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Abstract: 

When we [uhh] have everyday conversations, our speech is [um] littered with [like] spontaneous 

pauses and interjections known as “verbal disfluencies”. In adults, verbal disfluencies are 

associated with a speaker’s certainty or knowledge level in both speech production and speech 

comprehension. That is, adults rate both their own and others’ confidence lower when they 

produce more verbal disfluency. Little work has explored whether and when children’s verbal 

disfluency correlates with their own internal sense of confidence. Given that young children 

struggle with explicit ratings of their own confidence, these implicit cues may provide 

researchers a window into children’s metacognitive awareness. This study examines the 

association between verbal disfluency and confidence in 5–8-year-olds’ (N=60) naturally 

produced speech. Children answered fact-based questions about animals and performed 

numerical comparisons. Then, they rated their confidence about these answers in a forced-choice 

metacognitive judgment paradigm. We examine the association between verbal disfluency and 

the accuracy of children’s responses, as well as these explicit ratings of metacognitive 

confidence, showing that even our youngest children reliably produce more verbal disfluencies 

when they answer incorrectly, and when they feel less confident. Moreover, children’s verbal 

disfluencies predicted the accuracy of their response over and above their explicit ratings of 

confidence, suggesting that future work should consider examining verbal disfluency as a 

measure of children’s metacognition.  
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Lay Summary: 

When adults feel less confident, we use more pauses, fillers like “ums” and “uhs”, and hedging 

language like “I think”—speech cues known as “verbal disfluencies”. Here, we ask whether 

young children (ages 5-8) use verbal disfluencies like adults. Kids answered questions about 

animals and number and rated their confidence in their answer. We found that children used 

more disfluency when they answered questions incorrectly, and when they indicated feeling less 

confident. This suggests that, like adults, children’s verbal disfluency conveys information about 

their internal feeling of confidence.   
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This thesis is an original, unpublished work. The research was conducted at the 
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Introduction 

[uhhh] Real life speech is [um] littered with [like] spontaneous pauses and interjections. 

Such interjections are known as “verbal disfluencies”. These terms are remarkably common in 

conversation – estimates range between 2 and 26 disfluencies per 100 words (Fox Tree, 1995), 

and disfluencies exist cross-culturally in many of the world’s languages (Amiridze et al., 2010; 

Crible, 2018; Tian et al., 2017), across age, gender, and socio-economic demographics (Bortfeld 

et al., 2001; DeJoy & Gregory, 1985; Jansson-Verkasalo et al., 2021; Kools & Berryman, 1971; 

Laserna et al., 2014; Tottie, 2011, 2014; Yairi & Clifton, 1972). 

Despite their ubiquity, these terms often carry negative connotations. For example, 

although disfluencies are common across ages and genders, they are associated with gendered 

stereotypes (e.g., the Californian English “Valley Girl” accent; Hinton et al., 1987; Preston, 

1986). It is no surprise then, that many popular journals offer advice or training on how to reduce 

the number of disfluencies in speech for self-improvement (Dizik, 2016; Mele, 2017; Zandan, 

2018). 

Though some seek to purge natural speech of all disfluencies, psychology and linguistic 

research shows that they serve a valuable role in communication. Disfluencies are, for example, 

associated with one’s metacognitive confidence: English-speaking adults produce more 

disfluencies when they explicitly report feeling less certain (Smith & Clark, 1993), and they rate 

other speakers as being less knowledgeable when they produce more verbal disfluencies 

(Brennan & Williams, 1995). Verbal disfluencies, therefore, can help inform our understanding 

of others’ minds.  

While these cues facilitate the social dynamics of communication, no one explicitly 

teaches us to use them—if anything, they discourage us from producing them—or tells us that 
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they signal a speaker’s level of confidence. To understand how we learn the association between 

confidence and verbal disfluency, we must turn to the developmental story: when, and how, do 

children learn the communicative role of verbal disfluency?  

This thesis explores when and how children use disfluency to indicate their own certainty 

or confidence. We adapt Smith & Clark’s (1993) task to investigate the relationship between 

young children’s (ages 5-8 years) verbal disfluency in answering a range of fact-based and 

perceptual questions, and their explicit metacognitive ratings of certainty in their responses. The 

central question of this thesis is when children’s production of disfluent speech predicts their 

own subjective sense of certainty in their decisions. By treating disfluencies as a genuine part of 

the communicative role of speech, the results have implications for theories of language learning 

(e.g., how do children learn the relationship between disfluency and confidence), and 

metacognition (e.g., what do children’s disfluencies reveal about their early representations of 

confidence and certainty).   

I will first begin with a broad review of verbal disfluency: what are disfluencies and when 

do we produce them? Then I will review a debate regarding whether disfluency is an intentional 

signal from to speaker, or an incidental consequence of taking time to think, and discuss the 

implications of these approaches for children’s developing use of disfluency. Finally, I will 

propose that young children’s verbal disfluencies may not always track their explicit reports 

about their confidence, as their explicit metacognitive judgments are influenced by a range of 

task-demands on performance, before describing our current experiment. I will then focus on 

answering four empirical questions: (1) Do English-speaking children produce verbal disfluency 

and, if so, what kinds; (2) Do children produce more disfluency when they are less accurate; (3) 
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Do children produce more disfluency when they are less confident in their answers; and (4) Are 

disfluencies a better predictor of children’s accuracy than their explicit confidence judgements? 

What are verbal disfluencies? 

Verbal disfluencies are the extralinguistic pauses and interjections in our speech: the 

“ums”, “uhs”, and (in some contexts) “likes”, for example. Some linguists provide a taxonomy of 

differential disfluency types, often arguing that each term carries unique semantic meaning: 

distinguishing between fillers (e.g., “um”, “uh”, “er”; with some differentiating between 

individual filler terms like “um” and “uh”; Clark & Fox Tree, 2002), self-repairs, including 

repeats (e.g., “just on the left-left side”) and restarts (e.g.,“imme-just below the left side”), 

editing expressions (e.g., “I mean”, “sorry”; Bortfeld et al., 2001), and hedges (e.g., “I guess”, 

“like”; Fox Tree, 2006; Smith & Clark, 1993). Throughout this paper, however, I will use 

“verbal disfluency” as an umbrella term to refer to all these different parts of speech.  

 Verbal disfluencies exist in many languages across the globe. While individual 

disfluency terms differ across languages, they share a common function, cross-linguistically, in 

organizing discourse structure (Amiridze et al., 2010; Hayashi & Yoon, 2006). No matter their 

token form, disfluencies rely on similar pragmatic markers across languages: phonological 

devices like sound stretch (e.g., English and Ilokano; Streeck, 1996) or rising pitch and 

intonation (e.g., English and Dutch; Krahmer & Swerts, 2005; Smith & Clark, 1993), pauses or 

silence (Stivers et al., 2009), self-repair (e.g., English, German, & Hebrew; Fox et al., 2010), and 

interjections. Interjections, cross-linguistically, share several common forms: non-lexical but 

conventionalized sounds, or fillers (e.g., English “uh” and Japanese “eto”; Clark & Fox Tree, 

2002; Watanabe et al., 2008), as well as lexical items like demonstratives (e.g., English “thee” 

and Japanese “ano”; Arnold et al., 2007; Watanabe et al., 2008), discourse markers (e.g., English 
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“so” and French “hein”; Crible et al., 2017) and placeholder fillers (e.g., English 

“whatchamacallit” and Russian “eti”; (Podlesskaya, 2010).  

Notably, while disfluencies share common forms across languages, this does not 

necessitate that they communicate the same information. For example, in English, fillers often 

precede a pause, suggesting memory retrieval difficulty (Clark & Fox Tree, 2002; Smith & 

Clark, 1993). In Mandarin Chinese, fillers can be used to signal the syntactic category of the next 

word, while Japanese uses different fillers to communicate varying degrees of interaction 

between interlocutors (Tian et al., 2017). Thus, despite the cross-linguistic similarities in verbal 

disfluency, each individual language warrants its own investigation, to determine cross-cultural 

differences in what specific disfluency tokens communicate, and how children might learn these 

pairings.  

 

When do we produce verbal disfluencies, and what do they communicate?  

To appreciate the communicative role of verbal disfluency, one must consider the 

complex social and cognitive processes that underlie everyday conversation. Communication is 

intrinsically a collaborative social process where conversational partners must coordinate to 

achieve common ground, both in the process and the content of conversation (Clark & Brennan, 

1991; Grice, 1989; Schober & Brennan, 2003). One must coordinate the process of conversation 

by appropriately synchronizing turn-taking between partners, and the content of conversation by 

coordinating shared knowledge, beliefs, and assumptions, for example, assuming a communal 

understanding of word meaning (Clark & Brennan, 1991).  

Disfluencies can facilitate the coordination of both the process and the content of 

communication. They coordinate the process of communication in providing a signal to 
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conversational turns or discourse structure (Beňuš et al., 2011; Bortfeld et al., 2001; Clark, 2002; 

Swerts, 1998; Walker et al., 2014) and in guiding speech parsing (Bailey & Ferreira, 2003; 

Ferreira & Bailey, 2004). Disfluencies can coordinate the content of conversation, too, in serving 

as cues to novel objects of reference (i.e., in eye-tracking experiments, "put theee, uh", but not 

"put the", guides attention toward discourse-new objects in the scene; Arnold et al., 2003, 2004; 

Barr, 2001; Barr & Seyfeddinipur, 2010), and impacting word recognition (i.e., words following 

filled pauses are recognized faster; Corley & Hartsuiker, 2011; Fox Tree, 1995; Fox Tree & 

Schrock, 1999). Therefore, disfluencies impact both the temporal aspects of conversation, setting 

the time-course of turn-taking, as well as the actual content of conversation, cueing speakers to 

shared referents.  

