uk/mental-health/talking-therapies-medicine-treatments/talking-therapies-
and-counselling/nhs-talking-therapies/ 
 
Thank you again for your time today. Do let us know if you have any questions, comments or 
feedback.  
 

mailto:z.j.ryan@pgr.reading.ac.uk
https://www.nhs.uk/mental-health/talking-therapies-medicine-treatments/talking-therapies-and-counselling/nhs-talking-therapies/
https://www.nhs.uk/mental-health/talking-therapies-medicine-treatments/talking-therapies-and-counselling/nhs-talking-therapies/
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6.19 Appendix 14 Brief overview of originally planned PhD studies 

 

 

 at     e   r            
Zoe Ryan

 e ear     e   n 

 Q1: Is anxiety associated with children s physiological and behavioural
reactions to uncertainty?

 Q2: Does IU predict anxiety over time in children?

 Q3: Is parent report of IU related to children s physiological and behavioural
reactions to uncertainty?

 Secondary:

 Q4: Does baseline sensory processing predict anxiety over time and is this
moderated by IU?
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 et  d 

 Participants
 Recruiting from 180 6  7 year old children who took part in Watch Them

Grow project at 3-4 years old
 At first time point, had examined whether attention bias predicts anxiety

when children start school

 Lab based tasks
 HiLo
 48 Buttons
 Pandora s Box

 Behavioural observation
 Battery

Parent   e   nnaire 

 Spence Child Anxiety Scale (SCAS), which measures child s anxiety levels

 State Trait Anxiety Inventory (STAI), measuring the parents own levels of trait
anxiety

 Responses to Uncertainty and Low Environmental Structure (RULES), measuring a
child s responses to uncertainty

 Interest Deprivation- oung Children (ID- C) which measures epistemic curiosity

 Sections from Child Sensory Profile2 Caregiver Questionnaire which measure a
child s processing of visual and auditory stimuli

 Health Behaviour Questionnaire (HBQ) which assesses overall emotional wellbeing
and social functioning

 Behavioural Inhibition Questionnaire (BIQ) which measures child temperament

 Child Autism Quotient (CAQ)

 Social Motivation Questionnaire (SMQ) which assess social problems associated
with autism
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 i   a  

 Examining how:

 the children deal with predicting and decision making under uncertainty

 their body reacts to uncertainty using pupil dilation and Galvanic Skin Response (GSR)
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       n 
 Adapted from Hsee & Ruan, 2016 Study 3

 Behaviour such as information seeking or avoidance can be
due to uncertainty, but it also could be the result of the
child s level of curiosity.

 We used this task to examine information
seeking/avoidance/decision making behaviour under
uncertainty, and its relationship with curiosity and IU

 Certain buttons were labelled and played neutral or aversive
sounds when clicked

 Uncertain buttons were labelled with a ? And would play
either neutral or aversive sounds when clicked

 Children were told they could press as many or as few
buttons as they liked over the trial lasting three minutes

 In this game, there are 48 Buttons on the screen.
Each button has either an exclamation mark, a
question mark or a circle on it. If you click on a
button with an exclamation mark, you will hear a drill.
If you click the button with the circle, you will hear
the sound of water pouring into a jar and if you click a
questionmark, you could hear either sound. This
game will last a few minutes, you don t have to click
any buttons but if you want to you can, there are no
rules  While you are not clicking buttons, you can
relax and listen to some music that is playing in the
background of the game. 

 e a i  ra   a    in t e   n ertaint       

 Children taken to an observation lab

 The next tasks were filmed for future coding of behaviour such as
reassurance seeking, avoidance, fidgeting, reaction times, decision
making, information seeking, threshold

 Work from our group has shown that questionnaires for IU in children
have limited validity as these often rely on parent report and because
reactions to uncertainty are not always visible to others.

 Aim to capture individual differences in IU, and could potentially be
used as the basis for an assessment battery for IU in time
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Pand ra        et rn 

 In lab:

 Make theoretical decision when viewing box and being given options on the computer

 GSR & Pupil Dilation

 In Observation Room

 Physically make a decision

 So when we were in the other room, you said you would

choose the hole in the box that has something inside that is

bad/definitely okay/might be bad, might be okay. I actually

have a box with three holes in it here. This one has

something inside that is bad (point to Certain Threat). This

one has something in it that is definitely okay (point to

Certain No Threat). And this one has something in it that

might be bad, but might be okay (point to Uncertain).

