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ABSTRACT

Metacognitive reasoning is central to decision-making. For every decision, we can also judge our trust in that decision, or our
level of confidence. The mechanisms and representations underlying reasoning about confidence remain debated. We test whether
children rely on processing fluency to infer their own confidence: do decisions that come quickly and easily lead to high confidence,
while decisions that are slow and effortful result in low confidence? Using children’s verbal disfluency—fillers (e.g., “umm,”
“uhh”), hedges (e.g., “I think,” “maybe”), and pauses in speech—as an observable index of processing fluency, we assess whether
children’s reports of confidence are a read-out of their verbal disfluency. Five-to-eight-year-olds answered semantic questions
about animals and performed perceptual comparisons, then reported their confidence in their answers in a two-alternative forced-
choice confidence judgment task. Verbal disfluency predicted both answer accuracy and children’s reports of confidence: children
produced more fillers, more hedges, and longer speech onsets during incorrect trials and during low confidence trials. But we also
found a dissociation between fluency and confidence. When examining trials where accuracy and confidence diverge (i.e., correct
but low confidence or incorrect but high confidence trials), we observe no reliable relationship between confidence and fillers
and hedges, and children take longer to begin answering on high confidence trials. We conclude that—in 5-8-year-old-children—
fluency is a reliable tracker of accuracy but not confidence, and that fluency is only predictive of metacognitive judgments in
children when confidence and accuracy are aligned.

2014 for reviews), and that developmental theories in topics
as broad as theory of mind, reading, and problem solving all

1 | Introduction

Representations and decisions are marked by uncertainty. Every-
day judgments like “how many apples are in this bowl?” or “did
I remember to feed the cat?” are accompanied by a subjective
feeling of evidence strength: a sense of belief or trust in our
cognition and decisions (Grimaldi, Lau, and Basso 2015). It is
no surprise, then, that modern theories of decision-making and
learning frequently incorporate estimates of uncertainty into
their models (e.g., see Baer and Kidd 2022; Ma and Jazayeri

require introspection about uncertainty for children to reason in
adult-like ways (Kuhn 2000).

How do we recognize if a thought, memory, or decision is
reliable and trustworthy? The mechanisms and representations
underlying judgments of confidence remain hotly debated (e.g.,
see Rahnev 2021 for a review). One popular idea is that confidence
relies on observing the processing fluency of our own thoughts:
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Summary

* Five-to-eight-year-olds answered questions about animals
and performed numerical comparisons, then rated their
confidence in their answers using a two-alternative forced-
choice.

* Children produced more verbal disfluency (fillers, e.g.,
“umm,” hedges, e.g., “maybe,” and longer pauses) during
answers they judged to be low confidence.

* Despite the correlation between disfluency and confi-
dence, we observed no reliable relationship when separat-
ing trials where accuracy and confidence dissociate.

* Children’s level of confidence is not entirely determined
from the amount of verbal disfluency they produced while
answering.

when ideas, memories, and judgments come quickly and easily,
we are more likely to believe them to be true and reliable
(e.g., Alter and Oppenheimer 2009; Koriat 1993). This theory is
supported by findings that reaction time or experimental manip-
ulations of fluency (e.g., question difficulty, perceptual noise,
and priming) are all reliable correlates of confidence judgments
(Ackerman and Koriat 2011; Alter and Oppenheimer 2009).

Evidence for a link between fluency and confidence also comes
from “verbal disfluency”—fillers (e.g., “umm,” “uhh”), hedge
phrases (e.g., “I think,” “maybe”), and delays and pauses in
speech. For example, Smith and Clark (1993) asked participants
factual questions in a conversational setting (e.g., “in which sport
is the Stanley Cup awarded?”), and after answering each question,
participants used a Likert scale to indicate the likelihood they
would be able to recognize the correct answer. Participants’ con-
fidence judgments tracked their verbal disfluency, they produced
more fillers, more hedges, and took longer to begin answering
on trials where they indicated lower confidence. The broader
theories on fluency and confidence argue that this relationship
is causal: participants introspectively observe the fluency with
which they generate responses and, when it is low, are sub-
jectively less confident in their own answers (e.g., Alter and
Oppenheimer 2009; Koriat 1993).

Children as young as two also show some understanding of the
association between fluency and confidence: toddlers are less
likely to learn from or imitate speakers who produce more verbal
disfluency (Birch, Akmal, and Frampton 2010; Orena and White
2015), suggesting they perceive others’ disfluency as a cue to
unreliability (though see Kidd et al. 2011). Like adults, toddlers
take longer to answer, and shift attention between response
options on trials they ultimately answer incorrectly (Leckey et al.
2020). Krahmer and Swerts (2005) showed that Dutch-speaking
7-8-year-olds produce more verbal disfluency on low confidence
trials (see also Hiibscher, Vincze, and Prieto 2019). Fluency might,
therefore, be a critical and causal cue that both adults and
young children use to determine their own confidence (Geurten,
Willems, and Lloyd 2021; Guttentag and Dunn 2003).

Despite the wealth of data showing a predictive relationship
between verbal fluency and confidence, an important mechanis-

tic question remains. Fluency is itself correlated with a range
of other cognitive processes that themselves may be the actual
causes of confidence judgments. For example, imprecision in
perceptual representations might lead to both high disfluency and
low confidence, but from independent mechanisms—disfluency
may occur while the observer is waiting for evidence to accu-
mulate, but confidence may stem from a retrospective decision
of whether the same choice would be made again (Pleskac and
Busemeyer 2010). Indeed, some theories of metacognition have
suggested that confidence is an accumulation of many separate
cues—representational precision, one’s beliefs about their ability
on the task, estimates of how much attention was paid, and
so forth (Pouget et al. 2016)—all of which may also increase
disfluency, making it correlationally (but not causally) related to
confidence.

Here, we directly examine the relationship between behavioral
correlates of fluency and young children’s (5-8-year-olds) confi-
dence. Fluency was indexed as verbal disfluency, as it can be
easily recorded and quantified with minimal equipment. Verbal
disfluency is also an ideal candidate measure of fluency as it
occurs spontaneously and early in development (Ambrose and
Yairi 1999; DeJoy and Gregory 1985), and is observed cross-
linguistically (Tian, Maruyama, and Ginzburg 2017). Following
Smith and Clark (1993), we chose a broad set of verbal disfluency
cues—fillers (e.g., “umm,” “uhh”), hedge phrases (e.g., “I think,”
“maybe”), and delays and pauses in speech—testing them both
cumulatively and separately.