But beyond the role of coordinating the process and content of a conversation, 

disfluencies serve a social pragmatic role in communication. Disfluencies can inform our 

understanding of others’ minds, cueing us to one’s metacognitive monitoring processes, 

including how certain or confident an individual feels about their knowledge. This is in part 

evidenced by the relationship between difficulty and disfluency (e.g., syntactic complexity; Cook 

et al., 1974; Maclay & Osgood, 1959; Watanabe et al., 2008; conceptual complexity; Barr, 2003) 

– wherein it is assumed that one intrinsically feels less knowledgeable or confident in producing 

more complex utterances. Stronger evidence, and more relevant to the current study, comes from 

the association between verbal disfluencies and conscious, explicit metacognitive ratings of one’s 

knowledge level. Adults produce more verbal disfluency when they report feeling less certain 

(Smith & Clark, 1993), and rate other speakers as being less knowledgeable when they produce 

more disfluency (Brennan & Williams, 1995). Indeed, several prominent theories of 

metacognition suggest that confidence is the self-perception of (dis)fluency: that we determine 
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our level of confidence, explicitly, by the subjective experience of cognitive fluency, or how 

easily the information is accessed from memory (Alter & Oppenheimer, 2009; Koriat, 1993).  

In one study, adult participants were asked factual questions in a conversational setting—

questions like “in which sport is the Stanley Cup awarded?”. After answering each question, 

participants provided explicit metacognitive judgments of their “Feeling of Knowing”, indicating 

the likelihood they would be able to recognize the correct answer on a scale of 1 (“absolutely 

sure I WON’T recognize”) to 7 (“absolutely sure I WILL recognize”) (Smith & Clark, 1993). 

Researchers transcribed their verbal responses, paying special attention to the duration of 

disfluencies like fillers and pauses, and looked at how these extralinguistic markers related to 

their explicit ratings of metacognition. The lower their feeling of knowing, the more often they 

marked their responses with fillers, self-talk, hedges, and rising intonation (Smith & Clark, 

1993). In other words: we produce more disfluency when we feel less confident (or, perhaps, we 

feel less confident when we produce more disfluency).  

Verbal disfluencies are not only associated with our own confidence in speech 

production, but they also relate to our perception of others’ confidence, in speech 

comprehension. In a subsequent study, Brennan and Williams (1995) first replicated the method 

and pattern of results in Smith & Clark (1993) wherein participants produced more disfluency on 

trials where they indicated a lower feeling of knowing. Then, they used the recordings obtained 

from these participants in a second experiment, examining this effect in speech comprehension. 

A new set of adult participants listened to the recorded responses of participants from experiment 

one and provided judgments of their “Feeling of Another’s Knowing”, indicating whether they 

believed the participant’s response was the correct answer on a scale from 1 (“definitely 

incorrect”) to 7 (“definitely correct”). Disfluent answers (but not non-answers, i.e., “I don’t 
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know” responses) led to lower ratings of another’s knowing (Brennan & Williams, 1995). Thus, 

we use disfluency to communicate about our own confidence, as well as to understand others’ 

confidence.  

 

Do we intentionally produce disfluency to express our confidence? 

While we understand that disfluencies relate to confidence, both in speech production and 

speech comprehension, whether disfluency is an intentional signal from the speaker, or an 

incidental consequence of uncertainty, remains debated (Finlayson & Corley, 2012). Some argue 

that disfluency should be excluded from linguistic analysis and theory, as it reflects a 

performance error in applying linguistic knowledge to real-world speech (Chomsky, 1965). 

Indeed, disfluencies appear to be, at least in part, an error on the level of inhibition: individuals 

with attention-deficit/hyperactivity disorder (ADHD, combined subtype), a disorder associated 

with inhibitory control difficulties, produce more repetition and repair disfluencies than a non-

ADHD control group (Engelhardt et al., 2010). However, other theories see disfluencies as 

genuine parts of language, arguing that fillers like “um” and “uh” should be considered actual 

words with differential semantic meaning (Clark & Fox Tree, 2002). As noted above, in some 

studies adults reliably use “uh” to signal brief delays and “um” longer ones, supporting a 

semantics-based account (Smith & Clark, 1993). 

Independent of whether we consider disfluency a part of language or a performance error, 

it can still communicate the same metacognitive content. Even if a speaker does not intend to 

produce disfluency, this does not necessarily impact the listener’s perception of disfluency. And 

even if we ourselves do not intend to produce disfluency, it may still correlate with our internal 

feeling of confidence. However, determining whether disfluency is an intentional signal from the 
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speaker has implications how we acquire disfluency. If disfluency reflects an error in 

performance, then it’s production as a confidence signal need not be learned. But if we willfully 

interject “ums” and “uhs” to intentionally signal to others that we need time to think (Clark & 

Fox Tree, 2002), as we do any other word, then these must be learned like any other word, too. 

Learning that disfluency refers to the state of another’s mind – the speaker’s subjective 

feeling of confidence – may prove more challenging than learning other words, however. While 

many nouns and verbs have visual referents, another’s confidence – their subjective judgement 

of the probability of being correct – is not necessarily external or observable without first 

learning that, e.g., shrugging shoulders are an indicator of low confidence. Moreover, 

understanding a person’s confidence requires some theory of mind, to understand that another’s 

metacognitive monitoring operates over their own knowledge, which may be different than one’s 

own. Children’s acquisition of intentional disfluency – especially as related to their confidence – 

may, therefore, show protracted development relative to other aspects of language.  

Disfluencies, of course, exist from the time we begin to use language – children as young 

two have been observed to produce verbal disfluency in various languages (DeJoy & Gregory, 

1985; Jansson-Verkasalo et al., 2021; Yairi, 1981) – but looking at children’s production of 

disfluency alone cannot reveal whether they understand them as communicating confidence. 

Children may produce disfluency without communicative intent: it is possible that children’s use 

of disfluency is a natural consequence of speaking – a performance error – that with 

development is linked to explicit representations of metacognitive confidence. Or it may be that 

they are simply imitating or parroting those around them, and later learn the association to their 

metacognitive monitoring. Thus, to determine whether children understand disfluency to relate to 
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confidence, one must look at how it relates to their explicit ratings of their own and others’ 

metacognition.  

Many studies have investigated children’s perception of disfluency in others’ speech. 

Most support for an early understanding of the link between disfluency and confidence comes 

from the downstream behavioral and cognitive consequences of the perception of speaker 

confidence: when a speaker produces disfluency, and appears uncertain, this influences our trust 

in their opinion and the likelihood we will learn from them. For example, 2-year-olds selectively 

imitate fluent speakers relative to those who use disfluencies (Birch et al., 2010), and 3- to 4-

year-olds selectively endorse novel object labels from more fluent speakers (White et al., 2020), 

providing converging evidence that young children perceive disfluent speakers to be less certain 

or reliable. 

Some studies have more directly examined this relationship, asking children to explicitly 

rate others’ knowledge or certainty. Pauses and response latency influence a host of children’s 

social attributions: children assumed slower response times reflected the source of the speaker’s 

knowledge, or the cognitive mechanisms underlying their answer—whether they were relying on 

memory retrieval, perception, or inference—as well as the complexity and accuracy of their 

knowledge (Richardson & Keil, 2022). Another study adapted the method of Brennan & 

Williams (1995) for young Dutch-speaking children (Krahmer & Swerts, 2005). Children’s 

ratings of another’s knowing similarly tracked the speaker’s verbal disfluency: children rated 

others’ knowledge lower when they produced more verbal disfluency, although their ratings of 

another’s knowing were overall less accurate than adults’. Thus, both implicit and explicit 

measures suggest that young children understand disfluencies as communicating information 

about speaker certainty or confidence.  
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The perception of disfluency in others’ speech, however, cannot discern whether the 

speaker intended to use these cues: recall that a performance error from the speaker can still 

communicate the same metacognitive content to the listener. To understand whether children use 

disfluency to communicate their own confidence, we must turn to their production of disfluency, 

and examine how it relates to their own feelings of confidence.  

Surprisingly few studies have investigated how children’s disfluency production relates 

to their explicit judgments of certainty (Hübscher et al., 2019; Krahmer & Swerts, 2005; Visser 

et al., 2014). One study asked Catalan-speaking preschoolers (3-5 year-olds) to identify occluded 

novel objects by touch and indicate how sure they felt about their answer using a 3-point verbal 

Likert scale (“very”, “somewhat”, or “not very”). While children produced more disfluency cues 

when identifying less familiar objects, they observed a dissociation between their metacognitive 

judgments and their facial and prosody cues: children often verbally reported that they felt 

certain, but used uncertain facial expressions and prosodic markers (Hübscher et al., 2019). The 

authors propose, therefore, that behavioral cues to uncertainty emerge earlier in development 

than lexical markers, and serve as bootstrapping devices for later sociopragmatic and 

metacognitive development (Hübscher et al., 2017; Hübscher & Prieto, 2019). 

 Another study adapted the method of Smith & Clark (1993) to be appropriate for young 

children (7-8 years old). Dutch-speaking children answered fact-based questions (e.g., “what is 

the color of peanut butter?”) and provided explicit ratings of their metacognition via a Feeling of 

Knowing rating on a 5-point Likert scale with cartoon face analogs (i.e., 1 = frowning face, 5 = 

smiling face). Children exhibited the same general pattern of results as adults in Smith & Clark 

(1993): they produced more verbal disfluency on trials where they indicated lower feelings of 

knowing, however, this association was weaker than the one found among adult participants 
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(Krahmer & Swerts, 2005). Furthermore, children produced different disfluencies than adult 

participants. Adults primarily used fillers, pauses, high intonation and facial cues (raised 

eyebrow and funny faces) to mark their answers. Children’s fillers, in contrast, showed no 

relationship with their FOK scores. Thus, while fillers may be the clearest disfluency cue to 

uncertainty in adults (Brennan & Williams, 1995; Smith & Clark, 1993), these may be less 

reliable cues in children.  

