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Abstract

Children's ability to monitor subjective feelings of uncertainty (i.e., engage in un-
certainty monitoring) is a central metacognitive skill. In the current study, we ex-
amined the development of uncertainty monitoring as well as its relations with
vocabulary and executive function development in children (N = 137, 52% female)
from predominately White and Latinx/Hispanic backgrounds when they were
4-6 years old and enrolled in a Head Start preschool and kindergarten between
2018 and 2019. We found that children's uncertainty monitoring improved during
the kindergarten year. Children's executive function and vocabulary in preschool
and vocabulary growth from preschool to kindergarten predicted uncertainty
monitoring at the end of kindergarten, which sheds new light on potential mecha-
nisms supporting children's metacognitive development.

Metacognitive development has long been held as a
driving force behind improvements in children's social
and cognitive skills and is seen as foundational for aca-
demic achievement (Flavell, 1979; Koriat & Goldsmith,
1996). An important aspect of children's metacognitive
development is the ability to accurately monitor ongo-
ing subjective feelings of uncertainty (i.e., engage in un-
certainty monitoring), which may underlie children's
curiosity about the world (Dunlosky & Metcalfe, 2008;
Ronfard et al., 2017) and information-seeking behaviors
(Selmeczy et al., 2021). Uncertainty monitoring is readily
evident by middle childhood (Dunlosky & Rawson, 2012;
Fandakova et al., 2017; Lockl & Schneider, 2007; Roebers
et al., 2007), but research on the development of this abil-
ity in early childhood is much scarcer. There are only a few

Abbreviations: CFI, comparative fit index; ELL, English Language Leaner;
FIML, full information maximum likelihood; HTKS-R, Head-Toes—Knees—
Shoulders Revised; MAR, missing at random; RMSEA, root mean square
error of approximation; SDT, signal detection theory; SEM, structural
equation modeling; WEIRD, western, educated, industrialized, rich, and
democratic; WJ-ITI, Woodcock—Johnson-III.

empirical studies which have illustrated young children's
ability to engage in uncertainty monitoring in simple cog-
nitive tasks (Coughlin et al., 2015; Hembacher & Ghetti,
2014; Lyons & Ghetti, 2011, 2013), in which young chil-
dren verbally reported lower certainty when they made
a mistake compared to higher certainty when they made
an accurate decision. The relation between uncertainty
monitoring and other variables during this age period is
also not well understood. In the current study, we sought
to expand upon this work in at least two ways. First, we
documented the development of uncertainty monitoring
with a longitudinal design in a sample of young children
from families with low income, which is a typically under-
represented demographic in research on metacognition.
Second, we examined the relation between uncertainty
monitoring and children's executive function and vocab-
ulary, which have both proven to be important predictors
in many areas of cognitive and social development during
the transition to kindergarten (McClelland, Cameron,
Connor, et al., 2007; Schmitt et al., 2019).
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Uncertainty monitoring in early childhood

Uncertainty monitoring is the ability to reflect on feel-
ings of certainty or uncertainty associated with ongoing
mental operations (Lyons & Ghetti, 2010). Uncertainty
monitoring associated with one's own learning may be
the basis for such decisions as seeking help from a teacher
or peer and is thus central for optimal self-guided learn-
ing (Zimmerman & Schunk, 2012). Children's ability
to engage in uncertainty monitoring can guide the ef-
fectiveness of these types of behaviors, especially when
children face difficult test questions or are given ambigu-
ous instructions (Koriat & Goldsmith, 1996). The link
between uncertainty monitoring and the display of be-
haviors that might facilitate learning has also been dem-
onstrated during the preschool years. For example, when
given a simple perceptual judgment task (e.g., choosing
which of two degraded line drawings is a bunny), Lyons
and Ghetti (2011, 2013) found that 3- to-5-year-old chil-
dren were more confident on average in trials with an
accurate perceptual judgment versus an inaccurate per-
ceptual judgment, and they were also more likely to stra-
tegically withhold answers on trials in which they were
least confident to receive a better reward at the end of
the task. Expanding on this finding, Coughlin and col-
leagues (Coughlin et al.,, 2015) found that preschool
children were more likely to ask for help from an adult
on trials where they expressed lower confidence levels
versus trials where they expressed high confidence lev-
els. Furthermore, Hembacher and Ghetti (2014) found a
similar pattern of results with preschool-aged children's
performance on a simple forced-choice memory task,
suggesting that children's uncertainty monitoring ability
and its relation to strategic learning behavior may be ro-
bust across different types of cognitive tasks. Together,
these studies provide compelling evidence for the pres-
ence of uncertainty monitoring in young children, and
for the potential role of this ability to set the foundation
and propel young children's learning during the critical
transition to formal education settings.

Priorstudies have suggested age-related improvements
in uncertainty monitoring during the preschool years
(Hembacher & Ghetti, 2014; Lyons & Ghetti, 2011) with
older children demonstrating larger mean differences in
confidence ratings between accurate and inaccurate tri-
als compared to younger children, but the examination
of within-individual change over time is necessary to
elucidate how this improvement occurs. Results in prior
studies have shown that younger children are often over-
confident in their incorrect responses (e.g., Lipko et al.,
2009), suggesting that improvements in children's uncer-
tainty monitoring may reflect children's ability to recog-
nize when they feel less confident after making mistakes
or experiencing gaps in understanding with relatively lit-
tle change in confidence for correct judgments. However,
it is important to note that although a high proportion of
children may be at ceiling in their confidence ratings for

correct answers, changes in children's uncertainty mon-
itoring could also result from the subset of children who
are not at ceiling, becoming more confident after mak-
ing accurate decisions because they may learn to identify
the most informative cues to accuracy. Thus, the devel-
opment of uncertainty monitoring may not only reflect
children's developing capacity to recognize errors and
reduce overconfidence for them (Lipko et al., 2009), but
may also bring about some combination of the ability to
recognize uncertainty after making mistakes as well as
to experience greater certainty after accurate decisions.

Although metacognition is often conceptualized as a
universal and generalizable force in children's develop-
ment (Flavell, 1979; Koriat & Goldsmith, 1996), studies
on children's early uncertainty monitoring have exam-
ined samples of children from families with predomi-
nantly White and upper middle-class backgrounds. This
is not unusual for research in both cognitive research
(Roberts et al., 2020; Rowley & Camacho, 2015) and
child development more broadly (Nielsen et al., 2017),
but the persistence of these sample characteristics in de-
velopmental studies can potentially limit the generaliz-
ability of research findings. An overreliance on samples
from WEIRD (western, educated, industrialized, rich,
and democratic) populations is a recognized problem in
many areas of research in the social sciences (Henrich
et al., 2010), and this problem may be particularly con-
sequential in developmental psychology where system-
atic differences across cultures or social classes can have
major impacts on both the time course and relative pat-
terns of development found within children. Research on
the development of different cognitive skills has demon-
strated that children from low-income or other types
of disadvantaged families are often faced with negative
factors such as racism, lack of access to necessary re-
sources and other types of inequalities which can in-
terfere with development (Blair & Raver, 2012; Sektnan
et al., 2010). Thus, it is important to demonstrate that
uncertainty monitoring in early childhood has the po-
tential to be a robust and generalizable phenomenon in
development even across children from different types of
backgrounds.

