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Abstract

Curiosity is fundamental to young children's learning, yet no brief, validated behavioral measure
of epistemic curiosity is designed for field-based research with preschool-aged children. This
article describes the development and validation of the Animal Game, a 10-trial behavioral task,
that yields two scores: a Novelty Score, reflecting preference for new over familiar stimuli
(interest-type curiosity), and a Novelty plus Knowledge-Seeking Score, additionally capturing
the desire to learn more (deprivation-type curiosity). Data were collected between March 2023
and March 2024 from 594 socioeconomically diverse children in the United States (ages 3—6; M
=4.20 years; 52% female; parents 42% White, 28% Black, 21% Hispanic or Latino). Internal
consistency was high (a = .85 and .83) and six-month test-retest reliability was low to moderate
(r =.21-.23). Confirmatory factor analysis supported a two-factor structure, with scalar
measurement invariance across child sex and parental education. Receptive vocabulary
correlated more strongly with the Novelty plus Knowledge-Seeking Score (r = .181) than with
the Novelty Score (r = .115), and the association was robust to a rich set of demographic and
parental controls. The Animal Game can capture relevant dimensions of early childhood
curiosity in field-based studies, pending replication in independent samples.

Keywords: epistemic curiosity, I-type curiosity, D-type curiosity, preschool, assessment,
measure development

Lay Summary

Curiosity plays a central role in early learning, yet researchers have lacked a brief, reliable way
to measure it in young children. This article introduces the Animal Game, a short task in which
children choose between a familiar animal and a box hiding an unknown one, and then say
whether they want to learn more. We tested the game online with 594 children ages 3 to 6 from
diverse family backgrounds across the United States. Children’s choices were consistent, and the
game worked similarly for boys and girls and for children of more- and less-educated parents.
Children who sought more knowledge about the unknown animals tended to know more words.
The Animal Game offers a promising measure, pending further validation.



In the 21% century, children need an increasingly complex set of skills to thrive. Rapid
societal transformations driven by technology and globalization require skills that extend well
beyond traditional academic knowledge. In response, organizations such as UNESCO, OECD,
and the World Economic Forum, along with scholars worldwide, have established frameworks
outlining the skills children need to flourish in contemporary society (Dolmaci & Acar, 2025;
McCoy & Sabol, 2025). Across nearly every framework, curiosity consistently emerges as an
essential skill for success. Yet despite this consensus, we know surprisingly little about how to
directly measure curiosity in young preschool-aged children or whether the curiosity we observe
in preschool correlates with other outcomes that matter for school readiness. This paper
addresses both questions.

At its most basic, curiosity is the desire to know more or a thirst for knowledge. It is
critical for scientific discovery and innovation, fueling not only the acquisition of knowledge but
also the ability to adapt to rapidly changing contexts (Berlyne, 1978; Jirout, 2020). Curious
children ask more questions, stay engaged longer with challenging material, and learn more
quickly across nearly every subject (Engel, 2011; Jirout & Klahr, 2012; Jirout et al., 2024).
These associations extend beyond the preschool years (Gottfried er al., 2016), suggesting that
early curiosity may be a durable driver of educational trajectories.

Despite the near-universal consensus on the importance of curiosity for young children, it
is rarely included as a key target in early childhood school settings or in intervention evaluations.
Indeed, McCoy and Sabol (2025) describe a “streetlight effect” in early childhood research:
evaluations tend to focus on the outcomes easiest to measure—mainly academic skills—and
often overlook the broader competencies identified by developmental theory as core to
subsequent learning and development. They argue that curiosity deserves recognition alongside
better-measured constructs not only because it correlates with learning outcomes, but also
because it is a central driving force behind dynamic complementarities in skill formation, the
idea that early skill acquisition begets accelerated learning and returns to investment in learning
(Cunha & Heckman, 2007). Yet McCoy and Sabol report that in a review of early childhood
intervention evaluations published since 1990 (Draper et al., 2023), none assessed the specific
impact of interventions on children’s curiosity. The authors partly attribute this gap to the lack of
a scalable, directly administered behavioral measure suitable for field-based research.