While these studies provide preliminary evidence that children’s disfluencies relate to 

their confidence, there are several reasons to question the generalizability of these results. First, 

given the aforementioned differences in the content communicated by individual disfluency 

terms (e.g., Mandarin Chinese, Japanese, and English fillers; Tian et al., 2017), it is important to 

examine this effect cross-linguistically. Second, one must consider how this association may 

shift with development. Krahmer & Swerts (2005) examine this effect in older children, 7-8 

year-olds. By age 7, however, children are quite experienced language users. To determine 

whether this relationship is learned, one must probe for this phenomenon in younger kids. While 

Hübscher et al. (2019) examined this effect in preschoool-aged children (3-5 year-olds), they 

collapsed all hedges, self-talk, and vague language into one measure (lexical markers), and all 

fillers, pitch changes, and vowel elongations into one measure (prosodic markers). While it is 

possible that all lexical cues and all prosodic cues track confidence in the same way, some 

theories hold that these should be analyzed separately. Recall that some propose that individual 

fillers, for example, carry differential semantic meaning (Clark & Fox Tree, 2002). This theory 

implies that children must learn the semantic meaning of “um” and “uh” just as they do any other 

word – and would therefore use these variably like adults. However, while adults may 

understand “um” and “uh” to have differential semantic meaning (Clark & Fox Tree, 2002), 
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young children may not: 3- and 4-year-old children to do not use “um” and “uh” to reliably 

signal different degrees of disruption (Hudson Kam & Edwards, 2008). This suggests that 

children know the basic function of fillers, but do not yet differentiate between them. It is 

possible, however, that children begin with a nascent understanding of the relationship between 

certainty and disfluency that is enriched with development and later acquisition – wherein they 

learn to differentiate between terms’ use and function. It is essential, therefore, to examine 

children’s use of disfluency across a wide age range, and to consider how they may differentially 

use individual disfluency terms.  

Finally, children have repeatedly been shown to be highly biased toward overconfidence 

when using traditional verbal report and Likert-scale metacognitive judgment tasks, often 

indicating certainty in answering questions incorrectly (Bayard et al., 2021; Destan & Roebers, 

2015; Finn & Metcalfe, 2014; Kim et al., 2016; Lipko et al., 2009; van Loon et al., 2017), 

limiting the sensitivity with which we can establish a relationship between confidence 

judgements and certainty. This overconfidence bias may not reflect a lack of metacognitive 

monitoring, however: it is possible that the standard measures of metacognitive reasoning used 

with adults are too difficult for children of this age (Goupil & Kouider, 2019; Lyons & Ghetti, 

2010). Instead, children’s overconfidence may emerge from a range of other social and cognitive 

pressures, unrelated to their metacognitive processing. One such theory is “wishful thinking”: 

that children judge their performance based on their idealized view of how they would like to be 

(Schneider, 1998). This might be a particularly strong demand in lab settings – where kids may 

feel extra pressure to signal to the experimenter that they are “smart”, or confident in their 

answers. This highlights the need for a metacognitive judgment task that maximizes children’s 

success – one that removes task demands, and the ability to respond overconfidently. By using 



 

 

 

13 

more developmentally appropriate measures of confidence that control for bias (e.g., Baer et al., 

2018, 2021; Baer & Odic, 2019, 2020; Butterfield et al., 1988), we can get a finer picture of how 

disfluencies relate to confidence in even younger children.  

While reducing the granularity of a Likert scale (e.g., from 7-points to 3-points; as in 

Hübscher et al., 2019) can make these tasks easier for children, it still allows for response biases 

(i.e., children can respond 3 (“very confident”) on every trial). Indeed, the preschoolers in 

Hübscher et al. (2019) tended to overestimate their confidence, and therefore their metacognitive 

judgments did not track the accuracy of their responses, as observed in adults. Their behavioral 

cues to confidence – facial expression, gesture, and prosodic markers – in contrast, did track their 

accuracy: children used more uncertain expressions, posture, and prosody, when they answered 

incorrectly. This divergence may be because, while children’s explicit metacognitive judgments 

are influenced by external task demands – like the “wishful” desire to appear competent 

(Schneider, 1998) – their disfluency may not be. For example, a follow-up to Krahmer & Swerts 

(2005) found that older children’s (11-year-olds, but not 8-year-olds) explicit feeling of knowing 

ratings were sensitive to social context (collaborative vs. competitive), their verbal disfluency, in 

contrast, was not (Visser et al., 2014), suggesting this implicit measure is insensitive to social 

and task demands. It is possible that in using a response format that facilitates metacognitive 

judgments in younger children, one that does not allow them to respond “very confident” on 

every trial, we may no longer observe the dissociation between preschoolers’ verbally reported 

confidence ratings and behavioral cues to certainty (Hübscher et al., 2019) 

Alternatively, it may be that disfluency will track the accuracy of their responses better 

than any form of explicit judgment, even after adjusting the metacognitive judgment paradigm. It 

may be that disfluency is simply a better window into children’s metacognition than their self-
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reports and will track the accuracy of their responses better than the explicit judgments, across 

paradigms. To arbitrate between these accounts, again, it is essential to employ a metacognitive 

judgment task that gives children the best opportunity to demonstrate their metacognitive 

knowledge: one that removes task demands, like the ability to respond overconfidently. It is 

possible that, when given a task that facilitates accurate metacognitive judgments, we will find 

that disfluency and explicit judgments will both track the accuracy of their response 

To summarize: verbal disfluencies have been consistently associated with explicit 

confidence judgements in adults, both in production and comprehension. But the developmental 

question of when children produce disfluencies to signal something about their confidence 

remains underexplored, especially in preschoolers, and typically confounds multiple types of 

disfluency markers and utilizes metacognitive measures that are prone to bias. By taking a more 

fine-grained approach at measuring both disfluencies and metacognition, we can better 

understand if even young children have a robust association between disfluency and their 

confidence judgements and the degree to which the overlap between the two might strengthen 

with age.  

 

The present study.  

In this thesis, I explore how children’s verbal disfluency relate to their explicit 

metacognitive judgments of certainty and to the actual accuracy of their responses. Put 

differently, I examine whether produced disfluencies are an implicit measure of confidence (do 

they correlate with probability of success?) and how they relate to explicit measures of 

confidence. I adapt the method of Smith & Clark (1993) to be appropriate for young children, 

like Krahmer & Swerts (2005) – extending these investigations to English-speaking kids. I also 



 

 

 

15 

separate various types of disfluencies to examine whether children generate and use them in 

distinct ways.  

I adapted the mode of confidence judgment: rather than asking children to estimate the 

likelihood they would recognize the correct answer, I gave them a forced-choice metacognitive 

judgment task that maximizes their success, and minimizes the social pressures and task 

demands that may underlie children’s overconfident evaluations of their metacognition. A 

forced-choice task – wherein we ask children two questions, and then ask them which of the two 

was their better answer – does not allow kids to respond overconfidently, as they must reason 

about which of their answers was, relatively, more likely to be correct. In other words, they 

cannot respond “very certain” on every trial (Baer et al., 2021). In removing children’s 

overconfidence bias, children’s metacognitive judgments using a relative, forced-choice task 

may better track their accuracy than using a standard Likert scale. Indeed, in a range of tasks, 

children’s relative judgments of confidence tracked their accuracy (Baer et al., 2018, 2021; Baer 

& Odic, 2019, 2020; Butterfield et al., 1988). Thus, this relative measure of confidence 

maximizes the possibility that children’s disfluency will correlate with their metacognitive 

judgments and will allow us to further assess whether implicit or explicit cues provide a better 

measure of children’s metacognition.  

I also changed the questions children are asked: not only making them more accessible to 

children (e.g., “what do cows eat?” instead of “what is the capital of Chile?”), but also including 

various question types (numerical comparison, animal identification, and animal fact questions). 

Notably, some of these question types are open-ended questions, while others are binary choices, 

allowing me to also examine if disfluencies function differently for memory retrieval versus 

perceptual decision-making. I also varied the difficulty of the questions asked in effort to induce 



 

 

 

16 

a range of certainty and confidence in children (See Tables 10 and 11 in the Appendix for a list 

questions and answers, and accuracy rates). 

Together, I focus on four primary questions, and additionally provide several exploratory 

analyses and suggestions for future work: 

(1) Do English-speaking preschool-aged children produce verbal disfluencies and, if so, 

what kinds? 

(2) Do disfluencies that children produce relate to the accuracy of their responses? In 

other words, could disfluencies be an implicit measure of confidence states? I can 

answer this question not just by examining general disfluency production across 

correct versus incorrect answers, but also further looking into whether specific types 

of disfluencies are better or worse markers of accuracy.  

(3) Do disfluencies that children produce relate to the explicit confidence in their 

responses? This question is especially important in younger children, as previous 

work has suggested dissociations (Hübscher et al., 2019; Visser et al., 2014), but may 

have confounded metacognitive sensitivity for bias.  

(4) Are disfluencies a better predictor of accuracy than explicit confidence judgements, 

even when controlling for bias? Answering this question would not only help future 

developmental psychology work methodologically (e.g., by allowing for the 

collection of metacognitive data in the absence of any explicit confidence 

judgements), but would also be relevant for many theories of metacognition that posit 

that the perception of (dis)fluency informs explicit feelings of confidence (e.g., Alter 

& Oppenheimer, 2009; Koriat, 1993).  