We aim to isolate fluency from other decision-making processes,
and separate children’s subjective confidence from the objective
accuracy of their answers to evaluate whether fluency is a better
metric of children’s ability to answer, or their belief in their
answers. To help identify trials where confidence and accuracy
dissociate, we rely on a relative confidence task, in which children
are given two questions successively, and then asked to indicate
which of the two questions they are more confident on (Baer and
Odic 2019; Mamassian 2020). The relative task does not require
children to assign a number to their level of confidence in each
individual answer, but instead has them compare two answers
and decide which one they are more confident in. Previous work
has shown this method to be an excellent metric for children’s
confidence decisions that controls for biased responding while
adding minimal cognitive and memory load (Baer, Gill, and
Odic 2018; Baer and Odic 2019, 2020). If verbal disfluencies
are a cue for confidence in children, we should find that they
reliably track their confidence choice: children should choose the
trial on which they produced fewer verbal disfluencies as their
“more confident” answer. This forced-choice design allows us to
especially triangulate on trials where accuracy and confidence
dissociate (“discordant” trials: correct but rejected, and incorrect
but chosen). If verbal disfluencies are a dominant and causal
confidence cue, independent of their relation to answer accuracy,
then we should find that they predict confidence even on trials
where children are discordant. Alternatively, if verbal disfluencies
are an index of accuracy but not metacognition, then they should
predict confidence choice only on “concordant” trials where
accuracy and confidence align.

The relative confidence method also alleviates the common bias
toward overconfidence when using traditional verbal reports and
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Likert scale metacognitive judgment tasks (e.g., Bayard et al. 2021;
Finn and Metcalfe 2014; van Loon et al. 2017). The overconfidence
bias introduces complications in typical studies on fluency and
confidence. For example, in a previous study of disfluency,
Catalan-speaking preschoolers indicated they felt “very sure”
about a majority of answers (Hiibscher, Vincze, and Prieto 2019).
Researchers then observed a dissociation between disfluency
(e.g., body, face, prosodic, and verbal cues) and confidence:
although these children produced more disfluency during trials
they answered incorrectly, they often explicitly reported high
confidence despite producing disfluency. The problem here,
however, is that the dissociation might stem from the tendency
for children to just report high confidence on almost every trial,
reducing the resolution of the data.

We selected 5-to 8-year-olds for this study because children in
this age range can reliably report confidence using the forced-
choice method (e.g., Baer and Odic 2019), and produce a variety
of verbal disfluency. Hiibscher, Vincze, and Prieto (2019) found
developmental change in behavioral signaling of uncertainty:
while children of all ages produced disfluency, 3-year-old children
relied primarily on nonverbal (gestural and prosodic) cues and
fillers (“umm,” “uhh”), and older children recruited a broader
repertoire. By 5 years, children began using lexical markers
of uncertainty, such as hedges (“I think,” “maybe”), though
less frequently than adults, and it is important to note that
their disfluencies largely did not track their reported confidence
(Hiubscher, Vincze, and Prieto 2019). Interestingly, 7-8-year-olds
in Krahmer and Swerts (2005) produced longer speech onsets and
rising intonation on low confidence trials, but they observed no
association between filler disfluencies and confidence. Whether
these older participants favor lexical markers of uncertainty
remains unclear. We therefore further assess the development
of cues to uncertainty, and differences between lexical and non-
lexical disfluency. We separate categories of disfluency (fillers,
hedges, and speech onsets) as independent predictors, and aim to
disentangle these developmental trajectories and their relation-
ship to confidence. Combined with a sensitive, age-appropriate
measure of confidence, this will allow us to determine whether
the divergent findings among 3-5-year-olds of Hiibscher, Vincze,
and Prieto (2019) and 7-8-year-olds of Krahmer and Swerts
(2005) reflect developmental differences in how fluency guides
confidence, or instead methodological artifacts of measures of
disfluency and metacognition.

A final consideration in our design is that fluency-based accounts
are more prominent in meta-memory and meta-reasoning than
in meta-perceptual literatures, and there is recent work that
suggests that confidence sensitivity in these domains may differ
in childhood (Baer, Ghetti, and Odic 2021). If true, it may be
that fluency is a more relevant cue for some kinds of decisions
(like memory and reasoning decisions) than others. We therefore
also include both perceptually-based decisions (“which side has
more dots”; e.g., Halberda and Feigenson 2008) and semantically-
based decisions (“what animal is this” and “what sound does this
animal make”), to investigate whether children use fluency as a
cue differently across domains.

In sum, we adapt Smith and Clark’s (1993) work in adults to
be suited for English-speaking children and examine: (1) how
often 5-8-year-old English-speaking children produce verbal

disfluencies, and what types of disfluencies they produce; (2)
whether their disfluencies reliably predict accuracy for both
semantic- and perceptually-based questions (e.g., “What colour
is a hippo’s milk” and “Which side has more dots?”); (3) whether
their disfluencies predict confidence judgments; and, most
importantly, (4) whether disfluencies predict metacognitive
judgments even when confidence and accuracy dissociate. These
questions are tested in a forced-choice confidence design that
eliminates overconfidence bias while adding minimal cognitive
and memory load, and for both semantic and perceptual
decisions, to examine if fluency acts differently as a marker of
confidence across domains.

2 | Methods
2.1 | Open Data

All the coded data, stimuli, and programs used to collect the
responses are available online at https://osf.io/6g2w4/?view_
only=1d3179c016c2467395aef84f233d59aa. The raw audio record-
ings collected during the study cannot be posted due to privacy
concerns, but the available coded data is a full transcription of
each trial for each participant. The study’s analyses were not
preregistered.

2.2 | 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, SD
= 0.27, 7 boys, 8 girls; 6;0-6;11, M = 6.40 years, SD = 0.31, 7
boys, 7 girls, 1 nonbinary; 7;,0-7;11, M = 7.43 years, SD = 0.23,
11 boys, 4 girls; 8;0-8;11, M = 8.51 years, SD = 0.24, 7 boys, 8
girls). 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 5 participants were tested but were
excluded from the analyses for failing to complete the experiment
(n =1), responding in a language other than English (n = 1), or
due to experimenter or equipment error (e.g., the testing session
was not recorded [n = 2], or the participant’s microphone quality
interfered with the recording [n = 1]). We pilot tested 8 children
to help us develop the task and coding scheme (their data is not
included online or in any of the reported analyses).