Which hole would you most like to put your hand in? 

   en     ered  b e t 

Upon entering the observation room:

 There are five unusually shaped objects around the observation room covered
with sheets.

  I am giving you 5 tokens. Hang on to them you can use them to get a prize
at the end. 

 If child mentions covered objects throughout session, they are told  we will
come to them later . Try to keep them from peeking.

Towards the end of the testing session:
  You may have noticed that there are some objects underneath some sheets

over there. Would you be interested in seeing what is under the sheets? 

  Do you remember the tokens you were given when we first came to the
room. The ones I said would go towards a prize at the end? If you want to
see what is under the sheets, youhave togive me at least one of your tokens.
You could give me one, two three, four or five tokens (show picture to the
right). How much do you want to see under the sheet? How many tokens
would you be willing to give me?

 Allow child to hand over tokens and explore the objects if they would like
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 reen  i  t   
 Children high in IU might differ from those lower in IU via an altered

threshold for feeling certain

 Traffic light changing from red to green on computer screen

 Child presses mouse when the light is  green enough to go 

 Child completes this three times

  brid  ni a  
 I have some pictures of animals here that have been pixelated. I am going to name two
animals and I want you to tell me which animal it is in the picture. 

  Is this a rabbit of an ostrich? 

 Recording and coding avoidance, information seeking, decision making (latency to decide)
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 t er be a i  ra  ta   

Snac  Tas 

 Three cylindrical cannisters are placed on the table

  You have been working very hard so I thought I would let you have a snack. Which would you like? You can only choose one tin. 

 Child allowed to explore tins, shake them gently, lift them (but not take off lids).

 i 

 If the child gave the researcher tokens:  I know you gave me your prize tokens to see the objects, but as you did such a good job,
you get to choose a prize anyway. 

 If the child didn t give any tokens:  Can I ask for your tokens back now in exchange for a choice of gift? 

  Here are five gifts. Which would you like to choose for taking part? 

 Child is allowed to explore boxes (lift, shake, etc). If they ask what is in them, researcher tosay  I don t know .

 Once they have chosen, the researcher allows the child to choose from the other bags and books that have been brought to the
room.
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6.20 Appendix 15 R Markdown output from analysis for Study 1 

Note: Only outputs for models in the main manuscript are shown below. Full html of output 

available upon request. Outputs for Studies 2 and 3 can be found in OSF (links in individual 

papers) 

#MAIN MANUSCRIPT - Model 1 outliers removed - controlling only for STA

I and marital status 

#Due to residuals not being normal, detect outliers based on Cook's di

stance and remove outliers 

cooksD1 <-cooks.distance(lmer_model1) 

influential1 <-cooksD1[(cooksD1 > (4 * mean(cooksD1, na.rm=TRUE)))] 

influential1 

##        30        35        59       204       215       227       2

37       247  

## 0.1614788 0.1353209 0.1284811 0.2343138 0.1975992 0.1384076 0.64852

49 0.1363324  

##       262       314       385       390       391       419       4

33       461  

## 0.1486818 0.2528478 0.1573372 0.8508373 0.3631939 0.4021539 0.32120

81 0.2016370  

##       477       500       511  

## 0.1280638 0.4045459 0.5628869 

id_of_influential1 <- names(influential1) 

outliers1 <- data.gca[id_of_influential1,] 

id_without_outliers1 <- data.gca %>% anti_join(outliers1) 

## Joining, by = c("child_ID", "Time_Point", "Child_Anx", "HBQ_Int", 

## "HBQ_ExtADHD", "Parent_Anx", "Marital_Status", "RULES", "RULES_cent

", 

## "Parent_Anx_cent", "Time_Point.Index", "poly1", "poly2") 

#Run model again with controls, without outliers (model 1b in supp mat

) 

lmer_model1_out <- lmer(Child_Anx ~ (RULES_cent)*(poly1+poly2) + Paren

t_Anx_cent + Marital_Status + (1|child_ID), data = id_without_outliers

1 ) 

full_lm_results1_out<-Anova(lmer_model1_out, type = 3, test='F') 

print(full_lm_results1_out) 

## Analysis of Deviance Table (Type III Wald F tests with Kenward-Roge

r df) 

##  

## Response: Child_Anx 



293 

 

 