Measuring curiosity has proven notoriously difficult (Jirout, Evans, & Son, 2024). In
early childhood, curiosity is most often assessed using adult reports of children’s observable
behaviors (e.g., Piotrowski, Litman, & Valkenburg, 2014) or through lab-based measures
designed for highly controlled environments (e.g., FitzGibbon et al., 2019). However, the field
still lacks a reliable, easy-to-use, direct measure of curiosity suitable for classrooms or field-
based research. Grossnickle's (2016) systematic review of 39 empirical studies on curiosity in
educational contexts found near-total reliance on self-report measures, which are generally not
feasible for young children.

Further, although significant progress has been made in conceptualizing the subdomains
of curiosity (Jirout & Klahr, 2012; Kreitler et al., 1975), many tools for children fail to capture
this complexity. For instance, curiosity is often divided into two meaningful types: interest-type
(I-type) curiosity, the relatively automatic pull toward novelty and the unknown, and
deprivation-type (D-type) curiosity, the goal-directed drive to fill a specific gap in one’s
knowledge (Litman, 2005; Loewenstein, 1994). These two types have been differentiated in
adult research and linked to distinct motivational and cognitive outcomes (Litman, 2005), but



they have rarely been distinguished in behavioral tools used in education-based research
(Grossnickle, 2016).

This paper seeks to address these gaps by developing and validating a new behavioral
measure of curiosity designed for field-based implementation and examining its concurrent
association with children's vocabulary skills. The Animal Game is a 10-trial behavioral task for
preschool-aged children. The task is brief (about 10—15 minutes), requires no reading or self-
reflection from the child, can be administered by non-specialists in an online (remote) format,
and is scalable to diverse populations. We administered the Animal Game to 594 children aged 3
to 6 years from socioeconomically diverse backgrounds. We first explore how the measure
operates by examining score distributions, internal consistency, test—retest reliability,
confirmatory factor analysis of the two-score structure, and convergent validity. We then
examine whether the curiosity scores produced by the Animal Game relate to children’s
vocabulary skills, an outcome believed to be tied to children’s curiosity (Jirout & Klahr, 2012).
The broad goal is to advance the field’s understanding of how to characterize curiosity in young
children using a novel, easy-to-use assessment tool.

The Nature of Epistemic Curiosity

Curiosity is a multidimensional construct. Researchers often categorize it by type (e.g.,
epistemic vs. perceptual), stability (e.g., trait vs. state), and the mechanisms that produce
variation in individuals’ desire for knowledge (Ainley, 2019; Jirout, Evans, & Son, 2024;
Peterson, 2020). Epistemic curiosity — the intrinsic drive to resolve information gaps through
learning — is among the most studied and emphasized forms. It enables children to move beyond
passive information consumption and become active, self-directed learners. It has been a central
idea in psychological theory since Berlyne’s (1954, 1960) influential work on arousal and
exploration. Berlyne proposed that organisms are drawn to stimuli of moderate novelty and
complexity: a drive for optimal arousal that encourages exploration and the pursuit of
information. Loewenstein (1994) redefined curiosity as a form of cognitive deprivation: when a
specific information gap becomes noticeable, curiosity increases until the gap is closed. Research
using this operational definition of curiosity has shown that people tend to be most curious about
topics they partially understand, and that curiosity peaks when knowledge is nearly complete
(Kang et al., 2009; Loewenstein, 1994).

Loewenstein and others distinguish I-type and D-type epistemic curiosity, as defined
above (Litman, 2005; Loewenstein, 1994). Litman (2005) showed that I-type and D-type
curiosity can be distinguished in adults: I-type is more closely related to openness to experience,
whereas D-type is driven by intrinsic motivation for learning and academic engagement.
Grossnickle's (2016) systematic review confirmed the strength of this distinction, indicating that
I-type curiosity is more closely associated with positive feelings and openness, whereas D-type
curiosity is more closely associated with performance goals and the desire to fill specific
knowledge gaps.