Children were recruited from a database of volunteers from
the Greater Metro-Vancouver area in British Columbia. Parents
and/or legal guardians were given the option to self-report demo-
graphic information. Of parent/guardian-reported data (78% of
sample), 16 children were identified as East and Southeast Asian
(27%), 15 as European (25%), 1 as South African (2%), 1 as South
Asian (2%), and 1 as West Asian (2%). An additional 22% were
identified as a combination of East and Southeast Asian and
European (n = 7), European and Australian (n = 1), European
and Canadian/USA (n = 1), European and South Asian (n = 3),
and South Asian and Pacific Islander (n = 1).

The study was conducted during the COVID-19 pandemic.
Because of this, children were individually tested on a private
Zoom video call with an experimenter. The experimenter’s
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https://osf.io/6g2w4/?view_only=1d3179c016c2467395aef84f233d59aa

Relative Confidence Task

What animal
is this?

Mean Accuracy

Accuracy x Confidence x Type

What animal v .
is this? iﬁg o=

Fact ID Comparison

‘ B Rejected 0 Chosen‘

Which was your better answer —
the orange or the purple

question?

FIGURE 1 | (Left) Example of the relative confidence task for an Animal ID question. The first trial is hard (“pangolin”) and the second trial is easy

(“snake”). (Right) Accuracy rates across the three question types, by trial chosen (high confidence) versus trial rejected (low confidence).

camera was turned on for the duration of the experiment,
and caregivers hid their child’s camera self-view to minimize
distraction. Experimenters were trained to not provide any cues or
feedback to the child during the testing session. The experimenter
reviewed the procedure with the child and their parent or
guardian before sharing their screen, and caregivers confirmed
that the stimuli were properly displayed before beginning the
experiment. 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 compen-
sated with a $5 gift card.

2.3 | Stimuli and Design

As the experiment was conducted using Zoom, a video telecon-
ference platform, participants completed the study from home
on their computers. An experimenter ran a custom PsychoPy
(Peirce et al. 2019) script via Pavlovia, a website for host-
ing and running online experiments, and shared their screen
to display visual stimuli to accompany the verbal interview
questions.

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 complete list of questions is available
in the Supplemental Materials (Tables S6 and S7). The practice
trials are excluded from analyses. The entire procedure lasted
between 15 and 40 min, 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 confidence judgment regard-
ing which of their two answers was better (“Which was your
best answer?”) (Figure 1; Baer and Odic 2019; Mamassian 2020).
We included a range of question types (numerical comparison,
animal identification/ID, animal fact) to examine explicit confi-
dence judgments and verbal disfluency across domains. We bin
these into two categories: Perceptual and Semantic. Numerical

comparison questions (Perceptual) showed children images of
nonsymbolic 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. Animal
ID questions (Semantic) asked children to name an image of an
animal, and animal fact questions (Semantic) required children to
retrieve fact-based knowledge from long-term memory. 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 confidence and 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 confident about). The difficulty of
these questions was estimated before the study and confirmed
during pilot testing—we designed our questions so that children
received the same number of predefined “easy,” “medium,”
and “hard” questions, and these predefined bins were validated
post hoc. While the order of the trials was randomized across
participants, the question pairs within trials were consistent.
Children’s responses to the questions were recorded via Zoom
and, as described below, fully transcribed and coded to estimate
various disfluency cues.

2.4 | Procedures

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 the 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.
Each trial began with two colored response boxes on the screen:
an orange box on the left side, and a purple box on the right
(see Figure 1 for a trial schematic). Image stimuli were presented
within the response boxes, and children used the colors to
indicate their confidence decision. Then, the experimenter
proceeded with the first practice trial. They displayed an image
of a birthday cake, surrounded by the orange response box, and
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asked the child how old they are. Then, they displayed an image
of a stranger, surrounded by the purple response box, and asked
the child how old the stranger is. After the child answered both
questions, the experimenter introduced the procedure for the
forced-choice confidence judgment. The images of the birthday
cake and the stranger were displayed side by side. The birthday
cake was again inside the orange response box, and the stranger
inside the purple response box (thereby removing any memory
load of matching question to the color), and children relied on
these colors to verbally indicate their confidence choice. The
experimenter explained that to “win” this game, the child needed
to get a lot of questions right, and that to help the child 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 indi-
cated their response verbally by saying “purple” or “orange,” and
the experimenter pressed a key to record their response. Then,
the child answered 4 additional practice trials. All subsequent
trials followed the same procedure, where the experimenter
displayed an image associated with each question within the
orange/purple response boxes, then after the child answered
both questions in the pair, displayed the pair of images 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 during the test
trials.

After the practice trials, participants completed the 24 test trials
in random order, with intermixed question types, 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
s, the experimenter reminded them they could guess if they
were unsure. If they did not answer after 30 s, the experimenter
reminded them that they could say, “I don’t know.” If the child
ultimately didn’t make a guess and responded with “I don’t
know,” we treated their answer as incorrect. If children skipped
both knowledge questions (i.e., responded “I don’t know” to
both questions), the experimenter omitted the forced-choice
confidence judgment for that trial from any analysis involving
confidence choice (2.43% of all trials).

2.5 | Coding and Dependent Variables

Verbal disfluency cues include speech onset (the delay before a
participant begins answering a question), hedge phrases (e.g.,
“I think,” “maybe”), and fillers (e.g., “umm,” “mmm”; Bortfeld
et al. 2001; Smith and Clark 1993). Consistent with the existing
literature, we chose three primary measures of disfluency: fillers,
hedges, and speech onset time (see Figure 2). Speech onset time
is measured in seconds, while fillers and hedges are measured
as a standardized duration—the total duration in seconds of
fillers/hedges on a trial, divided by the total answer duration (i.e.,
trial duration minus speech onset time), expressed as a percent.
Intuitively, a standardized filler duration of 50% means that half
of the total period the child answered was spent making fillers.
This standardization removes the confound of longer answers—

especially the semantic ones—having more opportunities for
fillers and hedges.