Assessing level and change in uncertainty
monitoring

There are several approaches to assess uncertainty
monitoring ranging from simple correlations between
task accuracy and confidence reports to more complex
modeling approaches (Fleming & Lau, 2014). One ap-
proach in studies with young children has been to com-
pare children's average levels of confidence for accurate
compared to inaccurate trials in different types of simple
cognitive tasks (Ghetti et al., 2013). This comparison pro-
vides an intuitive means to appreciate whether children's
experience different degrees of certainty depending on
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the accuracy of cognitive acts and the source of this
difference. For example, studies that found age-related
increases in children's uncertainty monitoring have
documented that older children are typically less confi-
dent on incorrect answers than younger children are, but
there are relatively similar levels of confidence on correct
answers across age-groups in the studies (Hembacher &
Ghetti, 2014; Lyons & Ghetti, 2011). Moreover, a differ-
ence score between accurate and inaccurate confidence
levels has provided an intuitive index of individual differ-
ence in uncertainty monitoring. However, these types of
metrics do not account for differences in accuracy level
in the cognitive task and do not account for other re-
sponse biases (e.g., a tendency to indiscriminately claim
higher levels of confidence) which can both influence
measures of uncertainty monitoring (Fleming & Lau,
2014; Rahnev & Fleming, 2019). Newer methods have ad-
dressed these limitations (Fleming & Lau, 2014).

One increasingly popular approach in research with
adults is to apply a signal detection theory (SDT) frame-
work to accuracy and confidence data (Fleming & Lau,
2014) and calculate parameter estimates, such as d' for
cognitive performance and meta-d’ for metacognitive
performance (Maniscalco & Lau, 2012, 2014). As is the
case for simple differences in average confidence, met-
rics within the SDT framework such as meta-d’ estimate
the degree to which individuals’ confidence ratings dis-
tinguish between correct and incorrect responses, while
accounting for accuracy levels and response biases on the
cognitive task. For example, higher confidence ratings
on a correctly identified trial and lower confidence on
a false alarm would lead to a bigger meta-d’ than indis-
criminately high confidence across both types of trials.
A popular application of these metrics involves calculat-
ing the m-ratio (i.e., meta-d'/d’), which can be conceptu-
alized as the level of metacognitive efficiency for a given
amount of available cognitive signal for children to mon-
itor (Maniscalco & Lau, 2012). In this sense, an m-ratio
of 1 represents optimal metacognitive efficiency (and
would correspond conceptually high mean difference
scores between confidence for correct versus incorrect
responses in the traditional methods; Fleming & Lau,
2014) and lesser values can be seen as a percentage of the
available signal that children were able to monitor.

A drawback of using this approach, however, is that
hundreds of trials are typically necessary to obtain sta-
ble estimates at the individual participant level, which
can limit their utility in studies of individual differences
using special populations like developmental samples with
young children. However, recent advances have provided
a way to calculate meta-d’ and the m-ratio indices at the
individual level by relying on hierarchical methods within
a Bayesian framework (Fleming, 2017) with significantly
fewer trials per participant which is especially well suited
for studies of young children. We took this approach in the
present research to characterize the developmental change
in uncertainty monitoring during the kindergarten year.

CHILD DEVELOPMENT

Correlates and predictors of uncertainty
monitoring

The development of uncertainty monitoring does not
occur in a vacuum. In the current research, we sought to
characterize the relation between uncertainty monitor-
ing and two relevant constructs, namely executive func-
tion, and vocabulary development.

Executive function

Children's executive function involves a set of cognitive
skills that support changes in children's ability to ef-
fectively navigate their world (McClelland & Cameron,
2012; Zelazo et al., 2003). Executive function and its be-
havioral manifestations are typically characterized as
a complex construct consisting of several related sub-
components, such as inhibitory control, attention shift-
ing, and working memory (Garon et al., 2008; Miyake
& Friedman, 2012). Young children's executive function
undergoes dramatic changes in both capacity and organ-
ization during early childhood (Lee et al., 2013) which
has implications for broad range of important behav-
ioral and academic outcomes (McClelland, Cameron,
Connor, et al., 2007; McClelland, Cameron, Wanless,
et al., 2007; McClelland et al., 2014; Schmitt et al., 2017).

Executive function in early childhood is thought
to provide at least part of the foundation for self-
monitoring and behavioral regulation (Lyons & Zelazo,
2011; Roebers, 2017; Zelazo et al., 2018), but the exact
relation between children's executive function and un-
certainty monitoring is not well understood. Empirical
work connecting the two constructs in young children
has been rare (but see Spiess et al., 2016 for a recent exam-
ple) despite theoretical frameworks highlighting shared
developmental time course, neurocognitive structures,
and predictive outcomes (Roebers, 2017). Thus, more re-
search is necessary to document the relation between the
two constructs empirically, and to elucidate the prereq-
uisite skills and trajectories associated with development
of each skill over time.

One possibility is that children's early developing ex-
ecutive function might act as an initial scaffolding for
the development of uncertainty monitoring. Specifically,
children's increasing ability to inhibit prepotent behav-
iors, shift their attention inwards, and hold more in-
formation in mind would allow them to better reflect
upon their uncertainty states and recognize how these
feelings are related to subsequent behavior. Some pre-
vious studies have found associations between each of
these components and older children's metacognitive
skills (e.g., Roebers et al., 2012), which highlights the im-
portance of these skills in middle-childhood. However,
reviews of these associations suggest that the relation
might diminish over development (Roebers & Feurer,
2016). From this perspective, children's earlier executive
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function skills may predict later uncertainty monitoring,
but further development of executive function might not
provide additional unique benefits.

Vocabulary

Children's vocabulary development has strong implica-
tions for several areas in cognitive and social develop-
ment (Cole et al., 2010; Kastner et al., 2001). Children's
vocabulary in the preschool years is a consistent predic-
tor of the development of sociocognitive skills, such as
the acquisition of an explicit theory of mind (Milligan
et al., 2007). To our knowledge, the relation between vo-
cabulary development and early uncertainty monitoring
has not been directly examined; however, in studies with
older children, different aspects of children's broader
metacognitive skillsets such as children's metacognitive
knowledge have been found to be related to their lan-
guage skills (Annevirta et al., 2007; Boulware-Gooden
et al., 2007; Ebert, 2015; Lecce et al., 2010). Thus, a simi-
lar relation may be also hypothesized for younger chil-
dren, but the possible mechanisms behind this relation
are not well understood.