Studying Curiosity in Early Childhood

A central tenet of early developmental theorists, such as Piaget and Vygotsky, is that
young children’s learning is driven by active exploration of the world around them. Most work to
date on epistemic curiosity in young children focuses on how the task itself — such as its novelty,
complexity, or ambiguity — shapes children’s exploration and information seeking (Berlyne,
1954; Lowry and Johnson, 1981; Loewenstein, 1994; Litman et al., 2005; Jirout and Klahr,



2012). Much of what we know about curiosity comes from lab-based studies examining
children’s task preferences. Direct behavioral assessments in these studies have examined a
range of subdomains within epistemic curiosity, including spontaneous exploration, exploratory
preference, novelty preference, preference for complexity or the unknown, and preference for
uncertainty or ambiguity. For example, eye-tracking studies have found that infants tend to
attend more to moderately complex events than to either overly complex or overly simple ones
(Kidd, Piantadosi, & Aslin, 2012). Similar patterns emerge in preschoolers. Schulz and Bonawitz
(2007) found that children were more likely to explore a toy when causal relations were
ambiguous, for example, when multiple confounding factors made it unclear which lever
controlled the toy.

Ambiguous, surprising, or unexpected events also tend to elicit children’s information-
seeking curiosity through questions and explanations in adult—child conversations (Frazier et al.,
2009). Asking questions in preschool is often described as a “theory drive,” reflecting children’s
strong motivation to seek explanatory information to better understand the world around them
and resolve disequilibria (Gopnik, 1998; Isaacs, 1930; Piaget, 1954). Frazier and colleagues
(2009) examined this in a scripted interaction in which they asked children a set of questions,
provided scripted adult answers, and coded their responses to determine whether children
responded differently to good versus weak explanations. Children showed greater information
seeking, such as asking more questions, when the explanation made more sense, suggesting that
curiosity often aims to reduce uncertainty and to understand why things happen, rather than
being a general preference for novelty.

Researchers have also designed a set of tasks to assess how much children explore as a
function of uncertainty. In one of the earliest versions of this task, Kreitler, Zigler, and Kreitler
(1975) presented children with pictures of houses, each with two flaps. One flap revealed what
was underneath (known outcome), whereas the other was blank (unknown outcome). Children
were allowed to open one flap per house; they tended to choose the flap that revealed something
new or unknown, suggesting they were more curious about the uncertain option than the one
whose contents were already visible. In one of the few existing computer-based tasks on
curiosity, Jirout and colleagues developed “Underwater Exploration” (Jirout & Klahr, 2012) to
assess children’s preferred level of uncertainty. Children chose which submarine window to open
to see a fish. Each window offered a different level of uncertainty, ranging from fully known to
completely unknown. They found that children preferred a medium level of uncertainty rather
than either fully known or completely unknown. To date, research on this task has not explored
its relation to information seeking or other domains of functioning, nor has it been used in large-
scale studies.

Parent- and teacher-reported measures of epistemic curiosity (e.g., I/D-Young Children,
Piotrowski, Litman, & Valkenburg, 2014; the Epistemic Curiosity Scale [ECS], Litman &
Spielberger, 2003) provide retrospective accounts of patterns in young children’s curiosity over
time. However, these measures often overlap with intelligence or behavioral compliance and
may overlook the child’s information-seeking process and drive. Jirout and Klahr (2012) propose
that adult-report measures are often best used as convergent validity checks for direct
assessments of epistemic curiosity.