Audio was recorded during the testing session using Zoom’s audio
recording feature. After testing, coders transcribed using the
annotation software ELAN (Lausberg and Sloetjes 2009). Coders
transcribed the child’s response using a custom coding template,
modeled after Smith and Clark’s (1993) coding scheme and
developed in detail using pilot data, which allowed them to record
timestamps as well as categorize the child’s answer into parts of
speech of interest: fillers (e.g., “umm,” “uhh”), incomplete words
(i.e., stammering), hedging phrases (e.g., “I think,” “maybe”), and
reinforcing phrases (e.g., “I know,” “definitely”). Our analysis
focuses only on fillers, hedges, and onset time, as these are more
typically measured and manipulated in prior studies, but we
make the coded data publicly available for researchers interested
in patterns with other variables.

Coding and transcription were done in three steps. First, a trained
coder transcribed and coded the data, and it was then reviewed by
a second coder for any errors or alternative interpretations. Then,
a third coder reviewed the trials with disagreements, and made
the final decision on the coding (4% of trials from the first coder
were changed by the third). Finally, 10% of the data was coded
again by a fourth coder to calculate interrater reliability, which
we found to be very high (ICC = 0.95, 95% CI [0.93, 0.95], F(431,
432) = 36.00, p < 0.001).

3 | Results
3.1 | Supplemental Materials

Due to the richness of the data, many analyses that are outside of
the main questions of interest are presented in the Supplemental
Materials. This includes analyses of disfluency production by
gender, disfluencies produced during the confidence decision
itself, the difference between “umm” versus “uhhh” to signal
distinct metacognitive states (Clark and Fox Tree 2002; Fox Tree
2001), and more. Because we found few differences between
semantic- and perceptually-based decisions, we usually collapse
them in the analyses reported here, but provide them as separate
in the Supplemental Materials.

3.2 | Analysis Plan

Our main analyses are carried out as multilevel logistic gener-
alized mixed effects models, with either accuracy or confidence
as binary outcome variables and the three measures of disflu-
ency (Speech Onset, Standardized Filler Duration, Standardized
Hedge Duration) and Age as fixed effects. Participants were
included as random intercepts to account for individual vari-
ability while probing for general population-level effects. Age
was included in all models to control for expected develop-
mental improvement in answer accuracy. To make sure that
each measure of disfluency was meaningfully related to the
outcome variable, we performed model comparison from a null
model that only included the random effects and Age, and
would successively add fixed effects, selecting the best-fitting final
model by a likelihood ratio test (i.e., “LRT-selected models”).
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(Top) A transcript and coding of an example trial for numerical comparison (“which side has more dots?”). On this particular trial, the

speech onset time would be 1.26 s, standardized filler would be 0.78/3.54 = 22%, and standardized hedge would be (0.97 + 0.84)/3.54 = 51%. Although
this trial is from a real participant, it is unusual in the higher-than-average duration of both fillers and hedges and was chosen for illustrative purposes.

(Bottom) The histograms for each of the three disfluency types, averaged at the participant level, as well as the pairwise correlations between them. Note

that these pairwise plots do not regress out age, while our analyses do.

Estimates of each model’s explained variance are presented with
marginal (R?,,) and conditional (R?,) R?, following Nakagawa and
Schielzeth (2013). Marginal R?,, quantifies the total proportion of
variance explained by fixed effects alone, while conditional R?,
represents the total variance explained by both fixed and random
effects, allowing us to separate the contribution of fixed predictors
from participant-level variability. Model estimates are presented
as odds ratios (ORs), with values above 1 indicating increases
in the outcome variable with increases in the fixed effect, and
values below 1 indicating increases in the outcome variable with
decreases in the fixed effect. To control for family-wise error, we
performed a Holm-Bonferroni correction. This resulted in two
tests—flagged in the analyses with a * symbol—that meet the
traditional alpha level of 0.05, but do not meet the corrected alpha
level. Following the advice of an anonymous reviewer, post hoc
power analyses were conducted for the primary GLMM analyses
using the SIMR package in R (Green and MacLeod 2016). To
estimate power to detect effects of disfluency for both accuracy
and confidence, 1000 simulations were performed based on
each LRT-selected model. Post hoc power simulations confirmed
100% power to detect main effects of disfluency (Speech Onset,
Standardized Filler Duration, Standardized Hedge Duration),
and related interactions (Speech Onset x Concordance, Stan-
dardized Filler Duration X Concordance, Standardized Hedge

Duration X Concordance) in predicting both confidence and
accuracy.

3.3 | Accuracy and Confidence

We first assess the accuracy of children’s answers and the validity
of the forced-choice confidence judgment task, ignoring verbal
disfluencies (Figure 1). To elicit a range of confidence, we
designed questions that varied in difficulty. We evaluate whether
these resulted in a range of responses and validate our predefined
difficulty bins.

We examine the accuracy of children’s answers by difficulty.
Children, on average, answered 51.74% of questions correctly, 95%
CI [49.06, 54.41]. Accuracy increased with age (1(58) = 0.51, p <
0.001). A sphericity-corrected repeated-measures ANOVA with
Accuracy as the dependent variable and two factors (Difficulty:
Easy/Medium/Hard and Question Type: Numerical Compari-
son/Animal ID/Animal Fact) revealed a significant main effect of
Difficulty: participants provided more accurate answers for easier
questions (Easy: M = 91.61%, 95% CI [89.56, 93.66]; Medium: M
= 62.08%, 95% CI [57.73, 66.44]; Hard: M = 8.06%, 95% CI [5.50,
10.62]), F(2,118) = 1100.96, p < 0.001, 7,” = 0.80), and a main
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effect of Question Type (Numerical Comparison: M = 62.78%,
95% CI [60.71, 64.85]; Animal ID: M = 53.89%, 95% CI [50.65,
57.12]; Animal Fact: M = 45.08%, 95% CI [41.39, 48.78], F(2,118)
=53.68, p < 0.001, npz = 0.15). Finally, we observed an interaction
between Difficulty and Question Type, F(4,236) =70.49, p < 0.001,
n,> = 0.27. The main effect and interaction with question type
is unsurprising, as numerical comparison questions are binary
choices (blue or yellow), and guessing randomly would result in
chance performance at 50% (except for the subset of impossible
hard trials, which should pull overall chance to around 30%-40%).