There has been speculation of a direct causal relation
between early children's vocabulary skills and aspects
of metacognitive skills, such as uncertainty monitoring
(Ebert, 2015). Children with better vocabulary skills
might have more defined knowledge structures to better
recognize their subjective states including feelings of un-
certainty. For example, they might be able to better label
and report feelings of uncertainty and this ability may
support their learning of associations between feelings
of uncertainty and their prior or subsequent behaviors.
Parental conversation styles that focus on the use of men-
tal verbs have been found to be related to children's vo-
cabulary and knowledge of the mind (Devine & Hughes,
2019) and a similar relation could extend to children's
metacognitive skills. These types of relations would be
consistent with relations between children's vocabulary
skills and other cognitive domains, such as their under-
standing of emotional states (Cole et al., 2010). Beyond
associations with vocabulary levels, growth in children's
vocabulary skills over time might also support the de-
velopment of uncertainty monitoring. The acquisition
of increasingly sophisticated vocabulary skills may sup-
port children's gains in the ability to utilize fine distinc-
tions among metacognitive states. In this case, children's
growth in vocabulary over time should also lead to bet-
ter uncertainty monitoring abilities.

It is also possible that the relation between vocabu-
lary and uncertainty monitoring may depend on the
pragmatics of uncertainty monitoring tasks. These tasks
are verbal in nature and thus may facilitate performance
in children with high vocabulary. For example, children
with better language skills may understand the task in-
structions better and/or learn more readily the labels

associated with each confidence level. Conversely, ver-
bal tasks may hinder performance in children with lower
vocabulary. Finally, children's vocabulary may predict
uncertainty monitoring because vocabulary may reflect
more domain-general processes. Children's vocabulary
scores typically correlate highly with measures of gen-
eral intelligence (Campbell et al., 2001) and, for this rea-
son, are often used as a proxy for this construct.

Overall, there is a good theoretical and empirical
basis to expect that executive function and vocabulary
support the development of uncertainty monitoring.
For the current study, we had the opportunity to include
assessments of uncertainty monitoring in an ongoing
longitudinal research project in which both executive
function and vocabulary were assessed from preschool
into kindergarten, allowing us to test for our stated al-
ternative hypotheses.

The current study

The goal of this study was to evaluate the development
and predictors of children's uncertainty monitoring in
early childhood with a sample of children from families
with low income. We administered the same perceptual
judgment task utilized in previous studies of early un-
certainty monitoring (Coughlin et al., 2015) in the fall
and spring of the kindergarten year. Our predictors of
uncertainty monitoring included measures of children's
executive function and their receptive and expressive vo-
cabulary. Assessment for these predictors was available
not only for Fall and Spring of kindergarten, but also for
Fall and Spring of the preceding preschool year.

Evaluating the development of uncertainty
monitoring

First, we conducted a confirmatory analysis to verify
whether young children from families with low in-
come, which are typically underrepresented in em-
pirical research on metacognition, would demonstrate
uncertainty monitoring at the transition to kindergar-
ten as found in previous studies (Coughlin et al., 2015;
Hembacher & Ghetti, 2014; Lyons & Ghetti, 2011, 2013).
We expected children to demonstrate it by reporting
higher confidence on correct judgments compared to
incorrect judgments. Second, we tested whether these
children would demonstrate significant growth in their
uncertainty monitoring when measured in the fall and
spring of the kindergarten year. To document longitudi-
nal change, we examined complementary indices of un-
certainty monitoring, including the traditional average
difference of children's confidence ratings for accurate
responses minus confidence ratings for inaccurate re-
sponses (e.g., Coughlin et al., 2015) as well as more re-
cent approaches derived from SDT framework (Fleming
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& Lau, 2014) estimating parameters of metacognitive ef-
ficiency as detailed in the Methods section.

Evaluating predictors of uncertainty
monitoring

We conducted exploratory analyses examining predic-
tors of uncertainty monitoring. We expected that chil-
dren's starting point in performance on a measure of
executive function would be related to children's uncer-
tainty monitoring indicating the importance of early as-
pects of children's executive functioning. Additionally,
we tested whether children's growth in performance on
the executive function task from preschool to kinder-
garten predicted uncertainty monitoring. We did not
expect growth in children's executive function skills to
be uniquely related to their uncertainty monitoring over
and above their starting point.

We also assessed children's vocabulary. We expected
that the starting point of children's vocabulary skills
would be related to uncertainty monitoring indicating
the importance of children's ability to recognize and de-
scribe their feelings of uncertainty. Additionally, we ex-
pected that growth in children's vocabulary skills would
be related to uncertainty monitoring indicting that the
acquisition of new vocabulary might allow for the con-
tinued practice and refinement of children's early uncer-
tainty monitoring ability.

METHOD
Participants

The present study consisted of 137 children (52% female),
recruited from 42 classrooms nested in 14 Head Start
preschools in the Pacific Northwest (average cluster
size = 3.25 children per classroom). Children were fol-
lowed from fall of preschool (Mage =4.70 years, SD=0.29)
to spring of kindergarten (Mage =6.10 years, SD=0.29) in
2018 and 2019. At the start of kindergarten, children were
distributed across 69 classrooms across 39 sites (average
cluster size = 1.62 children per classroom). Children in
this study came from a single cohort of a larger longitu-
dinal study examining the relation between measures of
executive function and academic outcomes (McClelland
et al., 2021). Approximately 60% of participants re-
turned a parent demographic form while their child
was enrolled in the study. The average parent education
was 12.16 years (SD = 2.17), with 46% reporting a high
school education or less. Participants could select mul-
tiple racial/ethnic identities; 82% reported “White,” 16%
reported “Latino/Hispanic,” and 2% marked another
race/ethnicity. Of these participants, 22% marked two or
more races; most frequently reporting Latinx/Hispanic,
Pacific Islander, and African American identities. At the

time of the study, 37% of the households involved a single
parent, and 34% were not employed.