  



 

 

 

17 

Methods 

Participants. Sixty children ages 5 to 8 years-old participated in the study, with 15 

children in each age group (5;0 - 5;11, M = 5.42 years, 6;0 - 6;11, M = 6.40 years, 7;0 - 7;11, M 

= 7.43 years, 8;0 – 8;11, M = 8.51 years). We selected this age range as children ages 5-and-up 

can reliably report their metacognitive awareness. Given this study involved understanding and 

answering questions in English, participants were required to hear at least 50% English in their 

daily life – validated by parent report via an online form. An additional 13 participants were 

tested but were excluded from the analyses. We excluded 8 participants due to oversampling – 

we tested more participants than pre-registered – the first 8 participants were removed prior to 

analysis. Other reasons for exclusion include failing to complete the experiment (1), responding 

in a language other than English (1), experimenter or equipment error (e.g., the testing session 

was not recorded (2), or the participant’s microphone quality interfered with the recording (1)). 

Children were recruited from the Early Development Research Group database of 

volunteers from the Greater Metro-Vancouver area in British Columbia. Due to the COVID-19 

pandemic, children participated remotely, and were individually tested on a Zoom call with an 

experimenter. Consent was obtained from the parent or legal guardian present at the time of the 

study, and experimenters received verbal assent from children. Participants were compensated 

with a $5 gift card for Amazon or Indigo.  

Stimuli and Design. As the experiment was conducted using Zoom, a video 

teleconference platform, participants completed the study from home on their own computers. 

An experimenter ran a custom Psychopy (Peirce et al., 2019) script via Pavlovia, a website for 

hosting and running online experiments, and shared their screen to display visual stimuli to 

accompany the verbal interview questions.  
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Each participant received the same 5 practice trials to familiarize them with the mode of 

response, followed by 24 test trials in randomized order. The entire procedure lasted between 15 

to 40 minutes, depending on the speed at which the child responded.  

Within a trial, participants were asked two questions, and then were asked to make a 

forced-choice metacognitive judgment regarding which of their two answers was better. We 

included a range of question types (animal fact, animal ID, and numerical comparison; see 

Tables 10 and 11 in the Appendix for the list of practice and test questions) to examine explicit 

metacognitive judgments, and verbal disfluency, across contexts. Animal fact questions required 

children to retrieve fact-based knowledge from long-term memory, animal ID questions asked 

children to name an image of an animal, and numerical comparison questions showed children 

images of non-symbolic dot displays, with spatially separated collections of yellow dots on the 

left side of the screen and blue dots on the right and asked them which of the two sides had more 

dots, the blue or the yellow. We paired these questions so that—within a trial—the children 

answer two questions of the same type (e.g., two animal fact questions). We varied the difficulty 

of these paired questions in an effort to induce a range of certainty in their answers (e.g., within a 

trial, children are asked “What are baby cats called?” and “What are baby swans called?” and are 

then asked which of their two answers they felt most certain about). The difficulty of these 

questions was estimated before the study – we designed our questions so that children received 

the same number of pre-defined “easy”, “mid”, and “hard” questions (see Tables 10 and 11 in the 

Appendix for these questions by bin), and these pre-defined bins were validated post-hoc. While 

the order of the trials was randomized across participants, the question-pairs within trials was 

consistent across participants.  
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Procedures. At the time of the study, participants signed onto a private Zoom room. The 

experimenter reviewed the procedure with the child and their caregiver, before sharing their 

screen. Caregivers confirmed that the stimuli were properly displayed before beginning the 

experiment.  

First, the experimenter explained the procedure to the child: they told the child that they 

would be answering a few different types of questions and emphasized that they child may not 

know the answer to all of them. The experimenter explained that the child should do their best to 

answer even when they are unsure. Then, they proceeded with the first practice trial. The 

experimenter displayed an image of a birthday cake and asked the child how old they are. Then, 

they displayed an image of a stranger, and asked the child how old the stranger is. After the child 

answered both questions, the experimenter introduced the procedure for the forced-choice 

metacognitive judgment. The images of the birthday cake and the stranger were displayed side 

by side. The birthday cake was surrounded by an orange outline, and the stranger by a purple 

outline. The experimenter explained that to “win” this game, the child needed to get a lot of 

questions right, and that to help the kid out, they will allow the child to answer two questions, 

and pick which of the two was their best answer, and they will choose this one for the computer 

to “check”. Then, they asked the child “which of the two questions was their best answer, the one 

you’re really sure you got right – the orange or the purple question?”. The child indicated their 

response verbally by saying “purple” or “orange”, and the experimenter pressed a key to record 

their response for analysis (see Figure 1 for the progression of trials). Then, the child answered 4 

practice trials (see Table 10 in the Appendix for practice questions). All subsequent trials 

followed the same procedure, where the experimenter displayed an image associated with each 

question, then after the child answered both questions in the pair, displayed the pair of images 
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and asked the child to indicate which of the two was their better answer. These practice trials 

were designed to introduce the child to the various types of questions they will be answering at 

test.  

 

Figure 1 

Progression of the trial 
 

 

Following the four practice trials, participants completed the 24 test trials in random 

order (see Table 11 in the Appendix for test questions), following the same procedure outlined 

above. Participants were permitted to skip any questions they did not know the answer to but 

were encouraged to provide their best guess. If the child was reluctant to answer, and did not 

provide a response within 15 seconds, the experimenter reminded them they could take a guess if 

they were unsure. If they did not answer after 30 seconds, the experimenter reminded them that 

they could say I don’t know. If children skipped both knowledge questions (i.e., responded “I 
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don’t know” to both questions), the experimenter omitted the forced-choice metacognitive 

judgment for that trial.  

Coding. Audio was recorded during the testing session, using Zoom’s audio recording 

feature. After testing, coders transcribed using the annotation software ELAN (Lausberg & 

Sloetjes, 2009). Coders transcribed the child’s response using a custom coding template which 

allowed them to record timestamps as well categorize the child’s answer into parts of speech of 

interest, including fillers, incomplete words, hedging phrases, and reinforcing phrases (see Table 

1 for definitions and examples of category). This transcription allowed us to pull count and 

duration measures for each part of speech during analysis.  

 

Table 1  

Coding scheme for transcribing in ELAN  
 

 
Part of 
Speech 

 

 
Definition 

 
Examples 

Word Any real speech that is part of the child’s 
answer, not otherwise captured by our 
coding scheme 

“dog”; “pink”; “the yellow side” 

Hedge 
Phrases 

Words or phrases which express 
uncertainty or hedging 

“I think”; “maybe”; “sort of”; “I 
guess” 

Reinforcing 
Phrases 

Words or phrases which express certainty 
or reinforcing 

“I know”; for sure”; “definitely” 

Filler Non-lexical sounds, filled pauses, or 
interjections 

“um”; “uh”; “eh”; “hmm”; “ah” 

Incomplete 
Word 

Incomplete utterances – e.g, in the cases 
of stuttering or stammering 

“ra-“; “r-“ 

Repeating 
Question 

The child repeats the experimenter’s 
question  

“Which side has more dots?” 

Non-
answer 

Phrases that are used to express a non-
answer 

“I don’t know”; “I have no 
guess”; “pass” 

Animal 
Sound 

Used to tag sounds produced in 
answering “what sound does [animal] 
make?” 

“Roar”; “glub glub”; “grrr” 
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Measures. Beyond the count and duration measures of each part of speech, we post-hoc 

calculate the mean duration of individual items for each part of speech within a trial (e.g., the 

mean length of individual fillers—e.g., ums and uhs—within a trial). We also standardize 

duration variables relative to the total duration of the child’s answer, to see what proportion of 

their answer is devoted to fillers, for example. This standardization assuages concerns that longer 

responses simply allow for more randomly generated disfluency. See Table 2 for a definition of 

each dependent variable included in our analyses and descriptive statistics.  
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Table 2 

Descriptive statistics for all measures. Means are calculated from participant-level averages 
across the experiment.  
 

Measure How we derive this measure Mean 
[95 % CI] 

Association with 
age  

Speech Onset Latency to begin answering (i.e., the 
silent period before which the child 
generates their first word) 

1.67 
[1.44, 1.90] 

r(58)= .21, p= .11 

Speech Offset Time the child finished answering (i.e., 
response time). 

4.24 
[3.64, 4.84] 

r(58)= -.06, p= .66 

Filler Count Count of individual filler terms (within 
an answer) 

.26 
[.20, .31] 

r(58)= -.25, p= .05 

Filler 
Duration 

Cumulative duration of all fillers 
(within an answer) 

.16 
[.12, .20] 

r(58)= -.26, p= .05 

Mean Filler 
Duration 

Filler duration/filler count .57 
[.51, .62] 

r(56)= -.14, p= .29 

Standardized 
Filler 

Duration 

Filler duration/Speech offset .03 
[.02, .04] 

r(58)= -.29, p=.02 

Hedge Count Count of individual hedge phrases 
(within an answer) 

.10 
[.07, .13] 

r(58)= .23, p= .08 

Hedge 
Duration 

Cumulative duration of all hedge 
phrases (within an answer) 

.08 
[.05, .11] 

r(58)= .12, p= .38 

Mean Hedge 
Duration 

Hedge count/Hedge duration .82 
[.64, 1.00] 

r(43)= -.33, p= .03 

Standardized 
Hedge 

Duration 

Hedge duration/Speech Offset .01 
[.01, .02] 

r(58)= .12, p= .36 

Non-answer 
count 

Count of non-answer phrases (within 
an answer) 

.06 
[.04, .08] 

r(58)= -.15, p= .24 

Accuracy Whether their answer was correct. 
0=incorrect, 1=correct. 

.53 
[.51, .56] 

 

r(58)= .52, p<.001 

Confidence 
Choice 

Whether they chose this trial in the 
forced-choice metacognitive judgment. 
0=not chosen, 1=chosen 

.50 NA 
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Results 

How accurate were children’s answers?  