Next, we examine if children reliably report their confidence in
the forced-choice task. If children reliably report their confidence
in this task, their responses should track the accuracy of their
answers; that is, their trial choice should predict their accuracy
(Baer and Odic 2019; Mamassian 2020). A logistic generalized
linear mixed effects model with participants as random effects,
Accuracy as the outcome variable, and Trial Choice and Age as
the fixed effects revealed a significant effect of Age (OR =1.22,95%
CI[1.11,1.34],z=4.31, p < 0.001) and Trial Choice (OR =5.62, 95%
CI[4.76, 6.64],7=20.38, p < 0.001). Fixed effects Trial Choice and
Age explained 19.22% of the variance in Accuracy, and including
participant-level random effects accounted for 20.99% of variance
(R?,, = .19; R?. = .21). Participants became more accurate with
age, but also were more accurate on trials they chose, indicating
higher confidence (M = 72.54%, 95% CI [68.65, 76.44]), than those
they rejected, indicating lower confidence (M = 33.25%, 95% CI
[30.05, 36.46]). As seen in Figure 1, this pattern held across
all question types, as well. We observed no reliable primacy or
recency effects across our sample (£(59) = —1.36, p = 0.18), though
one child showed a tendency to choose the first/orange question
on every trial they did not skip. Together, these results show that
children’s confidence was appropriately measured by the forced-
choice task, consistent with previous work (Baer and Odic 2019,
2020; Butterfield, Nelson, and Peck 1988).

We also examine age effects in confidence sensitivity by focusing
on age-related differences in concordance—the percent of trials
in which children selected a correct answer as their confidence
choice or rejected an incorrect answer as their choice, as opposed
to discordant trials—those where they chose an incorrect answer
or rejected a correct one!. Children were concordant on 69.64% of
trials (95% CI [67.18, 72.11]), and this correlated with age (1(58) =
0.38, p = 0.003). Therefore, children were clearly able to select the
better of the two answers, above chance (£#(59) = 15.95, p < 0.001),
and their ability to do this improved with age. As discussed in
the Supplemental Materials, this age-related effect was especially
pronounced for the Perceptual questions and was absent for the
Semantic questions.

3.4 | Verbal Disfluency Production

Next, we assess children’s overall production of disfluency,
independent of its relation to accuracy and confidence. We
also evaluate individual- and age-related differences in verbal
disfluency across the experiment.

We first examine the types and frequency of disfluency children
produced. All participants produced at least one filler or hedge,
and, of course, all children produced nonzero speech onset

TABLE 1 | Descriptive statistics for disfluency categories across

accuracy and confidence judgments.

Accuracy Accurate Inaccurate
Speech onset 118 2.37
[1.01, 1.36] [1.96, 2.77]
Standardized filler 319 5.35
duration [2.30, 4.08] [4.00, 6.71]
Standardized hedge 0.74 2.65
duration [0.41, 1.08] [1.67, 3.64]
Higher Lower
confidence/ Confidence/
Confidence Chosen Rejected
Speech onset 1.43 2.02
[1.22, 1.64] [1.71, 2.33]
Standardized filler 3.23 5.40
duration [2.21, 4.25] [4.05, 6.74]
Standardized hedge 0.90 2.33
duration [0.55,1.25] [1.41, 3.25]

Note: Higher values for all disfluencies are associated with incorrect answers
and rejected trials.

times. Fillers, treated as counts, were more common than
hedges (Fillers: range = 0-45, M = 12.67, 95% CI [9.86, 15.48];
Hedges: range = 0-22, M = 4.93, 95% CI [3.40, 6.46]), although
two children produced only hedges. Children most often used
fillers “umm,” “uhh,” and “mmm” and hedges “I think” and
“like.” Table S8 in the Supplemental Materials shows individual
differences in the amount and type of disfluency, as well as
descriptives for various other variables, such as average answer
duration. We found no reliable age-related effects after correcting
for FWE (Speech Onset: r(58) = 0.26, p = 0.05*; Fillers: r(58)
= —0.27, p = 0.04*; Hedges: r(58) = 0.20, p = 0.13). Therefore,
from at least age 5 onward, children are reliable producers of
disfluencies in all three categories.

We also evaluate whether different types of verbal disfluency are
independent of each other. Figure 2 shows the histograms and
pairwise plots for the three measures of disfluency. We found
no correlations between the three measures of disfluency when
controlling for age and FWE: Speech Onsets and Fillers ((58) =
—0.24; p = 0.07), Speech Onsets and Hedges (1(58) = 0.04; p =
0.77), and Fillers and Hedges (r(58) = 0.008; p = 0.95). Results
were similar when using a Spearman correlation to account for
the nonnormal distributions: Speech Onsets and Fillers (r(58) =
—0.20, p = 0.13), Speech Onsets and Hedges (1(58) = —0.09, p =
0.50), and Fillers and Hedges (1(58) = 0.02, p = 0.87).

3.5 | Disfluency and Accuracy

We next examine whether the three verbal disfluency types
predict answer accuracy. Table 1 shows the average disfluency
rates for Accurate and Inaccurate trials, showing that all three
indices of disfluency predicted accuracy. Accuracy was signifi-
cantly predicted by a model including any of the three indices
of disfluency (compared to the null model), and the selected
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model, identified by hierarchical comparison with LRT, included
all three categories as predictors (¥*(1) = 31.91; p < 0.001).
Given individual and age- differences in accuracy, we assess the
proportion of variance in accuracy attributable to participants
and calculate the intraclass correlation coefficient (ICC) from the
null model. The observed ICC was .04, and fixed effects (Speech
Onset, Standardized Filler Duration, Standardized Hedge Dura-
tion, Age) accounted for 18.62% of variance in Accuracy, while
including random participant-level effects explained 21.12% of
variance (R?,, =0.19; R?, = 0.21), suggesting individual differences
have a limited effect on accuracy, and a larger portion of variance
is explained by fixed predictors. VIF values were all below
1.02, suggesting minimal collinearity among the predictors. We
observed a significant main effect of Age (OR =1.27, 95% CI [1.15,
1.41],z=4.87, p < 0.001), as older children provided more accurate
answers. All categories of disfluency were negatively related with
higher Accuracy: Speech Onset (OR = 0.72, 95% CI [0.68, 0.76],
z = —11.68, p < 0.001), Standardized Filler Duration (OR = 0.98,
95% C1[0.97,0.99], z = —5.50, p < 0.001), and Standardized Hedge
Duration (OR = 0.97, 95% CI [0.95, 0.98], z = —4.82, p < 0.001).
Therefore, children produce less verbal disfluency in all three
categories when providing accurate answers, and more when
providing inaccurate answers.