Procedure

Children were assessed individually in a classroom or
hallway of children's school away from other children
during free play periods. All assessments were admin-
istered by trained graduate and undergraduate research
assistants. At each timepoint, children provided ver-
bal assent prior to each session, and sessions were kept
under 20 min to reduce fatigue. When notified by a car-
egiver or teacher that a child spoke Spanish primarily at
home (20% of sample at fall of preschool, 18% of sam-
ple at spring of kindergarten), a bilingual experimenter
began each session with an English proficiency screener
(the preLAS; Duncan & De Avila, 1998). Children who
passed the screener were given the rest of the battery in
English. Spanish-speaking children who did not pass the
screener were assessed by a bilingual experimenter in
Spanish. At fall of preschool, 14% of children were as-
sessed in Spanish; but by spring of Kindergarten, only
3% were assessed in Spanish.

Measures
English proficiency screener

The present study utilized two of the most common
subtests within the preLAS (Duncan & De Avila, 1998):
“Simon Says” (receptive vocabulary) and “Art Show”
(expressive vocabulary) to assess children's English lan-
guage proficiency. Each subtest is comprised of 10 items,
in which children receive one point for a correct response
and zero points for an incorrect response. Children scor-
ing at or above 15 of 20 points were assessed in English
for all other measures. This cut score aligns with current
literature (Rainelli et al., 2017) and is based on the pub-
lisher's recommendations (Duncan & De Avila, 2000).
Reliabilities ranged from a = .76 to a = .90 across the four
time points.

Uncertainty monitoring

To assess children's uncertainty monitoring, we used
the same perceptual judgment task with confidence
ratings utilized in previous studies with similar aged-
children (Coughlin et al., 2015). In the perceptual
judgment task, children were shown 20 trials each
presenting two degraded line-drawings depicting dif-
ferent objects and were asked to identify the target
object and then rate their confidence. Children chose
the target object by pointing to or touching the object
they thought was the target. After choosing a picture,
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children then chose their level of certainty using a
three-point pictorial confidence scale depicting a
“very-sure,” “kind-of-sure,” and “not-sure” choices.
All line-drawings in the task were degraded by an au-
tomated computer program which randomly removed
a proportion of pixels from each image. Line-drawings
had 40% of all pixels of the image removed which is
in line with the degradation levels used with this same
set of stimuli in previous studies with similar aged-
children (Coughlin et al., 2015; Lyons & Ghetti, 2013).
Children were trained on how to use the confidence
scale using the exact same procedures utilized in previ-
ous studies (Coughlin et al., 2015; Hembacher & Ghetti,
2014; Lyons & Ghetti, 2013) which have proven to be
effective in children as young as 3 years of age. Unlike
previous studies which used computerized software to
present stimuli and record children's responses, a pen
and paper version of the task was administered so it
could be more easily integrated with usual pedagogi-
cal procedures and thus be minimally obtrusive within
the classroom. Stimuli pairs were printed out on letter
sized paper and presented one at a time in a three-ring
binder. Children's responses were recorded by the ex-
perimenter on a paper score sheet.

Prior to starting the task, children received two
practice trials in which they were asked to identify the
target object and the experimenter provided certainty-
based feedback (e.g., “you were really sure about that
one!”). Children were then introduced and trained on
how to use the confidence scale. After training, children
received four additional practice trials with confidence
ratings and the experimenter provided feedback based
on children's use of the confidence scale. (i.c., correct-
ing children if they expressed low confidence but chose
a high confidence point on the scale). After completing
the practice trials, children received one final prompt
on how to use the confidence scale before starting the
test trials. No feedback was given during the test trials.
Children's accuracy was scored as 0 for an incorrect
choice and 1 for a correct choice. Children's confidence
ratings were scored as 0 for “not-sure” choices, 1 for
“kind-of-sure” choices, and 2 for “very-sure” choices.
This task was administered twice, once in the Fall and
once in the Spring of Kindergarten, approximately
6 months apart.

Executive function

To assess children's executive functioning skills, we
used a newly revised version of the Head-Toes—Knees—
Shoulders (HTKS-R) task (Gonzales et al., 2021). The
HTKS-R assesses aspects of children's inhibitory con-
trol, working memory, and flexibility (McClelland
et al., 2014) and is appropriate for children ages
4-8 years old. During the standard task, the children
are given a pair of behavioral commands and are asked

to do the opposite of what they are told (e.g., if told to
touch their head, the child must touch their toes). The
task consists of three subsections increasing in com-
plexity. In Part 1, children are given a single pair of be-
havioral commands to remember (e.g., “Head/Toes”).
In part two, children are given an additional pair of
behavioral commands to remember (e.g., “Head/Toes”
and “Knees/Shoulders”), and in Part 3, the pair of be-
havioral commands are switched (e.g., “Head/Knees”,
“Shoulders/Toes”). The HTKS-R also includes a new
initial section designed to capture additional variabil-
ity in early aspects of children's executive functioning
skills. The new section consists of verbal commands
and responses where children are asked to verbally
respond to prompts, such as: “When I say toes, you
say head.” Throughout all sections of the measure,
children receive two points for a correct response, one
point for a self-corrected response, and zero points for
an incorrect response. Scores range from 0 to 118, and
the measure demonstrated high internal consistency.
This measure was administered four times across the
fall and spring of the preschool and kindergarten year
with each assessment approximately 6 months apart
(Cronbach's a: fall of Pre-K = .95, spring of Pre-K = .95,
fall of K = .94, spring of K = .93).

Vocabulary

Children's expressive and receptive vocabulary was
assessed with the Picture Vocabulary subtest of the
Woodcock—Johnson-III (Mufioz-Sandoval et al., 2005;
Woodcock et al., 2001). Previous studies verify that the
English and Spanish versions of the WIJ-III subtests
measure the same constructs, demonstrate similar levels
of difficulty, and scores can be combined for statistical
analyses (Woodcock et al., 2001; Woodcock & Muiioz-
Sandoval, 1993). The Picture Vocabulary subtest was ad-
ministered four times across the fall and spring of the
preschool and kindergarten year with each assessment
approximately 6 months apart Previous research exam-
ining the standardized assessments have typically found
high reliabilities (@ < .80) for all subtests in the battery
for both the English (Woodcock et al., 2001) and Spanish
versions of the assessments (Munoz-Sandoval et al.,
2005).