##                         F Df Df.res    Pr(>F)     

## (Intercept)        9.6453  1 168.76  0.002227 **  

## RULES_cent       114.8520  1 181.76 < 2.2e-16 *** 

## poly1              5.9316  1 311.92  0.015432 *   

## poly2              6.7336  1 303.43  0.009921 **  

## Parent_Anx_cent    4.2827  1 418.01  0.039115 *   

## Marital_Status     2.1403  2 173.43  0.120722     

## RULES_cent:poly1  19.0292  1 308.41 1.758e-05 *** 

## RULES_cent:poly2   5.0498  1 308.35  0.025336 *   

## --- 

## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 

     ##Controlling for parent anxiety & marital status 

      #dev.new() 

        #print( 

interactions::sim_slopes( 

          lmer_model1_out, 

          pred = poly1, 

          modx = RULES_cent, 

          jnplot = TRUE 

        )#) 

## JOHNSON-NEYMAN INTERVAL  

##  

## When RULES_cent is OUTSIDE the interval [-1.30, -0.11], the slope o

f poly1 

## is p < .05. 

##  

## Note: The range of observed values of RULES_cent is [-1.48, 3.06] 
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## SIMPLE SLOPES ANALYSIS  

##  

## Slope of poly1 when RULES_cent = -0.99849404 (- 1 SD):  

##  

##   Est.   S.E.   t val.      p 

## ------ ------ -------- ------ 

##   0.10   0.08     1.35   0.18 

##  

## Slope of poly1 when RULES_cent = -0.02255742 (Mean):  

##  

##    Est.   S.E.   t val.      p 

## ------- ------ -------- ------ 

##   -0.13   0.05    -2.34   0.02 

##  

## Slope of poly1 when RULES_cent =  0.95337920 (+ 1 SD):  

##  

##    Est.   S.E.   t val.      p 

## ------- ------ -------- ------ 
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##   -0.35   0.07    -4.76   0.00 

 #dev.new() 

        #print( 

interactions::sim_slopes( 

          lmer_model1_out, 

          pred = poly2, 

          modx = RULES_cent, 

          jnplot = TRUE 

        )#) 

## JOHNSON-NEYMAN INTERVAL  

##  

## When RULES_cent is OUTSIDE the interval [-8.73, -0.24], the slope o

f poly2 

## is p < .05. 

##  

## Note: The range of observed values of RULES_cent is [-1.48, 3.06] 

 

## SIMPLE SLOPES ANALYSIS  

##  
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## Slope of poly2 when RULES_cent = -0.99849404 (- 1 SD):  

##  

##   Est.   S.E.   t val.      p 

## ------ ------ -------- ------ 

##   0.01   0.08     0.15   0.88 

##  

## Slope of poly2 when RULES_cent = -0.02255742 (Mean):  

##  

##   Est.   S.E.   t val.      p 

## ------ ------ -------- ------ 

##   0.14   0.05     2.54   0.01 

##  

## Slope of poly2 when RULES_cent =  0.95337920 (+ 1 SD):  

##  

##   Est.   S.E.   t val.      p 

## ------ ------ -------- ------ 

##   0.26   0.08     3.36   0.00 

#Plot of three timepoints 

ggplot(data = id_without_outliers1[-c(52, 228, 401), ], aes(x = Time_P

oint, y = Child_Anx, colour = RULES_cent>1)) + geom_point() + labs(x = 

"Time point", y = "GA Subscale Score", colour = "RULES > 1") + scale_x

_discrete(limit = c('1', '2', '3')) + stat_smooth(method = lm, formula 

= y ~ poly(x, 2, raw = TRUE)) 

## Warning: Removed 50 rows containing non-finite values (`stat_smooth

()`). 

## Removed 50 rows containing missing values (`geom_point()`). 
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#Model 2 MAIN MANUSCRIPT - outliers removed - with HBQ Int in place of 

Child Anx 

#Due to residuals not being normal, detect outliers based on Cook's di

stance and remove outliers 

cooksD2 <-cooks.distance(lmer_model2) 

influential2 <-cooksD2[(cooksD2 > (4 * mean(cooksD2, na.rm=TRUE)))] 

influential2 

##        17        51       166       167       215       237       2

47       262  

## 0.1610836 0.2557415 0.1837966 0.1576138 0.1755245 0.2654912 0.37601

34 0.4052661  

##       305       345       364       376       379       385       3

90       394  

## 0.1733737 0.3109907 0.2917509 0.2962278 0.2886139 0.1527625 0.49492

89 0.1600125  

##       400       411       419       461       490       511       5

14       520  

## 0.3101631 0.2303650 0.3233391 0.2193015 0.2185246 0.3040219 0.39694

44 0.3205103 



298 

 