Associations Between Curiosity in Preschool and Functioning in Other Domains



Neuroscientific research with adults shows that curiosity activates the brain’s dopamine
reward system and prepares the hippocampus for encoding, creating conditions that enhance
retention of both the information sought and unrelated material encountered alongside it (Gruber,
Gelman, & Ranganath, 2014; Gruber & Ranganath, 2019). Whether these mechanisms operate
similarly in preschool-aged children remains untested. McCoy and Sabol (2025) argue that
curiosity is both fundamental and active: it develops through children’s ongoing engagement
with the physical and social world and, unlike domain-specific skills, spans cognitive, social, and
emotional development. Jirout and colleagues (2024) similarly contend that children’s curiosity
motivates and guides learning and should be associated with positive outcomes across
developmental domains.

There is limited research on how curiosity relates to other domains of functioning. One
exception is the Fullerton Longitudinal Study, which followed 118 children from kindergarten
through high school. The study found that parental stimulation of curiosity in kindergarten (e.g.,
exposing children to new experiences, promoting curiosity, and encouraging them to ask
questions) was associated with higher rates of intrinsic motivation and academic achievement in
middle school, which, in turn, predicted higher academic achievement in high school (Gottfried
et al., 2016).

Other work suggests that curiosity may be linked to stronger vocabulary skills. Curious
children ask more questions, receive richer child-directed speech from caregivers, and process
incoming language in a neurologically primed state for encoding. Each of these represents a
hypothesized pathway through which curiosity may promote vocabulary growth (Begus &
Southgate, 2012; Chouinard, 2007; Kang et al., 2009; Gruber, Gelman, & Ranganath, 2014).
Jirout and Klahr (2012) note that the curiosity-vocabulary relation is likely bidirectional: a larger
vocabulary expands the range of concepts a child can wonder about, while curiosity encourages
question-asking and information-seeking, which in turn accelerate vocabulary growth. This
positive cycle suggests that curious children have larger vocabularies and learn new words faster.

Few empirical studies have examined associations between curiosity and vocabulary
skills in preschool-aged children. Shah et al. (2018) used a nationally representative sample of
6,200 U.S. kindergarteners to find that parent-reported curiosity correlates cross-sectionally with
current reading achievement (an outcome tied to vocabulary), independent of children’s effortful
control. Nonetheless, this and other work may be affected by both measurement and selection
issues. Chiefly, most prior studies of curiosity and its correlations with child outcomes have
relied on adult reports of curiosity (Jirout & Klahr, 2012), which may be biased or conflate
curiosity with other aspects of children’s behavior (Alan & Mumcu, 2024). Low or null
correlations between behavioral and parent-report curiosity measures are a well-documented
pattern in the field (McCoy & Sabol, 2025), and this discrepancy is not merely methodological
noise: caregiver-report scales are systematically distorted by socioeconomic status, with higher-
education, higher-income parents rating their children’s abilities more favorably regardless of
their children’s actual behavior (Zheng et al., 2024).

Research has also typically not accounted for variables such as family background and
parental characteristics, which could explain or moderate the observed associations between
curiosity and other outcomes. Research in a nationally representative sample found that
household socioeconomic status and stimulating parenting practices were each independently
associated with children’s curiosity (Shah et al., 2018), and that parenting practices were
particularly relevant for the curiosity of low-income children (Shah et al., 2023). These findings



underscore the need for research on curiosity to more carefully consider family characteristics as
potential sources of measurement invariance, confounding, or moderation.

Current Study

The present study aims to make two contributions. First, we describe the development
and validation of the Animal Game, a brief, directly administered behavioral task that yields
reliable and valid scores for two theoretically distinct types of epistemic curiosity — I-type and
D-type — in preschool-aged children. To our knowledge, no existing measure for this age group
distinguishes these two curiosity types behaviorally or uses a method that can be easily
integrated into field-based research. This gap matters. If I-type and D-type curiosity have distinct
antecedents and predict different outcomes, as the adult literature suggests, a measure that
conflates them obscures which dimension of curiosity an intervention should target and what
downstream effects to expect. A tool capable of distinguishing them behaviorally, in a brief
format suitable for field settings, would therefore represent both a psychometric and a conceptual
advance.