To elicit a range of confidence responses, children must answer a set of questions that 

vary in difficulty, so that they answer some correctly, and others incorrectly. Before we begin to 

examine children’s confidence judgments or their disfluency, therefore, we must look at the 

accuracy of their responses. Children, on average, answered 53.34% of questions correctly, 95% 

CI [50.96, 55.72]. Children’s age correlated with their accuracy r(58)= .52, p<.001. Binning age 

by year, we see a linear increase in accuracy: 5-year-olds answered 46.18% (95% CI [40.90, 

51.45]) of questions correctly, 6-year-olds answered 51.56% (95% CI [47.94, 55.17]) of 

questions correctly, 7-year-olds answered 57.06% of questions correctly (95% CI [51.65, 

62.47]), and 8-year-olds answered 59.48% of questions correctly (95% CI [56.10, 63.85]).  

Recall that we designed questions to vary in difficulty, so that children received an equal 

number of pre-defined “easy”, “mid”, and “hard” questions, and included a range of question 

types (numerical comparison, animal identification, and animal fact) (see Tables 10 and 11 in the 

Appendix for these questions by bin, and accuracy rates for specific questions). A repeated-

measures ANOVA with accuracy as the dependent variable and two factors (Difficulty: 

Easy/Mid/Hard and Task: Numerical Comparison/Animal Identification/Animal Sound) revealed 

a significant main effect of Difficulty: participants provided more accurate answers for easier 

questions (easy: M=90.49%, 95% CI [88.16, 92.82]; mid: M=61.53%, 95% CI [57.14, 65.92]; 

hard: M=8.73%, 95% CI [6.50, 10.95]), F(2,118)=854.35, p<.001, ηp2=0.94) and a main effect of 

Question Type (numerical comparison: M=62.41%, 95% CI [55.82, 69.00]; animal 

identification: M=53.67%, 95% CI [47.88, 59.45]; animal fact: M=44.68%, 95% CI [39.77, 

49.58]), F(2,118)=59.02, p<.001, ηp2=0.50. Furthermore, we observed an interaction between 
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Difficulty (easy, mid, hard) and Question Type (numerical comparison, animal fact, animal ID) 

F(4,236)=80.00 p<.001, ηp2=0.58 (see Table 3). While participants provided overall more 

accurate answers for numerical comparison questions, they also provided the least accurate 

answers for hard questions in this category. This is likely due to differences in the structure of 

these questions: numerical comparison questions are binary choices, and are perceptual in nature, 

as the stimulus itself (the dot display) provides the child with possible answers. This binary 

choice makes these questions easier to answer, except for when neither option is correct: for hard 

numerical comparison questions, both sides of the display have the same number of dots.  

 

Table 3 

Accuracy rates by question type and difficulty bin. 
 

 
Question Type 

 
Difficulty Level 

Easy Mid Hard 

Numerical 
Comparison 

95.56% 
[92.82, 98.29] 

89.33% 
[84.44, 94.23] 

2.33% 
[-0.90, 5.07] 

Animal ID 
 

97.00% 
[94.91, 99.09] 

51.67% 
[45.34, 57.99] 

12.33% 
[7.29, 17.38] 

Animal Fact 
 

78.92% 
[73.90, 83.93] 

43.60% 
[39.64, 49.56] 

11.51% 
[8.32, 14.71] 

 

Do children’s metacognitive judgments using the forced-choice paradigm track accuracy?  

 Next, we addressed whether the forced-choice judgment task is a valid assessment of 

children’s metacognition. If children reliably report their confidence using this task, their 

responses should track the accuracy of their answer: wherein they choose the questions they are 

more likely to have answered correctly in the forced-choice paradigm.  
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A logistic regression with accuracy as the dependent variable and Trial Choice in the 

forced-choice metacognitive judgment as the explanatory revealed a significant effect of Trial 

Choice (z = 21.87, p < .001) with a odds ratio of 4.68 (95% CI [4.08, 5.38]), indicating that 

participants were about 4.5 times more likely to be accurate on the trials they chose (M=72.33%, 

95% CI [68.77, 75.90]) compared to ones they did not (M=35.08%, 95% CI [32.25, 37.92]). This 

was true for all question types: numerical comparison (z=11.12, p<.001, OR=4.87, 95% CI 

[3.70, 6.47]; MChosen trials=81.85%, 95% CIChosen trials [77.43, 86.26]; MNot chosen trials=47.46%, ,95% 

CIChosen trials [44.16, 50.77]), animal identification (z=12.79, p<.001, OR=6.49, 95% CI 

[4.89,8.67]; MChosen trials=75.67%, 95% CIChosen trials [70.74, 80.60]; MNot chosen trials=33.31%, 95% 

CIChosen trials [28.06, 38.59]), and animal fact (z=13.11, p<.001, OR=3.83, 95% CI [3.13, 4.69]; 

MChosen trials=62.52%, 95% CIChosen trials [57.73, 67.32]; MNot chosen trials=30.63%, ,95% CIChosen trials 

[26.46, 34.81]). 

To determine any age-related effects – as metacognitive judgments may improve and 

become more accurate with development – we looked to individual differences in metacognitive 

sensitivity. For each participant, we calculated the percent of trials where they chose the 

objectively easier trial in the pair (as in Baer & Odic, 2019). Metacognitive sensitivity and age 

were moderately correlated (r(58)=0.42, p<.001) suggesting metacognitive sensitivity increased 

with age, consistent with prior work (Baer & Odic, 2019).  

 

Do children produce verbal disfluency? 

Children produced a range of disfluency across the experiment. Two children produced 

no non-lexical disfluency at all (i.e., used a hedge phrase but no fillers), but most children did 

use disfluency when answering our questions (Fillers: range= 0-70, M=16.58 , 95% CI [12.92, 
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20.24; Hedges: range= 0-24, M=6.57, 95% CI [4.61,8.52]). See Table 12 in the Appendix for 

individual differences in the amount of disfluency. The number of filler disfluencies across the 

experiment and age were moderately negatively correlated (r(58)= -.25, p= .05), suggesting that 

older children produced less filler disfluency than younger children. Children also produced 

various token forms of disfluencies and hedges. Most commonly, children used fillers “um”, 

“uh”, and “mmm” and hedges “I think” and “like”. See Tables 4 and 5 for the count of individual 

disfluency and hedge tokens, across children, and across the experiment.  

 

Table 4 

Count of individual filler tokens, across participants and the duration of the experiment.  
 

Filler N 
uh 390 
um 249 

mmm 177 
hmm 45 
ooh 13 
eh 11 
ah 11 

sigh 8 
ugh 4 
huh 3 
em 2 
ay 2 
er 2 

yep 1 
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Table 5 

Count of individual hedge tokens, across participants and the duration of the experiment.  
 
  Hedge N 

I think 113 
like 36 

maybe 21 
kind of 15 

probably 12 
ish 7 

could be 2 
or something 2 

Sort of 1 
I guess 1 

it's either 1 
 

 

 Next, we assessed whether disfluency rates differed across question types (numerical 

comparison, animal identification, animal fact). If children produced differing amounts of 

disfluency across question types, then this would warrant separate analysis for each question 

type. However, a one-way ANOVA with disfluency count as the dependent variable and 

Question Type as a factor revealed no significant effect of Question Type, F(2,118)=2.68, p = 

.07, ηp2=0.04.  

 

Do children’s verbal disfluencies track their accuracy?  

Subsequently, we determined how children’s verbal disfluencies related to the accuracy 

of their response. We performed a series of logistic regressions to examine the effects of all our 

measures of disfluency in predicting accuracy (see Table 2 for definitions of measures). We 

observed a similar pattern across all measures—excepting mean hedge duration: children 
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produced more fillers and hedges in answering questions incorrectly. Furthermore, they took 

longer to provide incorrect answers, evidenced by speech onset (see Table 6). 

 

Table 6 

Disfluency rates by accuracy. 
 

Measure Correct 
Answers 

Incorrect 
Answers 

Stats 

Filler Count .17 
[.13, .21] 

.36 
[.28, .44] 

z=-9.56, p<.001, OR=0.54, 95% CI [.47, .61] 

Filler Duration .09 
[.07, .12] 

.23 
[.17, .29] 

z=-10.30, p<.001, OR=.35, 95% CI [.29, .43] 

Mean Filler 
Duration 

.57 
[.50, .65] 

.58 
[.52, .64] 

z=-3.92, p<.001, OR=.39, 95% CI [.24, .62] 

Standardized 
Filler Duration 

.02 
[.02, .03] 

.04 
[.03, .05] 

z=-7.32, p<.001, OR=.03, 95% CI [.01, .06] 

Hedge Count .05 
[.03, .07] 

.17 
[.12, .22] 

z=-7.77, p<.001, OR=.44, 95% CI [.36, .54]  

Hedge Duration .04 
[.02, .06] 

.13 
[.07, .18] 

z=-6.30, p<.001, OR=.48, 95% CI [.38, .60] 

Mean Hedge 
Duration 

.81 
[.55, 1.08] 

.81 
[.63, .99] 

z=-.90, p=.37, OR=.85, 95% CI [.56,1.25] 

Standardized 
Hedge Duration 

.01 
[.00, .01] 

.02 
[.01, .03] 

z=-5.48, p<.001, OR=.03, 95% CI [.01, .10] 

Speech Onset 1.19 
[1.03, 1.36] 

2.29 
[1.92, 2.65] 

z=-12.90, p<.001, OR=.76, 95% CI [.73, .79] 

 
 
 Next, to assess the cumulative effects of various measures, we performed a logistic 

regression that includes several measures of disfluency. Given count, duration, mean duration, 

and standardized duration measures are not independent, we selected standardized duration as 

our primary variable of interest. A series of hierarchical logistic regressions revealed that a 

cumulative disfluency model (including standardized filler duration, standardized hedge 
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duration, and speech onset as explanatory variables) best fit our data, and jointly predicted 

accuracy significantly better than any of them did independently (see Table 7). 