 

id_of_influential2 <- names(influential2) 

outliers2 <- data.gca[id_of_influential2,] 

id_without_outliers2 <- data.gca %>% anti_join(outliers2) 

## Joining, by = c("child_ID", "Time_Point", "Child_Anx", "HBQ_Int", 

## "HBQ_ExtADHD", "Parent_Anx", "Marital_Status", "RULES", "RULES_cent

", 

## "Parent_Anx_cent", "Time_Point.Index", "poly1", "poly2") 

#Run model again with controls but without outliers 

lmer_model2_out <- lmer(HBQ_Int ~ (RULES_cent)*(poly1+poly2) + Parent_

Anx_cent + Marital_Status + (1|child_ID), data = id_without_outliers2) 

full_lm_results2_out<-Anova(lmer_model2_out, type = 3, test='F') 

print(full_lm_results2_out) 

## Analysis of Deviance Table (Type III Wald F tests with Kenward-Roge

r df) 

##  

## Response: HBQ_Int 

##                         F Df Df.res    Pr(>F)     

## (Intercept)      111.3800  1 174.12 < 2.2e-16 *** 

## RULES_cent       119.1175  1 182.32 < 2.2e-16 *** 

## poly1             33.4873  1 306.35 1.773e-08 *** 

## poly2              3.1824  1 296.98 0.0754571 .   

## Parent_Anx_cent   29.3070  1 430.50 1.028e-07 *** 

## Marital_Status     2.2901  2 171.79 0.1043367     

## RULES_cent:poly1  14.0601  1 306.92 0.0002116 *** 

## RULES_cent:poly2   2.7513  1 301.45 0.0982157 .   

## --- 

## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 

##Follow-up interaction Model 2b (johnson neyman) - where interaction 

is significant between RULES and Poly1/2 

      #dev.new() 

        #print( 

interactions::sim_slopes( 

          lmer_model2_out, 

          pred = poly1, 

          modx = RULES_cent, 

          jnplot = TRUE 

        )#) 

## JOHNSON-NEYMAN INTERVAL  
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##  

## When RULES_cent is OUTSIDE the interval [0.82, 3.38], the slope of 

poly1 is 

## p < .05. 

##  

## Note: The range of observed values of RULES_cent is [-1.48, 3.06] 

 

## SIMPLE SLOPES ANALYSIS  

##  

## Slope of poly1 when RULES_cent = -1.01170264 (- 1 SD):  

##  

##   Est.   S.E.   t val.      p 

## ------ ------ -------- ------ 

##   1.10   0.16     6.91   0.00 

##  

## Slope of poly1 when RULES_cent = -0.04104162 (Mean):  

##  

##   Est.   S.E.   t val.      p 

## ------ ------ -------- ------ 
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##   0.67   0.11     5.96   0.00 

##  

## Slope of poly1 when RULES_cent =  0.92961939 (+ 1 SD):  

##  

##   Est.   S.E.   t val.      p 

## ------ ------ -------- ------ 

##   0.25   0.16     1.57   0.12 

#Plotting data to help with interpretation 

#plot splitting high and low IU - used value of 1 for RULES to split & 

only plotting poly 1 (as not quadratic interaction) 

ggplot(data = id_without_outliers2[-c(52, 229, 396), ], aes(x = Time_P

oint, y = HBQ_Int, colour = RULES_cent>1)) + geom_point() + labs(x = "

Time point", y = "HBQ Internalising", colour = "RULES > 1") + scale_x_

discrete(limit = c('1', '2', '3')) +  stat_smooth(method = lm, formula 

= y ~ poly(x, 1, raw = TRUE)) 

## Warning: Removed 50 rows containing non-finite values (`stat_smooth

()`). 