3.6 | Disfluency and Confidence

Next, we evaluate whether children’s disfluency predicts their
confidence, independent of whether they answered correctly or
not. Table 1 shows the average disfluency rates for Chosen (higher
confidence) and Rejected (lower confidence) trials, with all three
indices of disfluency clearly related to confidence. Confidence
was significantly predicted by a model that includes any dis-
fluency (compared to the null model), and the LRT-selected
model again included all three categories as predictors (y*(1) =
31.30; p < 0.001). Fixed effects (Speech Onset, Standardized Filler
Duration, Standardized Hedge Duration, Age) accounted for
4.99% of variance in confidence (R?,, = 0.05). Including random
intercepts for participants produced no measurable variance,
resulting in a singular fit. Given the nature of the forced-choice
task, there was no participant-level variability in confidence—
50% of trials are necessarily chosen—so the conditional R?, could
not be computed, and we observe no effects of Age in predicting
Trial Choice (OR = 1.01, 95% CI [0.95, 1.08], z = 0.29 p = 0.77).
VIF values were all below 1.03, suggesting minimal collinearity
among the predictors. All categories of disfluency were negatively
related to Trial Choice: Speech Onset (OR = 0.89, 95% CI [0.86,
0.92], z = —5.96, p < 0.001), Standardized Filler Duration (OR =
0.98, 95% CI [0.97, 0.99], z = —5.42, p < 0.001), and Standardized
Hedge Duration (OR = 0.97, 95% CI [0.96, 0.98], z = —4.28, p <
0.001). Therefore, children produce more disfluency in all three
categories while providing answers they feel less confident about,
and less on answers they feel more confident about.

3.7 | Disfluency and Concordance

Thus far, we have found that all categories of disfluency are
predictive of children’s confidence choice, making them a plau-
sible cue for children to use in determining their confidence.
However, as discussed in the Introduction, the correlations

between disfluency and confidence could stem from various
third variables, including answer accuracy or the difficulty of the
questions. If disfluency itself is a cue to confidence, we should
find that it predicts confidence choice even on discordant trials
where confidence and accuracy are dissociated?.

First, we assess the interaction between disfluency and con-
cordance in predicting confidence. We use the LRT-selected
confidence model reported above and additionally include con-
cordance and its interaction with the three disfluency variables
as fixed effects. Confidence was better predicted by this con-
cordance interaction-model (¥*(4) = 220.74; p < 0.001). Fixed
effects (Speech Onset, Standardized Filler Duration, Standard-
ized Hedge Duration, Concordance, Age) and their interactions
(Speech Onset x Concordance, Standardized Filler Duration X
Concordance, Standardized Hedge Duration X Concordance)
accounted for 20.35% of variance in confidence (R?,, = 0.20).
Random effects again produced no measurable variance, due to
the structure of the forced-choice task, so conditional R?, was not
computed, and we observe no effects of Age in predicting Trial
Choice (OR =1.02, 95% CI [0.95, 1.09], z = 0.49 p = 0.62). We find
a significant main effect of Concordance (OR = 4.15,95% CI [3.27,
5.28],z=11.65, p < 0.001), and interaction with all three categories
of disfluency: Speech Onset X Concordance (OR = 0.58, 95% CI
[0.52, 0.64], z = —10.58, p < 0.001), Standardized Filler Duration
x Concordance (OR = 0.96, 95% CI [0.94, 0.97], z = =5.19, p <
0.001), and Standardized Hedge Duration x Concordance (OR
= 0.94, 95% CI [0.91, 0.96], z = —4.39, p < 0.001). This suggests
the relationship between disfluency and confidence differs across
concordant and discordant trials.

Table 2 and Figure 3 show the descriptive statistics for disfluency
rates across concordant and discordant trials, split by confidence.
For ease of interpretation, we report the main effects of disfluency
from analyses that separate concordant and discordant trials. We
find a strong relationship between disfluency and trial choice on
concordant trials: increased verbal disfluencies again predicted
lower confidence. The LRT-selected model again included all
three disfluency categories (¥*(1) = 48.70; p < 0.001). Fixed
effects (Speech Onset, Standardized Filler Duration, Standardized
Hedge Duration, Age) explained 26.50% of the variance in Trial
Choice, and including participant-level random effects accounted
for 26.73% of variance (R?,, = 0.27; R, = 0.27). We observed a
main effect of Age (OR = 1.20, 95% CI [1.10, 1.31], 2 = 4.21, p
< 0.001), likely explained by the improvements in accuracy and
concordance with age. Each category of disfluency was negatively
related to Trial Choice: Speech Onset (OR = 0.69, 95% CI [0.64,
0.74], z = —9.95, p < 0.001), Standardized Filler Duration (OR =
0.97, 95% CI1 [0.96, 0.98], z = —6.52, p < 0.001), and Standardized
Hedge Duration (OR = 0.94, 95% CI [0.91, 0.96], z = —5.45, p <
0.001). This replicates the patterns established above, which is
unsurprising given that the majority of trials were concordant.

On the other hand, we find that only the model with Speech Onset
was a significant predictor of Trial Choice on discordant trials
(¥*(1) = 43.44; p < 0.001), and that adding Standardized Filler
Duration and Standardized Hedge Duration did not improve the
model any further (¥2(2) = 0.31; p = 0.86). Fixed effects (Speech
Onset, Age) explained 12.27% of the variance in Trial Choice, and
including participant-level random effects accounted for 15.76% of
variance (R?,, = 0.12; R, = 0.16). We observe a main effect of Age,
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TABLE 2 | Descriptive statistics for disfluency categories across concordant and discordant trials.