 

Table 7  

Hierarchical logistic regression comparison. A cumulative model of disfluency best fit our data.  
 
 Model 1 Model 2 Model 3 
Standardized 
Disfluency 
Duration 

z=-7.32, p<.001, 
OR=.03, 95% CI [.01, 
.06] 

z=-7.16, p<.001, 
OR=.03,  
95% CI [.01, .07] 

z=-8.12, p<.001, 
OR=.02,  
95% CI [.01, .05] 

Standardized 
Hedge 
Duration 

 z=-5.31, p<.001, 
OR=.04,  
95% CI [.01, .11] 

z=-5.57, p<.001, 
OR=.02,  
95% CI [.01, .10] 

Speech Onset    z=-13.37, p<.001, 
OR=.75,  
95% CI [.72, .78] 

 ∆𝐀𝐈𝐂 0 36.13 246.20 
 
 

Do children’s verbal disfluencies track their metacognitive awareness? 

 To assess how disfluency tracks explicit metacognitive judgments, we performed a series 

of Welch’s t-tests (given unequal variances) to examine all our measures of disfluency across 

chosen and not-chosen trials in the forced-choice metacognitive judgment. Again, we observed a 

similar pattern across all measures – children produced more fillers and hedges, and took longer 

to begin answering, during the trials they did not choose in the forced-choice comparison (see 

Table 8).  
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Table 8 

Disfluency rates by explicit metacognitive judgment (chosen vs. not chosen trials in the forced-
choice comparison) 
 

Measure Chosen 
Trials 

Not-
chosen 
Trials 

Stats 

Filler Count .19 
[.14, .24] 

.32 
[.25, .39] 

t(3614.2)=6.89, p<.001, d=0.22 

Filler Duration .11 
[.08, .14] 

.21 
[.16, .26] 

t(3589.2)=7.56, p<.001, d=0.24 

Mean Filler 
Duration 

.55 
[.49, .60] 

.66 
[.55, .66] 

t(631.41)=3.40, p<.001, d=0.25 

Standardized 
Filler Duration 

.02 
[.01, .03] 

.04 
[.03, .05] 

t(3585)=6.51, p<.001, d=0.21 

Hedge Count .06 
[.04, .08] 

.15 
[.10, .19] 

t(3291.5)=6.78, p<.001, d=0.22 

Hedge Duration .04 
[.02, .06] 

.12 
[.07, .17] 

t(3002.8)=6.69, p<.001, d=0.22 

Mean Hedge 
Duration 

.73 
[.51, .94] 

.85 
[.66, 1.04] 

t(173.73)=2.08, p=.04, d=0.25 

Standardized 
Hedge Duration 

.01 
[.00, .01] 

.02 
[.01, .03] 

t(3281)=5.14, p<.001, d=0.17 

Speech Onset 1.40 
[1.22, 1.62] 

1.94 
[1.67, 2.24] 

t(3527.6)=7.38, p<.001, d=0.24 

 
  

What is the best measure of children’s metacognition?  

 Finally, we assessed whether disfluency predicts accuracy over and above their explicit 

confidence judgments. Recall that we observed children’s explicit metacognitive judgments 

predicted the accuracy of their responses, as did their disfluency (see Table 6). First, we 

compared which of these two models best fit our data, using AIC model comparison AICdisfluency 

model - AICmetacognitive judgment model=151.57, thus suggesting that disfluency predicts accuracy better 

than children’s metacognitive judgments (disfluency model: zstandardized filler duration=-8.12, p<.001, 

OR=.02, 95% CI [.01, .05]; zstandardized hedge duration=-5.57, p<.001, OR=.02, 95% CI [.01, .10]; 
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zspeechonset =-13.37, p<.001, OR=.75, 95% CI [.72, .78]; metacognitive judgment model: ztrial 

chosen=21.87, p < .001, OR=4.68, 95% CI [4.08, 5.38]). 

 Next, we performed a logistic regression to assess the cumulative effects of disfluency 

and explicit metacognitive judgments in predicting accuracy, entering trial chosen, standardized 

filler duration, standardized hedge duration, and speech onset as predictor variables (ztrial 

chosen=19.68, p < .001, OR=4.22, 95% CI [3.66, 4.87]; zstandardized filler duration=-6.55, p<.001, 

OR=.03, 95% CI [.01, .09]; zstandardized hedge duration=-4.67, p<.001, OR=.06, 95% CI [.02, .19]; 

zspeechonset =-11.99, p<.001, OR=.76, 95% CI [.73, .80]). This final model revealed a significantly 

better fit, suggesting that disfluency and metacognitive judgments jointly predict accuracy better 

than either measure alone (AICmetacognitive judgment model - AICmetacognitive judgment and disfluency combined 

model=255.77; AICdisfluency model - AICmetacognitive judgment and disfluency combined model=407.34). 

 

Exploratory Analyses 

Disfluency rates across answers and non-answers.  

To assess whether disfluency rates differ across answered and unanswered questions (i.e., 

questions children responded “I don’t know” to), we performed a series of t-tests across 

answered and unanswered questions. We observed a significant effect of answer type: kids 

produced more fillers during questions they ultimately provided no answer for (see filler count 

and duration, table 9). The duration of individual fillers, however, was longer for answered 

questions compared to unanswered ones, as was the cumulative and standardized duration of 

hedge phrases (see table 9).  
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Table 9 

Disfluency rates by answer type (answered vs. unanswered trials) 
 

 
Measure Answered 

Trials 
Unanswered 

Trials 
Stats 

Filler Count .24 
[.19, .30] 

.55 
[.34, .76] 

t(210.71)=-3.09, p=.002, d=0.34 

Filler Duration .16 
[.12, .19] 

.29 
[.17, .42] 

t(211.95)=-2.21, p=.03, d=0.22 

Mean Filler 
Duration 

.59 
[.53, .64] 

.51 
[.40, .62] 

t(68.87)=2.65, p=.01, d=0.34 

Standardized 
Filler Duration 

.03 
[.02, .04] 

.03 
[.02, .03] 

t(221.37)=-.47, p=.64, d=0.04 

Hedge Count .10 
[.07, .13] 

.12 
[.00, .24] 

t(229.41)=1.28, p=.20, d=0.08 

Hedge Duration .08 
[.05, .11] 

.07 
[.01, .13] 

t(268.89)=2.34 p=.02, d=0.11 

Mean Hedge 
Duration 

.82 
[.64, 1.00] 

.70 
[.28, 1.12] 

t(9.65)=1.43, p=.18, d=0.28 

Standardized 
Hedge Duration 

.01 
[.01, .02] 

.00 
[.00, .01] 

t(897.41)=7.43, p<.001, d=0.17 

Speech Onset 1.66 
[1.43, 1.89] 

1.97 
[1.37, 2.57] 

t(212.78)=-1.66, p=.10, d=0.17 

 

 

Individual differences in non-answer rates.  

 Although we encouraged participants to guess when they were unsure, children varied in 

their willingness to guess. Some children, when they did not know the answer to a question, 

would take a guess, or describe adjacent concepts (e.g., one child, when identifying an axolotl, 

responded “I think it’s a chamele-, a funny chameleon with, uh, spikes on its sides”). Other 

children would answer “pass” or “I don’t know”. Thus, participants differed in their rate of non-

answers (see Table 12 in the Appendix for individual differences in the rate of non-answer 

phrases. Note that, for these analyses, we collapse non-answer phrases into a binary score within 
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individual trials, i.e., “I don’t know, pass”, although two non-answer phrases, is one non-

answer). Given the differences in disfluency rates and non-answers, we might find that 

individual differences in participants non-answer rate predicts their amount of disfluency across 

the experiment. A series of regressions revealed that individual differences in non-answer rate 

predicted individual differences in speech onset: children who answered fewer questions took 

longer to begin answering, R2=.07, F(1,51)=3.96, 𝛽=1.47, p=.05. No effects of non-answer rate 

were observed for our other measures of disfluency (filler count: R2=.01, F(1,58)=.87, 𝛽=.27, 

p=.36; filler duration: R2=.02, F(1,58)=1.23, 𝛽=.18, p=.27; mean filler duration: R2=.04, 

F(1,56)=2.17, 𝛽=.60, p=.15; standardized filler duration: R2=.009, F(1,58)=.50, 𝛽=.03, p=.48; 

hedge count: R2=.001, F(1,58)=.04, 𝛽=.10, p=.84; hedge duration: R2=.001, F(1,58)=.07, 𝛽=.08, 

p=.79; mean hedge duration: R2=.001, F(1,43)=.03, 𝛽=.83, p=.86; standardized hedge duration: 

R2=.001, F(1,58)=.06, 𝛽=.01, p=.81).  

 

Gender effects. 

A series of t-tests on all our measures of disfluency revealed effects of gender for filler 

count and duration, and hedge count. Girls, on average, produced more and longer fillers than 

boys (filler count; girls: M=0.29, 95% CI [.20, .37], boys: M=0.21, 95% CI [.15, .28]; t(3431.9)= 

-3.52, p <.001;  filler duration; girls: M=0.17, 95% CI [.11, .23], boys: M=0.14, 95% CI [.09, 

.19]; t(3691.4)= -2.43, p=.02; and more hedges (hedge count; girls: M=0.12, 95% CI [.07, .17], 

boys: M=0.08, 95% CI [.04, .12] t(3553.4)= -2.61, p=.000; hedge duration; girls: M=0.09, 95% 

CI [.03, .15], boys: M=0.06, 95% CI [.02, .10] t(3353.6)= -2.43, p=.02) 

 

Um/uh distinction.  
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Recall that Smith & Clark (1993) found a distinction between “um” and “uh”: 

participants used “uh” to signal short delays, and “um” for longer ones. Thus, we examine the 

length of the pause following “ums” and “uhs”. A t-test revealed an insignificant trend toward 

longer pauses following “ums” (M=1.50, 95% CI [.83,2.17]) than “uhs” (M=0.95, 95% CI [.47, 

1.44]), t(237.75)=1.90, p = .06, d=0.22. 
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Discussion 

This study sought to examine the relationship between produced verbal disfluency and 

confidence in young children. We asked children questions about animals and number and 

looked at how their disfluency relates to the objective accuracy of their response and their 

subjective explicit ratings of confidence. We found that children produced more disfluency when 

they answered questions incorrectly, and when they indicated feeling less confident. I will 

discuss these results with respect to the four primary research questions from the introduction.  