Analytic approach

We took complementary analytical approaches to provide
convergent evidence for the development of uncertainty
monitoring. First, we compared children's average confi-
dence on correct and incorrect trials as in previous studies
(Coughlin et al., 2015; Lyons & Ghetti, 2011, 2013) to con-
nect our findings with the literature most directly. Then,
we conducted an additional analysis fitting a multi-level
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model in which we examined how the relation between
trial accuracy and children's individual confidence ratings
changed over time. This type of analysis maximizes statis-
tical power while also allowing for the examination of how
children's use of individual decisions and points in the con-
fidence scale change over time. An additional advantage of
this approach is confidence ratings for accurate and inac-
curate responses are weighted appropriately (e.g., a child
who is accurate in 60% of the trials will necessarily contrib-
ute fewer confidence ratings for accurate trials than a child
who is accurate in 70% of the trials). Finally, we also as-
sessed individual differences in uncertainty monitoring in
an SDT framework using the hMeta-d Toolbox (Fleming,
2017) to calculate individual parameter estimates for d,
meta-d, and the m-ratio. Meta-d', and the m-ratio provide
an estimation of children's uncertainty monitoring while
accounting for differences in accuracy levels on the cogni-
tive task and any response biases in children's confidence
judgments. Similar to d, meta-d’ is estimated as a z-score
which captures the amount of separation between confi-
dence ratings on correct and incorrect responses. A z-score
of zero represents no separation. We used the m-ratio (i.e.,
meta-d'/d') to assess the relation between children's uncer-
tainty monitoring and longitudinal measures of children's
executive function and vocabulary with models in an struc-
tural equation modeling (SEM) framework.

Nested data

Because some children in the study shared a classroom
environment, intra-class correlations were examined to
explore classroom-level influences on child performance
on direct assessments. Between-classroom variation ac-
counted for more than 5% of the variation for each direct
assessment during at least one time point, above ac-
ceptable parameters according to field standards (Hox
et al., 2010). As such, all models utilized clustered-robust
standard errors when applicable to adjust for the higher-
order nested structure of children nested within different
classrooms.

Mixed effects models

We used a mixed-effects (i.e., multilevel) ordinal logistic
regression model to examine children's confidence and
accuracy data at the trial level. This type of model can
account for the ordinal nature of children's confidence
judgments and for individual trials (Level-1) being nested
within children (Level-2). Children's confidence ratings
for each trial were treated as the dependent variable, and
the trial accuracy (correct = 1) was included as a predic-
tor in Level-1 of the model. The time point of assessment
was dummy coded (Spring of Kindergarten = 1) and in-
cluded as a Level-2 variable. To assess whether children
demonstrated a significant increase in the difference in
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confidence between correct and incorrect trials across
the two timepoints, we included a cross-level interaction
term between children's accuracy predicting confidence
and time point. A significant cross-level interaction term
between accuracy and time point in this model would in-
dicate that the relation between children's accuracy and
their confidence ratings was different between the two
time points. This interaction can be further probed to
test whether children are more or less likely to endorse
high or low confidence ratings at each level of accuracy
across the two time points.

Modeling change in SDT metrics

Using a hierarchical Bayesian approach with the hMeta-
d toolbox (Fleming, 2017), we estimated individual un-
certainty monitoring parameters for each of the two
time points. Specifically, this method utilizes data from
the entire sample across a single time point or multiple
time points and extrapolates from this estimation to cal-
culate metrics at the individual level. For analyses that
made direct mean comparisons across timepoints, we
included data from both timepoints simultaneously to
generate parameter estimates for each timepoint indi-
vidually. This ensure that values from the fall and spring
of kindergarten timepoints were extrapolated from the
same set of estimates and thus would be directly com-
parable. However, this method requires listwise deletion
for missing data at either timepoint. Thus, meta-d’ and
the m-ratio could only be calculated for the 95 partici-
pants with complete data on the uncertainty monitoring
task. For analyses that did not make direct mean com-
parisons, we generated parameter estimates from each
timepoint individually so that estimates could be created
for the full sample of available data. This resulted in pa-
rameter estimates being calculated for 100 participants
in the fall of kindergarten, and 106 participants in the
spring of kindergarten.

Structural equation models

To assess the longitudinal relations between children's
executive functioning, vocabulary skills, and children's
uncertainty monitoring, we first assessed children's
growth in executive functioning and vocabulary in
linear growth models in an SEM framework using M-
Plus version 8.4 (Muthén & Muthén, 2010). In a struc-
tural equation model, we first fit an unconditional
linear growth model estimating a latent intercept and
slope parameter from all available time points across
the preschool and kindergarten years. For the latent
intercept parameter in each model, the factor loading
for all time points was set to one. For the latent slope
parameter in each model, we set the factor loading for
children's scores at the first time point in the fall of
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preschool to zero and incremented the factor loading
for each subsequent time point by one. Additionally,
we constrained all latent means of the observed vari-
ables to zero and the residual variances to be equal
over time. Model fit was assessed against an intercept
only model where the factor loadings for the latent
slope variable were all fixed to one (i.e., a no growth =
model). Model fit was also assessed via relative model
fit for the linear growth model for each variable. Given
the modest sample size for these analyses, we expected
indices of relative model fit to only be in the moderate
range (lacobucci, 2010).

After fitting and assessing growth models for each
predictor variable, we implemented a full structural
equation model predicting children's uncertainty
monitoring at the end of kindergarten from their la-
tent slope and intercept parameters of each predictor
variable while controlling for their uncertainty mon- =
itoring in the Fall of kindergarten. With each model,
we included additional demographic covariates such as
children's age, gender, ELL (English language learner)
status, and parent education levels. With this ap-
proach, we could assess how children's starting point
and growth in each outcome variable were associated
with children's uncertainty monitoring at the end of
kindergarten.

SD
0.12
0.45
0.34
0.35
0.60
0.31
0.08
29.01
11.88
3.46

86.40
471.72
73.07
46%

0.69
1.39
1.56
0.17
1.02
0.46
0.46
3%

Spring K
N

106

106

106

106

95
95
95
09
109
108

33.89
15.72

SD

0.11
0.41
0.34
0.32
0.69
0.60
0.23
3.45

0.65
1.35
1.46
0.10
0.78
0.33
0.40
67.97
467.79
67.11
45%
8%

Fall K
N
100
100
100
100
95
95
95
113
112
113

14.92
3.51

SD
36.88

RESULTS

51.70
465.45
61.40
47%
13%

Descriptive statistics and missing data

Descriptive statistics for all variables in the study are
presented in Table 1, and bivariate correlations between
the variables are reported in Table 2. Missingness fluc-
tuated between 8% and 28% for direct assessments, and
between 4% and 22% for demographic variables. Missing
data within each variable were either due to attrition
between time points, children being absent during one
of the scheduled visits for data collection within a time
point, or children refusing to complete a measure during
a visit. Missingness was not consistently related to any =B I N
demographic variables or direct assessments; as such
data were assumed to be missing at random (MAR).
When applicable, full information maximum likelihood
(FIML) estimators were utilized in analyses described
below to account for patterns of missing data under
MAR assumption (Enders, 2010).

Spring Pre-K

N
99
97
115

30.73
18.69
3.45

SD

36.57
457.18
56.33
48%
14%

Fall Pre-K

N
127
12
132

Evidence of uncertainty monitoring

Descriptive statistics

Evaluating the development of
uncertainty monitoring

We first assessed whether children demonstrated evi-
dence of uncertainty monitoring by examining their

Abbreviation: ELL, English Language Learner; HTKS, Head-Toes—Knees—Shoulders; WJ, Woodcock-Johnson.