Concordant Higher confidence/Chosen + Accurate Lower confidence/Rejected + Inaccurate
Speech onset 1.09 2.36

[0.92, 1.25] [1.98, 2.74]
Standardized filler 2.81 6.02
duration [1.86, 3.76] [4.50, 7.54]
Standardized hedge duration 0.40 2.82

[0.22, 0.58] [1.74, 3.90]
Discordant Higher confidence/Chosen + Inaccurate Lower confidence/Rejected + Accurate
Speech onset 2.64 1.39

[1.97,3.31] [1.13, 1.65]
Standardized filler duration 4.35 4.21

[2.93,5.77] [2.87,5.54]
Standardized hedge 2.74 1.60
duration [0.79, 4.69] [0.62, 2.58]

Note: While all three measures of disfluency predict confidence choice on concordant trials, with longer onsets, fillers, and hedges leading to rejection of trials,
this pattern does not hold on discordant trials, where only speech onset predicts confidence choice, and in the opposite direction (longer speech onset is chosen).
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FIGURE 3 | Bar graphs of verbal disfluency rates across chosen and rejected trials for concordant and discordant trials. While all three measures of

disfluency predict confidence choice on concordant trials, with longer onsets, fillers, and hedges leading to rejection of trials, this pattern doesn’t hold
on discordant trials, where only speech onset predicts confidence choice, and in the opposite direction (longer speech onset is chosen).

though in the opposite direction (OR = 0.69, 95% CI[0.59, 0.80], z
=-4.79, p < 0.001), again likely explained by the improvements in
accuracy and concordance with age. Critically, the Speech Onset
effect is reversed from what would be expected if children used it
to determine confidence: children are more likely to choose the
trial they took longer to begin answering (OR =1.28, 95% CI [1.18,
1.40], z = 5.72, p < 0.001). Therefore, when separating accuracy
and confidence, we find that verbal disfluencies fail to act as a

predictor of confidence. As we elaborate in detail in the General
Discussion, the pattern here is more consistent with short speech
onsets predicting accuracy, not confidence.

Supplemental Materials show the above analysis with only the
trial pairs that differed in accuracy, leading to the same conclu-
sions for a link between fluency and confidence on concordant,
but not discordant trials (Table S3). Supplemental Materials also
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present the above analyses split by Perceptual and Semantic
questions (Table S2). In short, we find the concordant trials
replicate the above results for both. Discordant Semantic trials
also replicate the above analysis, with lower speech onset related
to lower confidence. Discordant Perceptual trials, on the other
hand, show no correlation with any measure of verbal fluency.

4 | General Discussion

What is the relationship between fluency and confidence in
young children? By relying on verbal disfluencies as a metric
of fluency, we find that (1) English-speaking children as young
as five reliably produce an assortment of verbal disfluencies,
including hedges and fillers, replicating previous work (Hiib-
scher, Vincze, and Prieto 2019; Krahmer and Swerts 2005; Visser,
Krahmer, and Swerts 2014), (2) their disfluencies predict accuracy
and confidence equally well for both semantic and perceptual
questions; but (3) higher fluency does not predict confidence on
trials where confidence and accuracy dissociate (i.e., discordant
trials). We find that hedges and fillers fail to predict confidence
on discordant trials entirely, and while fast speech onset predicts
high confidence on concordant trials, it predicts low confidence
on discordant trials. As we elaborate below, our findings suggest
that verbal disfluencies are therefore not used as a direct cue in
children’s confidence decisions.

Theories connecting fluency and confidence make a straightfor-
ward prediction: if fluency is a cue to confidence, then when
fluency is high we should find high confidence, and when
fluency is low we should find low confidence (e.g., Alter and
Oppenheimer 2009; Koriat 1993). Concordant trials are consistent
with this picture: when children responded faster, made fewer
hedges and fillers, they indicated higher confidence than the
reverse. But this pattern confounds fluency with other factors,
including question difficulty and accuracy, which might affect
both fluency and confidence independently. When examining
discordant trials, we not only found that hedges and fillers do
not predict confidence, but we also found a reverse effect for
speech onset: fast responses were associated with low confidence,
and slow ones with high confidence. Additionally, this pattern
was primarily driven by the semantic questions, and we find no
relationship at all between verbal disfluency cues and percep-
tual confidence on discordant trials (Supplemental Materials).
This pattern challenges theories that argue that fluency and/or
response times are causal cues for confidence decisions (e.g., Alter
and Oppenheimer 2009; Koriat 1993).

How might we explain the pattern of results on discordant
trials? One possibility is that children take verbal disfluency into
account on all trials but somehow recognize that fast speech
onset is sometimes a cue for high confidence and sometimes
for low. For example, “fast errors” are a known pattern in the
decision-making literature, and often happen due to impulsive
decision-making, or after attentional lapses (Pleskac and Buse-
meyer 2010; Ratcliff and Rouder 1998). Perhaps children are aware
that they sometimes make snap, impulsive decisions and—even if
they answered correctly—subsequently indicate low confidence.
Evidence from prior studies suggests children engage in response
time monitoring, and associate fast errors with impulsivity: 5-8-
year-olds who respond more rapidly before committing an error

(a phenomenon known as pre-error speeding) tend to show
greater post-error slowing, a behavior linked to cognitive control
and error awareness (Ger and Roebers 2024). While nothing in
our data precludes this possibility, theories now have to explain
how children knew that they made an impulsive decision in
the first place (and if children have access to that information,
why would they subsequently take fluency into account at all?).
Nevertheless, future theories on fluency might accommodate our
results in such a manner.

The alternative explanation—and the one we prefer—is that
speech onsets strongly relate to accuracy and are not necessarily
incorporated into the subsequent confidence decision. Decisions
that are “easy”—either because they are highly perceptually
discriminable or reliably semantically accessible—will be made
quickly and accurately, leading to short onsets. But children
(and adults) might rely on an assortment of other cues to
determine their confidence. Under the model of Pouget et al.
(2016), for example, confidence is a mixture of representational
signal strength (which correlates with fluency), trial history, one’s
beliefin their abilities on tasks like these, evaluation of attentional
states, and more. When all factors align—as they often do
on concordant trials—verbal disfluencies will track confidence.
However, when the factors misalign, the sum of various cues will
result in a confidence decision that might vastly differ from the
amount of fluency itself, as fluency is—at best—one of several
cues attended to for this combination process.