 

(1) Do English-speaking preschool-aged children produce verbal disfluencies and, if 

so, what kinds? 

Excepting two participants, all children in our study produced non-verbal disfluency in 

answering our questions. There were individual differences in the amount of disfluency children 

produced, however: kids produced between 0 and 70 fillers, and between 0 and 24 hedge phrases 

across the experiment (see Table 12 in the Appendix). These individual differences were 

partially predicted by gender: girls, on average, produced more fillers and hedges than boys, as 

well as age. We observed a decrease in filler disfluencies with age: older children produced less 

fillers than younger children. It is possible that this is because older children have more practice 

using language, and therefore are simply more fluent speakers. Alternatively, it is possible that 

this age-related decrease in disfluency is a consequence of the age-related increase in accuracy. 

Given that older children provided more accurate answers, and that the rate of disfluency tracks 

the accuracy of children’s responses, then it follows that older children who produce more 

accurate answers would also produce less verbal disfluency. 
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However, while fillers decreased with age, hedge phrases increased, suggesting older 

children may more often explicitly mark uncertainty in their answers. This is similar to Catalan-

speaking children, who used implicit prosodic and gestural cues before lexical markers 

(Hübscher et al., 2019). This suggests that – although we observed both fillers and hedges to 

predict the accuracy of children’s answers, as found in adults (Smith & Clark, 1993) – hedges 

may not always be developmentally appropriate. For the younger children in our sample (5-year-

olds) non-lexical disfluencies may be a more ecologically valid measure than hedges. In other 

words, looking at hedges alone may be an insufficient measure of uncertainty for children under 

5.  

Children produced a range of token disfluency terms, too, though most commonly they 

used non-lexical fillers “um” and “uh” (see Table 4), much like English-speaking adults (Smith 

& Clark, 1993). While children also used hedges, although at an overall lower rate than they 

used fillers, as found in Smith & Clark (1993), they used different token hedge phrases than 

adults did. Adults often hedged their answers with “I guess”, but this was rather uncommon in 

children’s speech. Children most frequently used “I think” to hedge their answers (see Table 5). 

In a previous case study of the acquisition of mental verbs, one child used “think” to express 

mental state functions prior to “guess” (Shatz et al., 1983). It is possible that “I think” is 

therefore acquired prior to other hedge phrases, however, given that this prior study relied on a 

longitudinal observation of only one child, future work is needed to determine the 

generalizability of these results.  

To further evaluate whether children use disfluencies like adults, we assessed whether 

they differentiate between individual non-lexical filler terms “um” and “uh”. Recall that Smith 

and Clark (1993) observed that participants reliably used “um” to signal longer delays an “uh” to 
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signal short pauses. We found that children did not differentially use “um” and “uh” as reliably: 

we observed an insignificant trend toward longer pauses following “ums” compared to “uhs” 

(see exploratory analyses in the Appendix). Similarly, Hudson Kam and Edwards (2008) found 

that younger children than those in the present study—3- and 4-year-olds—did not use “um” and 

“uh” to signal different degrees of disruption. The authors propose that this semantic 

differentiation may occur with further learning and development, wherein children learn the 

unique meaning of “um” and “uh” with experience (Hudson Kam & Edwards, 2008). Indeed, it 

is possible that our trend toward longer pauses following ums reflects age-related changes: that 

the older children in our sample—5-to-8-year-olds—have begun to differentiate between “ums” 

and “uhs”, but more work is necessary, with a larger age range, to determine this developmental 

trajectory.  

Alternatively, it is possible that this is not a semantic distinction that needs to be learned. 

While some argue that this difference in the length of pauses necessitates that fillers function like 

any other word: that we selectively use “um” to signal a greater challenge compared to “uh”, it is 

possible that this association is a natural consequence of speech production. An “um” can be 

considered simply an “uh” with an “m” attached to the end. It is possible that a longer pause 

provides us greater time to terminate an “uh” with an “m”. Indeed, while the length of pauses 

differs following “ums” and “uhs” (Smith & Clark, 1993), Brennan & Williams (1995) did not 

find that these contrast in speech perception: the presence of an “um” relative to an “uh”, 

controlling for the length of pauses, did not influence participants’ ratings of another’s knowing. 

This suggests that we do not explicitly differentiate between the semantic meaning of “um” and 

“uh”, evidence against accounts which view fillers as morphemes (e.g., Clark & Fox Tree, 2002). 
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More studies on young children’s perception of disfluency are needed to determine whether 

children distinguish between the meaning of “um” and “uh”.  

 

(2) Do disfluencies that children produce relate to the accuracy of their responses? 

In other words, could disfluencies be an implicit measure of confidence states? 

We found that children took longer to begin answering and produced more disfluencies 

when providing objectively incorrect answers compared to correct ones, aligned with results 

among Dutch- (Krahmer & Swerts, 2005; Visser et al., 2014) and Catalan-speaking (Hübscher et 

al., 2019) children. This was true across all but one of our measures of disfluency—mean hedge 

duration (although, note that other hedge variables—hedge count, hedge duration, and 

standardized hedge duration—did track the accuracy of children’s response). It is possible that 

lexical disfluencies are less often manipulated by phonological devices like sound stretch 

compared to non-lexical items. Accordingly, the duration of individual hedge tokens may be 

overall less variable than individual filler tokens, for example.  

 For all other indices of disfluency, however—filler count, filler duration, mean filler 

duration, standardized filler duration, hedge count, hedge duration, standardized hedge duration, 

and speech onset—means were higher for inaccurate answers compared to accurate ones. 

Notably, this suggests that children not only took longer to begin answering, and produced more 

fillers and hedge phrases, but also that they produced longer individual fillers when they felt less 

confident.  

Thus, it appears that various types of disfluencies can all be considered markers of 

accuracy: it does not appear that either hedges, fillers, or pauses should be considered better or 

worse indices. These various disfluencies, however, should not be considered simply 



 

 

 

40 

confounding measures: while they all track accuracy similarly, a logistic regression including 

several categories of disfluency (standardized filler duration, standardized hedge duration, and 

speech onset) predicted accuracy significantly better than any measure did independently, and 

confirmed that these variables were not collinear. 

In sum, it does appear that disfluencies could be an implicit measure of confidence states 

in children. Furthermore, that we observed this effect across all our measures of disfluency 

suggests that future work should consider all categories of disfluencies—fillers, hedges, and 

pauses—as an index of the probability of success. 

 

(3) Do disfluencies that children produce relate to the explicit confidence in their 

responses?  

If disfluency can be considered an implicit measure of confidence, how do they relate to 

children’s explicit ratings of confidence? This question is particularly interesting in younger 

children, as previous work has suggested dissociations between disfluency and explicit 

metacognitive judgments (Hübscher et al., 2019; Visser et al., 2014), but given these tasks relied 

on Likert scale tasks which allow children to respond “very confident” on every trial, these 

paradigms may have confounded metacognitive sensitivity for bias.  

Instead, we used a forced-choice task that removes children’s ability to repond 

overconfidently. We found that children could reliably report their metacognition using this task: 

they were significantly more accurate on the trials they chose in the forced-choice metacognitive 

judgment relative to the trials they did not choose, aligned with prior work using this paradigm 

(Baer et al., 2018, 2021; Baer & Odic, 2019, 2020; Butterfield et al., 1988). This was true for all 
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of our different question types (numerical comparison, animal identification, animal fact), 

suggesting this method is appropriate for assessing confidence across domains. 

Using a task that controls for bias, we found that, across all our measures of disfluency—

filler count, filler duration, mean filler duration, standardized filler duration, hedge count, hedge 

duration, mean hedge duration, mean standardized hedge duration, and speech onset—disfluency 

tracked their forced-choice decisions. Children produced more disfluency on trials that they did 

not choose in the forced-choice metacognitive judgment, relative to the trials they chose.  

While Krahmer and Swerts (2005) observed a similar effect in Dutch-speaking children, 

they found that children did not reliably use fillers to mark their uncertainty: there were no 

significant differences in children’s FOK ratings in the presence/absence of fillers. The children 

in our study, however, did use fillers to mark their uncertainty, much like adults (Smith & Clark, 

1993). This discrepancy may reflect cross-linguistic differences in children’s use of disfluency, 

or methodological limitations of the Likert scale metacognitive judgment task of Krahmer and 

Swerts (2005). 

 

(4) Are disfluencies a better predictor of accuracy than explicit confidence 

judgements, even when controlling for bias?  

Both children’s explicit metacognitive judgments and their disfluency tracked the 

accuracy of their response, but our series of models showed that disfluency better predicted 

accuracy than their explicit judgments of confidence. Furthermore, disfluency accounted for 

additional variance over and above confidence judgments alone. In other words, children’s 

accuracy was best predicted by a combination of confidence judgments and verbal disfluency. 

This suggests that, even when controlling for bias, and using a metacognitive judgment task that 
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facilitates reports for younger children, implicit measures may serve as a better window into 

children’s confidence than explicit ratings. Thus, future work should consider assessing 

disfluency, rather than explicit judgments, as a measure of children’s metacognition.  