Average incorrect certainty
Average correct certainty
Average certainty difference
d!

W1J-Picture Vocabulary

TABLE 1
Average accuracy
Meta-d'
m-ratio
HTKS
Age (months)
Gender (% male)
% ELL
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average confidence ratings on accurate trials and their
average confidence on inaccurate trials during the
fall and spring of the kindergarten year. As shown in
Figure la, children indicated higher confidence on cor-
rect trials (M = 1.46, SD = 0.34) than on incorrect tri-
als (M = 1.35, SD = 0.41) in the Fall of kindergarten,
1(99) = 3.25, p = .002, Cohen's d = .33, and as shown in
Figure 1b, children also indicated higher confidence on
correct (M = 1.56, SD = 0.34) versus incorrect (M = 1.39,
SD = 0.45) trials in the spring of kindergarten as well,
1(105) = 5.09, p < .001, Cohen's d = .50. These differences
are similar in magnitude to other studies examining
confidence rating differences in similar-aged children
using the same paradigm (Coughlin et al., 2015; Lyons &
Ghetti, 2013). When we examined the raw differences in
children's average confidence ratings, no significant dif-
ference emerged between the Fall (M = 0.11, SD = 0.32)
and Spring (M = 0.18, SD = 0.36) of the kindergarten
year, 1(94) = 1.37, p = .175. Children's overall accuracy
did improve between the Fall (M = 0.65, SD = 0.11) and
Spring (M = 0.70, SD = 0.11) of the kindergarten year,
1(94) =3.17, p = .002, Cohen's d = .39.

Mixed effects models

When examining children's confidence ratings at the
trial level, there was a significant main effect of trial
accuracy on children's confidence judgments (4 = .30,
p <.001, OR = 1.35[95% CI: 1.15-1.59]), which is concep-
tually analogous to children's mean average confidence
differences between accurate and inaccurate responses
reported above. There was no main effect of time point
(p=.20,p=.19, OR =1.22[95% CI: 0.91-1.63]) indicating

(a) (b)

2 2

1.75 1.75

1.5 1.5
on
g

= 1.25 1.25
&
2
g

£ 1 1
o
o]
[}
g

?g, 0.75 0.75
<

0.5 0.5

0.25 0.25

0 0

Correct Incorrect Correct Incorrect
Fall Spring
FIGURE 1 Children’s average certainty (x1 SE) on correct and

incorrect trials in the perceptual judgment task in the (a) Fall of
kindergarten and (b) Spring of kindergarten. **p < .01, *** p <.001

there were no differences in children's overall confidence
judgments over time; however, there was a significant
cross-level interaction term between the effect of ac-
curacy and time point on children's confidence ratings
(p=.27,p=.04, OR = 1.31 [95% CI: 1.00-1.71]). This sig-
nificant interaction indicates that the relation between
children's confidence ratings and trial accuracy changed
between the Fall of kindergarten and the Spring of kin-
dergarten. Probing this interaction further revealed that
increases in uncertainty monitoring over time came
from children being more likely to choose “very sure” re-
sponse on the confidence scale on correct trials (z =2.50,
p = .01) in the spring of kindergarten (probability = .69,
95% CI1[0.64—-0.73]) versus the fall of kindergarten (prob-
ability = .62, 95% CI [0.58-0.66]). Children were also
less likely to use the middle “kind of sure” response on
correct trials (z = —3.50, p < .001) across the Fall (prob-
ability = .22, 95% CI [0.19-0.25]) and Spring (probabil-
ity = .18, 95% CI [0.15-0.20]), respectively. Similarly, for
incorrect trials, children were also less likely to use the
“kind of sure” response (z = —2.79, p =.005) across the fall
(probability = .25, 95% CI[0.21-0.28]) and spring (prob-
ability = .21, 95% CI [0.18—-0.24]), respectively. There were
no significant changes across time in children's use of the
“very sure” response on incorrect trials and children's
use of the “not so sure” response for either correct or
incorrect trials.

SDT metrics

When examining changes in the SDT metrics across
the Fall and Spring of the kindergarten year, there
were improvements in children's sensitivity to identify
the correct object in the task (d') in the Fall (M = 0.78,
SD = 0.69) and Spring (M = 1.02, SD = 0.60), 1(94) = 2.76,
p =.007, Cohen's d = .33, as well as in their metacogni-
tive sensitivity (meta-d’) in the Fall (M = 0.33, SD = 0.60)
and Spring (M = 0.46, SD = 0.31), t(94) = 2.63, p = .010,
Cohen's d = .30. In addition, there were improvements
in children's metacognitive efficiency as indexed by the
m-ratio (meta d'/d"). Estimates of children's metacogni-
tive efficiency increased from the fall of kindergarten
(M = 0.40, SD = 0.23) compared to the spring of kin-
dergarten (M = 0.46, SD = 0.08), 1(94) = 2.32, p = .023,
Cohen's d = .24. These results indicate that measur-
ing children's metacognitive skills via a SDT approach
within a Bayesian framework can provide additional
utility and sensitivity for group-level comparisons com-
pared to simpler metrics.

Individual differences in uncertainty
monitoring

When we examined individual differences in uncertainty
monitoring, no significant correlation was observed be-
tween fall and spring of kindergarten with either differ-
ence scores between average confidence on correct and
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incorrect judgments, #(93) = .02, p =.79, or with estimates
of the m-ratio, r(93) = —.09, p = .36. Thus, stable individ-
ual differences in uncertainty monitoring observed with
children in this age group may still be emerging.

Longitudinal relations with uncertainty
monitoring

HTKS-R

Changes in children's performance on the HTKS-R were
evaluated using a linear growth model fitting separate la-
tent parameters for the intercept and slope. The solution
for the linear growth model demonstrated only moderate
levels of relative model fit as expected given the available
sample size, y*(8) = 40.26, p < .001, comparative fit index
(CFI) = .89, root mean square error of approximation
(RMSEA) = .17, however, there was a significant increase
in absolute model from the no-growth model to the un-
conditional linear growth model 7(3) = 278.83, p <.00L.
Next, we assessed the relation between the latent param-
eters for the HTKS and children's uncertainty monitor-
ing in the Spring of Kindergarten while controlling for
levels of children's uncertainty monitoring in the Fall of

CHILD DEVELOPMENT

Kindergarten. As shown in Figure 2a, children's start-
ing point on the HTKS-R (i.e., the intercept) predicted
children's uncertainty monitoring, # = .33, p = .006, but
children's growth on the HTKS-R across the preschool
and kindergarten years (i.e., the slope) did not predict
uncertainty monitoring, = .21, p = .40. No other covari-
ates were significant independent predictors of children's
uncertainty monitoring. This indicates that children's
starting level of executive function at the beginning of
preschool uniquely predicted uncertainty monitoring
at the end of kindergarten, accounting for initial un-
certainty monitoring, but growth in children's executive
function over the 2 years did not.