Discordant trials, therefore, offer researchers an opportunity to
separate the effects of different cues. To fully delineate a falsifiable
cue-based model of confidence, future work should strive to
further isolate the effects of individual cues and determine
which are necessary or sufficient for confidence decisions. One
method to separate individual cues is to experimentally disso-
ciate them. For example, some studies manipulate perceptual
confidence, and reduce stimulus clarity with masking, while
decision accuracy remains constant (Koizumi, Maniscalco, and
Lau 2015). Dissociating these effects, experimentally, allows
researchers more control and achieves a more balanced design
where cues are necessarily in conflict. Isolating the independent
contributions of different cues is also critical to determining the
developmental trajectory of this process, to assess how individual
cues are understood as children become better able to report their
confidence. Some work suggests developmental improvement
in the ability to integrate cues with their confidence decision,
wherein older children’s reported confidence better correlates
with response time and accuracy (Koriat and Ackerman 2010).
While our study was not designed to examine developmental
change, and our current sample was not sufficiently powered
to assess age-related interactions, future work should explore
how cue-utilization develops and how different independent
cues contributing to confidence interact with age. Investigating
this relationship in younger children and toddlers—who are
just beginning to produce language and verbal disfluency, and
explicitly label and report their confidence—will be especially
valuable for understanding its developmental origins. To identify
the fundamental, necessary cues contributing to confidence,
and to explain the emergence of reliable confidence judgments,
a falsifiable cue-based model must determine when and how
children begin to integrate independent cues in their confidence
decision.
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None of this is to say that children don’t use verbal disfluencies
when judging the reliability of others, as a wealth of data has
shown that they do (Birch, Akmal, and Frampton 2010; Jaswal
and Malone 2007; Orena and White 2015; Richardson and Keil
2022). But this is because accessing information on reliability
within ourselves is distinct from accessing that information in
others (Baer, Malik, and Odic 2021). Given the abundance of
internal cues we have about our thoughts and decision-making
process, we don’t have to rely on fluency as the exclusive cue, or
we can choose to disregard it entirely. When attending to others,
however, we only have the observable data, and fluency is an
especially prominent one, since we don’t have access to other
people’s attentional states, representational strength, etc.

Beyond testing the fluency account of confidence, our work
also significantly extends the existing literature on children’s
verbal disfluency production and its relationship to confidence
more broadly. While some previous work has documented the
presence of verbal disfluencies in young Catalan- and Dutch-
speaking children (Hiibscher, Vincze, and Prieto 2019; Krahmer
and Swerts 2005; Visser, Krahmer, and Swerts 2014), we extend
this work to English-speaking children. The coding templates
used to transcribe the audio recordings of the test sessions, and
the transcribed data files, are both available online. Transcribed
files include not only each child’s literal spoken words, but also
categorize this speech into variables of interest, including hedge
phrases, reinforcing phrases, fillers, incomplete words, repeated
questions, and opt-out or nonanswer phrases. We hope this will
be useful for other researchers interested in further examining
patterns of verbal disfluency.

We also are the first study of disfluency to include a relative
confidence judgment. This approach has several advantages for
our current study: first, it allowed us to easily separate concor-
dant and discordant trials, which revealed differing patterns of
results. Second, it removed the ability for children to respond
overconfidently and indicate that they felt very sure about all of
their answers. Recall that Hiibscher, Vincze, and Prieto (2019)
found that while preschoolers’ verbal disfluency predicted answer
accuracy, it did not track their explicit confidence judgments as
children often reported they felt “very sure.” In other words, there
was little variability in their reported confidence. Here, children
were required to choose which of two answers was better, and
we were therefore able to separate high and low confidence—
“chosen” compared to “rejected” questions. Although there are
limitations to a relative confidence task—this binary judgment
removes some granularity in Likert scale confidence judgments,
for example—it is developmentally appropriate for children who
may be “wishfully thinking”, and want to socially signal that
they feel sure in their decisions (Schneider 1998), as well as
for children who have little experience using such abstract
scales.

Given mixed results in prior studies (e.g., Hiibscher, Vincze,
and Prieto 2019; Krahmer and Swerts 2005), it remains unclear
whether these results would generalize to other contexts and
designs, including single-item Likert scale judgments. More work
is needed to broaden the types of judgments and decisions in flu-
ency studies, and separate task-specific demand characteristics.
It is important to acknowledge that judgments of certainty guide
daily decisions in a broad range of contexts, and no single study

can capture this full scope and complexity. Experimental design
choices—such as question format (e.g., free recall vs. multiple
choice), decision type (e.g., memory retrieval vs. perceptual), or
domain (e.g., math vs. history), as well as the type of metacog-
nitive judgment (e.g., relative 2AFC comparison vs. single-item
absolute judgments with Likert scales)—likely engage distinct
cognitive and metacognitive processes, which may explain mixed
results. To account for these variations, cue-based models of
confidence must explain which decision factors determine the
cues used in a particular context.

Our findings also pose important implications for those trying to
deduce children’s accuracy, as in the case of eyewitness testimony.
The pattern of speech onset predicting accuracy, not confidence,
on discordant trials suggests that speech onset could be a more
valuable, and more objective, metric for estimating children’s
accuracy. Interestingly, some previous findings that argue in
favor of fluency as a cue to confidence using only correlational
measures similarly report that reaction time was a more infor-
mative predictor of accuracy than confidence (Ackerman and
Koriat 2011). This superiority of latency measures over confidence
for estimating accuracy has similarly been suggested for adult
eyewitnesses (Quigley-McBride and Wells 2023), and our findings
suggest that the same principle applies to children.
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Endnotes

This analysis includes all trials—including pairs of trials where children
answered both trials correctly or incorrectly. We chose to retain all
trials to maximize power and because—even on two correct or incorrect
trials—children may still be using their confidence choice to select the
trial they were more confident in, making their selection a potentially
meaningful variable even on these trials.
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https://osf.io/6g2w4/?view_only=1d3179c016c2467395aef84f233d59aa

2This analysis includes all trials—including pairs of trials where children
answered both trials correctly or incorrectly. We chose to retain all trials
to maximize power, because our conclusions did not change with them
excluded. For example, if a child answered both questions correctly,
a fluency account would still predict that the trial on which they
produced fewer disfluencies should be the more confident one. In the
Supplemental Materials, we also provide an additional set of analyses in
which we only include trials on which children answered one question
correctly, and the other incorrectly (Table S3). These analyses lead to
identical conclusions to those presented here.
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