 Other implicit measures of metacognition, such as opting out of difficult trials (Balcomb 

& Gerken, 2008; Bernard et al., 2015; Ghetti et al., 2013; Lyons & Ghetti, 2013), facial 

expression (van Amelsvoort et al., 2013), or eye-tracking (Paulus et al., 2013), have been 

increasingly favored over explicit measures for children of this age, as these implicit measures 

are less susceptible to response biases, like children’s overconfidence or “wishful thinking” 

(Schneider, 1998). Disfluency may provide an even better implicit measure, however, as it can 

be combined with nearly any method in psychology that relies on verbal report, and is more 

accessible than eye-tracking or facial expression methods, which require complex technologies 

(i.e., eye-trackers or automated facial expression recognition software) or behavioral coding of 

facial expression, which is subjective and open to individual interpretation. Given advances in 

machine-learning speech recognition and coding technology, there is a high chance that future 

work could code disfluency automatically through these models.  

 Furthermore, this line of work can clarify the directionality between disfluency and 

explicit metacognition. Some views hold that metacognition is the perception of (dis)fluency: 

that we determine our level of confidence, explicitly, by how easily the information is retrieved 

from memory—or the perception of “cognitive fluency” (Alter & Oppenheimer, 2009; Koriat, 

1993). Verbal disfluencies may play a similar role in metacognition: we may, for example, 

monitor our speech for the presence of “ums” and “uhs” to explicitly determine our level of 

confidence. The observed association between children’s disfluency and their metacognitive 

judgments may be interpreted as support for this theory across development.  
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However, given prior work showing that children’s disfluency can dissociate from their 

explicit metacognitive judgments (Hübscher et al., 2019; Visser et al., 2014), there is reason to 

suspect that one is not directly derived from the other. Explicit metacognitive judgments may be 

greater influenced by external task demands, like children’s “wishful thinking”  (Schneider, 

1998), compared to verbal disfluency. Indeed, in one study, 11-year-old children made more 

high confident metacognitive judgments in competitive compared to collaborative contexts, 

suggesting they attempt to signal to others that they are well-matched competitors (Visser et al., 

2014). Their verbal disfluency, in contrast, was not influenced by social context, and thus this 

implicit measure was less manipulable by social and task demands. If explicit judgments, but not 

verbal disfluency, are influenced by social context, then explicit metacognition is not solely 

determined by perceived disfluency. Future work is needed to examine the effects of social task 

demands on both disfluency and explicit judgments in younger children, determining, for 

example, the influence of experimenter presence on children’s “wishful thinking” (Schneider, 

1998). Furthermore, additional studies should examine the relationship between verbal 

disfluency and prospective confidence ratings: where children provide metacognitive judgments 

prior to answering the question (e.g., asking "which question do you want to answer" instead of 

"which question was your better answer", Baer et al., 2021). If explicit metacognition is 

perceived (dis)fluency, then it follows that children must answer the question before explicitly 

judging their confidence, as in the present study. Under this theory, it is unclear whether we 

would observe a similar pattern using a retrospective metacognitive judgment task.  

In conclusion, we found that children produce disfluency like adults, wherein the 

presence of fillers, hedges, and pauses, correlated with the accuracy of their answers, and related 

to their explicit ratings of metacognition. Furthermore, children’s verbal disfluencies predicted 
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the accuracy of their answers over and above their confidence judgments alone, suggesting that 

future work should consider disfluency as an implicit measure of confidence. Future studies 

should consider examining how verbal disfluency relates to not only explicit ratings of 

confidence, but also other implicit behavioral markers, like posture, facial expression, and eye-

gaze. It would be interesting to assess whether these implicit cues similarly predict accuracy over 

and above explicit judgments. Together, these findings will further our understanding children’s 

developing metacognitive reasoning. 
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Appendix 
 

 
Table 10 

Practice questions by Question Type and Difficulty Bin. “Answer” column indicates the 
accepted answer for each question. Accuracy rates are across children. Accuracy rates are 
binned by ratio for the numerical comparison questions.  
 

Question Type Question Answer Difficulty Bin Accuracy 
Rate 

Age How old are you? 
 

NA Easy 100.00% 

Age How old is this person? NA Hard 0.00% 
Numerical 
Comparison 

Which side has more dots? 
(6 vs. 24) 

24 Easy 96.21% 

Numerical 
Comparison 

Which side has more dots? 
(12 vs. 18) 

18 Mid 89.39% 

Numerical 
Comparison 

Which side has more dots? 
(15 vs. 15) 

Neither Hard 0.00% 

Animal ID What kind of animal is this? Groundhog Hard 10.77% 
Animal ID What kind of animal is this? Squirrel Easy 91.04% 
Animal Fact  What sound does a lion 

make? 
Roar Easy 91.04% 

Animal Fact  What sound does a hyena 
make? 

Hehehe Mid 28.13% 
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Table 11 

Test questions by Question Type and Difficulty Bin. “Answer” column indicates the accepted 
answer for each question. Accuracy rates are across children. Accuracy rates are binned by 
ratio for the numerical comparison questions.  
 

Question 
Type 

Question Answer Difficult
y bin 

Accuracy 

Animal Fact  What are baby dogs called? Puppies Easy 75.76% 
Animal Fact  What are baby cats called? Kittens Easy 77.27% 
Animal Fact  What animal has the longest neck in 

the world? 
Giraffe Easy 79.10% 

Animal Fact  What do cows eat? Grass Easy 81.18% 
Animal Fact  What color is a pig? Pink Easy 84.85% 
Animal Fact  What color is a dolphin? Grey Easy 55.22% 
Animal Fact  What sound does a horse make? Neigh Easy 75.00% 
Animal Fact  What sound does a cat make? Meow Easy 89.55% 
Animal Fact  What are baby swans called? Cygnets Hard 0.00% 
Animal Fact  What are baby llamas called? Cria Hard 1.61% 
Animal Fact  What animal has the longest tongue 

in the world? 
Anteater Hard 13.43% 

Animal Fact  What color is an octopus' blood?  Blue Hard 26.87% 
Animal Fact  What color is a hippo's milk? Pink Hard 16.42% 
Animal Fact  What do blue whales eat? Krill Hard 16.42% 
Animal Fact  What sound does a zebra make? Heehaw Hard 6.25% 
Animal Fact  What sound does a cheetah make? Chirping Hard 7.81% 
Animal Fact  What are baby deer called? 

 

Fawns Mid 7.81% 
Animal Fact  What are baby sheep called? Lambs Mid 38.46% 
Animal Fact  What animal has the biggest ears in 

the world? 
Elephant Mid 60.00% 

Animal Fact  What color is a polar bear's skin 
underneath it's fur? 

Black Mid 43.28% 

Animal Fact  What color is a robin's egg? Blue Mid 34.33% 
Animal Fact  What do koalas eat? Eucalyptus 

leaves 
Mid 59.70% 

Animal Fact  What sound do fish make? Glub glub Mid 68.66% 
Animal Fact  What sound does a dolphin make? Whistle/ 

clicking 
Mid 48.48% 

Animal ID What kind of animal is this? Snake Easy 100.00% 
Animal ID What kind of animal is this? Frog Easy 98.53% 
Animal ID What kind of animal is this? Rabbit Easy 100.00% 
Animal ID What kind of animal is this? Dog Easy 97.01% 
Animal ID What kind of animal is this? Pangolin Hard 10.45% 
Animal ID What kind of animal is this? Capybara Hard 17.91% 
Animal ID What kind of animal is this? Axolotl Hard 14.93% 
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Animal ID What kind of animal is this? Elephant 
shrew 

Hard 7.46% 

Animal ID What kind of animal is this? Ferret Mid 12.12% 
Animal ID What kind of animal is this? Hamster Mid 63.24% 
Animal ID What kind of animal is this? Platypus Mid  
Animal ID What kind of animal is this? Hedgehog Mid 73.13% 
Numerical 
Comparison 

Which side has more dots? (6 vs. 24) 24 Easy 95.45% 

Numerical 
Comparison 

Which side has more dots? (15 vs. 
15) 

Neither Hard 3.03% 

Numerical 
Comparison 

Which side has more dots? (12 vs. 
18) 

18 Mid 88.21% 
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Table 12 

Individual differences in the number of fillers, hedges, and non-answers. 
 

Participant 
Number 

N Fillers N Hedges N Non-Answers 

1 15 4 5  
2 34 7 0 
3 2 3 1 
4 9 23 3 
5 11 0 0 
6 20 2 4 
7 15 16 0 
8 33 4 1 
9 4 1 3 
10 47 13 2 
11 8 2 0 
12 2 0 0 
13 13 0 3 
14 14 21 6 
15 36 2 0 
16 30 6 8 
17 24 19 8 
18 3 8 1 
19 22 21 2 
20 26 23 1 
21 30 24 32 
22 13 0 7 
23 36 4 3 
24 0 4 6 
25 1 0 17 
26 11 16 1 
27 13 4 6 
28 8 21 0 
29 6 4 0 
30 2 1 3 
31 19 1 0 
32 20 4 6 
33 70 20 6 
34 20 0 0 
35 36 0 0 
36 5 7 0 
37 42 2 0 
38 0 1 14 
39 2 4 0 
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40 19 8 4 
41 6 0 3 
42 24 18 6 
43 21 3 0 
44 27 0 3 
45 3 0 1 
46 5 4 7 
47 12 0 0 
48 24 0 11 
49 11 0 3 
50 22 0 0 
51 2 12 1 
52 30 15 9 
53 38 2 8 
54 1 2 0 
55 1 4 22 
56 9 3 2 
57 9 4 4 
58 22 16 2 
59 5 11 2 
60 2 0 6 

 
 

 

 

 

 