Picture vocabulary

Changes in children's performance on the WJ-Picture
Vocabulary task were evaluated using the same type of
linear growth model fitting as with the HTKS-R task.
The solution for the linear growth model for the WIJ-
Picture Vocabulary task demonstrated similar mod-
erate levels of relative model fit, »*(8) = 17.61, p =.024,
CFI = .90, RMSEA = .09. Similar to the growth model
for the HTKS-R, there was a significant increase in

FIGURE 2 Structural equation models depicting the fixed intercept and slope parameters (with standardized factor loadings in
parentheses) for assessments at each time point and standardized beta coefficients and correlations between the (a) HTKS-R or (b) WJ-PV and
uncertainty monitoring. HTKS-R, Head-Toes-Knees—Shoulders revised; WJ-PV, Woodcock-Johnson Picture Vocabulary. *p < .05, **p < .01,

wkp < 001

. (a)
HTKS-R M-Ratio
Fall Pre-K 1 (85 Fall K
1(.89" HTKS-R
H,TKS_R - Intercept 299 Age
Spring Pre-K 192" M-Ratio
1(93™ S46% ) Spring K
HTKS-R 1012 102, Gender
Fall K (2N T
e HTKS-R
HTKS-R € Slope ELL Status
Spring K -20%,
: Parent
Education
WIJ-PV (b)
Fall Pre-K 1 (.85 M-Ratio
_ -10 Fall K
1(.93™) WIJ-PV .
WJ'PV Intercept 418 -
Spring Pre-K 1(.96™* M-Ratlo Age
1(.93""") Spring K
-55" 441"
WIJ-PV 125"
Fall K 2 (.51 Gender
WI-PV
3(.75™
WJ-PV Slope
Spring K B ELL Status
-22%
Parent
Education
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model fit from the no-growth model to the unconditional
linear growth model 7(3) =155.38, p <.001. We next as-
sessed how the latent parameters for the WIJ-Picture
Vocabulary predicted children's uncertainty monitoring.
As shown in Figure 2b, children's starting performance
level on the WJ-Picture vocabulary task (i.e., the inter-
cept) was related to children's uncertainty monitoring,
p=.98, p=.02, and children's growth on the WJ-Picture
vocabulary task (i.e., the slope) was also related to chil-
dren's uncertainty monitoring, = .93, p = .03. No other
covariates were significant independent predictors of
children's uncertainty monitoring. This indicates that
both children's starting point in their vocabulary as they
entered preschool and their growth in vocabulary across
the preschool and kindergarten year were both unique
and independent predictors of children's metacognitive
skills at the end of kindergarten.

DISCUSSION

The goal of the current study was to examine the devel-
opment of uncertainty monitoring at the transition to
kindergarten with a sample of children from economi-
cally disadvantaged families. In addition, we investi-
gated predictors of children's uncertainty monitoring
incorporating available longitudinal data on measures
of children's executive functioning and vocabulary skills
from the preschool and kindergarten years.

Uncertainty monitoring in early childhood

Our results provide evidence for the presence of uncer-
tainty monitoring in early childhood which is consistent
with the findings from previous studies (Coughlin et al.,
2015; Hembacher & Ghetti, 2014; Lyons & Ghetti, 2011,
2013). In both the Fall and Spring of the kindergarten
year, children demonstrated significantly higher confi-
dence in accurate trials compared to inaccurate trials
in a perceptual judgment task. We also documented
significant growth in children's uncertainty monitoring
from the Fall of kindergarten to the Spring of kinder-
garten. These results were revealed using more advanced
methods to estimate children's uncertainty monitoring
compared to traditional indicators. Modeling children's
confidence ratings and trial accuracy at the trial level
demonstrated that improvements in children's over-
all uncertainty monitoring largely came from children
being more likely to endorse high confidence on correct
trials in Spring of kindergarten compared to the Fall.
Additionally, metacognitive metrics derived from a SDT
framework, such as meta-d' and the m-ratio (Fleming &
Lau, 2014) revealed significant improvements across the
Fall and Spring of kindergarten demonstrating the ad-
ditional utility and sensitivity compared to traditional
metrics.

Together, these results provide further evidence for
young children's uncertainty monitoring being a robust
phenomenon, which is an important step in beginning
to demonstrate the generalizability of such findings
(Henrich et al., 2010). Although direct comparisons
with other types of study populations were not made,
the current findings demonstrate children from fam-
ilies with low income can engage in uncertainty moni-
toring in early childhood. Even though such samples are
more likely to face certain hardships that can impact the
pace and patterns of development (Blair & Raver, 2012;
Sektnan et al., 2010), the expected development of uncer-
tainty monitoring extends beyond children from families
with higher income and education levels. However, chil-
dren in the current study were enrolled in both a Head
Start preschool program which emphasizes early aca-
demic skills in its curricula and had an initial exposure
to more formal education settings during the kindergar-
ten year. Whether and how these types of experiences
impact the development of early metacognitive skills in
children from both advantaged and disadvantaged back-
grounds remains an important area of investigation for
future research.

In contrast to these results, we did not find a signifi-
cant correlation between measurements of uncertainty
monitoring across the fall and spring of the kindergarten
year. One possible explanation for these findings is that
uncertainty monitoring is still emerging for many chil-
dren in this period of development. To the extent that
some re-organization occurs to support the emergence
of uncertainty monitoring during the kindergarten year,
the relation between measurements over time would be
expected to be weak. Indeed, reliable relations across
assessment times have been consistently found in chil-
dren whose uncertainty monitoring skills are more es-
tablished (e.g., Fandakova et al., 2017; Roebers & Spiess,
2017).

Longitudinal predictors of uncertainty
monitoring

In addition to documenting the development of uncer-
tainty monitoring during early childhood, the current
study also provided new evidence about longitudinal
predictors of this ability. Specifically, we focused on
children's executive function and vocabulary skills.
The relation between children's executive function and
uncertainty monitoring has been posited in previous
theoretical discussions (Roebers, 2017). Evidence from
the current study supports the notion that aspects of
children's executive functioning in early childhood are
important for the development of uncertainty monitor-
ing. We predicted that children's ability to control their
behaviors, shift their attentional focus between different
internal and external demands, and hold more informa-
tion in mind would allow children to better reflect upon
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their subjective feelings of uncertainty and to recognize
how these feelings are related to previous or subsequent
behavior.