## Removed 50 rows containing missing values (`geom_point()`). 
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#Model 3 (MAIN MANUSCRIPT- outliers removed - with HBQ ExtADHD in plac

e of Child Anx  

#Due to residuals not being normal, detect outliers based on Cook's di

stance and remove outliers 

cooksD3 <-cooks.distance(lmer_model3) 

influential3 <-cooksD3[(cooksD3 > (4 * mean(cooksD3, na.rm=TRUE)))] 

influential3 

##         4        49        60        65        67        94        

97       100  

## 0.2287412 0.2554784 0.3857645 0.2997083 0.3266786 0.4082986 0.26798

62 0.2205170  

##       133       137       199       247       259       309       3

60       373  

## 0.1931476 0.6863412 0.2333791 0.2204816 0.2166356 0.2923795 0.56506

53 0.3766674  

##       389       425       448       464       488       497       5

20  

## 0.2717049 0.6314201 0.5441143 0.3479958 0.2186923 0.5845653 0.24267

96 

id_of_influential3 <- names(influential3) 

outliers3 <- data.gca[id_of_influential3,] 

id_without_outliers3 <- data.gca %>% anti_join(outliers3) 

## Joining, by = c("child_ID", "Time_Point", "Child_Anx", "HBQ_Int", 

## "HBQ_ExtADHD", "Parent_Anx", "Marital_Status", "RULES", "RULES_cent

", 

## "Parent_Anx_cent", "Time_Point.Index", "poly1", "poly2") 

#Run model again with controls but without outliers 

lmer_model3_out <- lmer(HBQ_ExtADHD ~ (RULES_cent)*(poly1+poly2) + Par

ent_Anx_cent + Marital_Status + (1|child_ID), data = id_without_outlie

rs3) 

full_lm_results3_out<-Anova(lmer_model3_out, type = 3, test='F') 

print(full_lm_results3_out) 

## Analysis of Deviance Table (Type III Wald F tests with Kenward-Roge

r df) 

##  

## Response: HBQ_ExtADHD 

##                        F Df Df.res    Pr(>F)     

## (Intercept)      98.4869  1 172.38 < 2.2e-16 *** 

## RULES_cent       22.3344  1 175.29 4.683e-06 *** 

## poly1             2.6931  1 300.06   0.10183     

## poly2             3.3694  1 291.78   0.06744 .   
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## Parent_Anx_cent  23.3318  1 450.69 1.871e-06 *** 

## Marital_Status    3.4804  2 171.98   0.03298 *   

## RULES_cent:poly1  2.1533  1 295.33   0.14333     

## RULES_cent:poly2  5.4127  1 290.53   0.02068 *   

## --- 

## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 

#HBQExtADHD RULES:poly 2 sig 

 

 #dev.new() 

        #print( 

interactions::sim_slopes( 

          lmer_model3_out, 

          pred = poly2, 

          modx = RULES_cent, 

          jnplot = TRUE 

        )#) 

## JOHNSON-NEYMAN INTERVAL  

##  

## When RULES_cent is OUTSIDE the interval [-5.47, 0.06], the slope of 

poly2 

## is p < .05. 

##  

## Note: The range of observed values of RULES_cent is [-1.48, 3.06] 
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## SIMPLE SLOPES ANALYSIS  

##  

## Slope of poly2 when RULES_cent = -0.98635757 (- 1 SD):  

##  

##   Est.   S.E.   t val.      p 

## ------ ------ -------- ------ 

##   0.04   0.12     0.36   0.72 

##  

## Slope of poly2 when RULES_cent = -0.01397314 (Mean):  

##  

##    Est.   S.E.   t val.      p 

## ------- ------ -------- ------ 

##   -0.15   0.08    -1.80   0.07 

##  

## Slope of poly2 when RULES_cent =  0.95841129 (+ 1 SD):  

##  

##    Est.   S.E.   t val.      p 

## ------- ------ -------- ------ 



304 

 

 

##   -0.34   0.11    -2.95   0.00 

#Also had a look at HBQExtADHD 

 

ggplot(data = id_without_outliers3[-c(52, 223, 397), ], aes(x = Time_P

oint, y = HBQ_ExtADHD, colour = RULES_cent>1)) + geom_point() + labs(x 

= "Time point", y = "HBQ Externalising", colour = "RULES > 1") + scale

_x_discrete(limit = c('1', '2', '3')) +  stat_smooth(method = lm, form

ula = y ~ poly(x, 2, raw = TRUE)) 

## Warning: Removed 51 rows containing non-finite values (`stat_smooth

()`). 

## Removed 51 rows containing missing values (`geom_point()`). 

 

 

 