In the current study, estimates of children's starting
point in executive function in preschool independently
predicted children's uncertainty monitoring, but growth
in executive function during the preschool and kinder-
garten years was not found to independently predict
children's uncertainty monitoring over and above their
starting point. As hypothesized, earlier developing as-
pects of executive functions might be sufficient for the
expression of young children's uncertainty monitoring,
but further development might not be a necessary con-
dition for the development of uncertainty monitoring
to occur in early childhood. From this viewpoint, early
aspects of children's executive function might act as a
scaffolding for the development of uncertainty monitor-
ing in early childhood, and the self-monitoring aspects
of executive functioning might develop independently of
other related skills.

However, it is possible that different or additional re-
lations between executive function and children's uncer-
tainty monitoring might emerge when utilizing different
measurement models of children's executive functioning.
During early childhood, executive function develops
from a more unitary construct to a more complex phe-
nomenon with more distinct subcomponents (Lee et al.,
2013). More direct measures of growth in these later
developing aspects of executive function (i.e., attention-
shifting, working-memory) or models that more ex-
plicitly specify the complexities in executive function
development might reveal reciprocal relations over time
between aspects of executive function and uncertainty
monitoring.

The current study utilized the HTKS-R to measure
children's executive functioning skills, and the HTKS-R
is a complex measure of executive function that captures
multiple subcomponents of children's executive abili-
ties (McClelland et al., 2014; Schmitt et al., 2017). The
HTKS-R is also often one of the strongest predictors of
many different child outcomes (McClelland et al., 2014,
2021; Wanless et al., 2011), but a latent variable approach
that utilizes many measures of children's executive func-
tion to explicitly model the different subcomponents as
they develop might better elucidate the relation between
children's executive function and uncertainty monitor-
ing over time. Thus, future research can better elucidate
how children's early inhibitory control skills and later
developing working memory relate to the development
of children's uncertainty, as well as explore possible re-
ciprocal relations between the development of these two
constructs over time.

In addition, examining executive function, we also
investigated the relation between children's uncertainty
monitoring and vocabulary development. Both chil-
dren's initial vocabulary level at the start of the preschool
year and children's vocabulary growth over the course
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of the preschool and kindergarten year independently
predicted children's uncertainty monitoring at the end
of the kindergarten year. This pair of findings suggests
several possible relations between children's uncertainty
monitoring and vocabulary development.

As in other areas of research in cognitive develop-
ment, there might be some baseline knowledge structures
that are necessary for children's uncertainty monitoring
to be expressed. One possibility is that children with
better vocabulary skills might be able to better recog-
nize and describe their feelings of uncertainty. This re-
lation might utilize a similar mechanism as the common
association found between children's vocabulary and
their emotion understanding (Cole et al., 2010). Future
research could investigate this relation and help differ-
entiate between alternative explanations by examining
specific knowledge structures such as children's mental
state vocabulary and children's uncertainty monitor-
ing rather than examining children's general vocabu-
lary skills alone. In related areas of cognitive research,
such as children's theory of mind, children's executive
function and vocabulary are often unique predictors of
children's performance (Carlson et al., 2004). Moreover,
vocabulary is associated with both children's and par-
ents’ mental state speech and children's theory of mind
development (Devine & Hughes, 2018). Specific conver-
sational styles between parents and children that place
emphasis on mental verbs describing uncertainty might
be particularly beneficial for the development of chil-
dren's uncertainty monitoring. Future research should
assess and differentiate these different aspects of vocab-
ulary to clarify what is most critical for the development
of uncertainty monitoring in young children.

The unique relation between growth in children's vo-
cabulary skills and their uncertainty monitoring also
allows for the potential of a reciprocal relation wherein
children can practice their uncertainty monitoring skills
when expanding their vocabulary. In older children, the
relation between metacognitive skills and vocabulary
have been reported (Annevirta et al., 2007, Boulware-
Gooden et al., 2007; Ebert, 2015; Lecce et al., 2010). With
young children, uncertainty monitoring could help chil-
dren recognize when they do or do not know the cor-
rect label for an object or meaning of a word they hear
in their environment. Children's understanding of their
own knowledge and ignorance helps guide them on when
to seek information from an adult or more knowledge-
able peer (Ronfard et al., 2017). The significant relation
between growth in vocabulary and their uncertainty
monitoring in the current study supports this notion and
indicates that relations between children's metacogni-
tive skills and self-regulated learning can be extended
even into the early childhood period of development. As
children gain a more advanced vocabulary, they might
be able to recognize and make distinctions between
more granular levels of uncertainty which could further
strengthen their uncertainty monitoring abilities.
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Before concluding, we note a few limitations of the
current study and potential future directions. First,
whereas we provide evidence of uncertainty monitoring
in a sample of young children from families with low-
income backgrounds, we did not examine the relation
between income and uncertainty monitoring directly.
It remains possible that income-related differences exist
despite evidence of uncertainty monitoring in early
childhood across income levels. The examination of
associations between income and uncertainty monitor-
ing, including the factors that might explain these asso-
ciations, remains an important area of future research.
Additionally, it remains important to assess potential
reciprocal relations between growth in uncertainty mon-
itoring and growth in the other variables. Reciprocal
relations between changes in these skills over time are
plausible and should be further explored, especially with
older children where these skills are more established.
Moreover, our relatively limited sample size prevented
us from testing an overarching model in which the initial
level and growth of both executive function and vocabu-
lary were all included. This limited sample size was also
a likely reason for the moderate levels of relative model
fit in some of our analyses, which calls for future repli-
cation of the current findings. Finally, the uncertainty
monitoring task was not delivered to children using the
typical laboratory equipment (e.g., touch screen monitor
to collect reaction-times or eye-tracker to collect fixa-
tions and saccades between stimuli); therefore, we were
unable to collect response times or assess evidence accu-
mulation processes from eye movements (Leckey et al.,
2020), which have proved informative to characterize the
emergence of uncertainty monitoring.

CONCLUSIONS

Overall, findings in the current study provide further
evidence that uncertainty monitoring is a robust phe-
nomenon during early childhood and that the devel-
opment of uncertainty monitoring can be observable
in children from both advantaged and disadvantaged
backgrounds when utilizing sensitive analytic tech-
niques. Furthermore, the current study provides new
evidence for the longitudinal relation between children's
uncertainty monitoring and other important constructs
such as the development of young children's executive
function and vocabulary skills, underscoring relations a
broad set of behaviors important to formal educational
contexts and self-regulated learning. These findings can
help inform the broader literature on aims that seek to
both promote and improve positive child outcomes.
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