Second, using this validated measure, we test whether the concurrent association between
curiosity and receptive vocabulary, assessed with the Peabody Picture Vocabulary Test, a
directly administered behavioral measure, holds up under a comprehensive set of controls for
child demographics and parental characteristics. Together, these contributions provide both the
measurement infrastructure and the empirical evidence needed to treat curiosity as a viable target
for early childhood intervention.

As an exploratory extension, we test whether the curiosity—vocabulary association varies
across child and family characteristics, including parental education, income, parental stress, and
parental beliefs about learning. This bears on a question of both theoretical and practical
importance: is curiosity a universal predictor of early vocabulary skills, or is this association
contingent on the enriched environments that higher-income families are better equipped to
provide?

Method

Task Description and Development

The Animal Game is a 10-trial behavioral task administered to children ages 3 to 6 by a
trained research assistant. The measure was conceptually adapted from Jirout and Klahr’s (2012)
Underwater Exploration game, designed for children in preschool through grade 1. Like that
measure, Animal Game trials ask children to choose a novel or familiar stimulus to be revealed,
but each trial offers a binary choice rather than a range of options varying in levels of
uncertainty. This is because the purpose of the Animal Game is to provide a general measure of
epistemic curiosity rather than to identify optimal levels of uncertainty for engaging children’s
curiosity. The design and user experience of the Animal Game were inspired by popular mobile
app-based games for children (e.g., Sago Mini World, Toca Boca Jr, PBS Kids Games, Endless
Reader, Khan Academy Kids), which feature a variety of animals, a theme commonly appealing
to young children. We chose to include many kinds of animals in the game to be inclusive of
children’s diverse preferences and to avoid conflating children’s choices with their preference or
non-preference for specific kinds of animals.



Each trial presents the child with two stimuli side by side: (1) a silhouette of a familiar
animal that children in this age group are expected to recognize, and (2) a closed box concealing
a mystery animal. The research assistant asks the child to choose which animal they want to see.
The animals revealed from the boxes are always less familiar to preschoolers than those in the
silhouettes, making it clear that choosing the box indicates a preference for the unknown over the
known. After the reveal, the research assistant tells the child the animal's name and asks whether
the child would like to learn more about that animal. The child's yes-or-no answer is recorded.
Figures 1a—1c show the practice trial, illustrating how children experience the assessment.

Figure 1a

Trial before child makes a choice

Figure 1b

Trial after child chooses to reveal the box (novel)



Figure 1c

Trial after child chooses to reveal the silhouette (familiar)

The Animal Game is designed to produce two scores: a Novelty Score aligned with I-type
curiosity, and a Novelty + Knowledge-Seeking (NKS) Score that also aligns with D-type
curiosity. Details on the approach to scoring used in this study are provided below.

Stimuli

The assessment is hosted on a website and can be administered virtually or in person. The
present study included assessments administered at two time points (baseline and endline), with
different animals used in each of the ten trials at each time point to avoid duplicate exposure to
the same assessment items. Aside from the different animal stimuli, the baseline and endline



assessment batteries were identical in structure and length. However, the animals were carefully
selected to be comparably familiar (silhouettes) or less familiar (in the box) across the two
assessments. Children’s familiarity with the animals in the trials for both assessments, the
feasibility of administering the assessments, and the variance in children’s scores were
established through pilot testing with children.

Each assessment begins with a practice trial featuring a familiar lion silhouette and a less
familiar wildebeest in a box to demonstrate how the assessment works to children. Table A1l
shows the order in which familiar and novel items appeared in the baseline and endline
assessments.

Administration Protocol

In the present study, a trained research assistant administered the assessment one-on-one
via Zoom, using screen sharing and a co-browsing plug-in that allowed children to point to
selections with their cursor. No reading was required; children responded verbally or by
pointing, and the research assistant recorded responses and advanced the assessment. Most
children joined from home on tablets or computers; a few used mobile phones. Assessments
were conducted in English or Spanish, depending on the child's primary language, and lasted 10—
15 minutes. Parents were asked to be present but not to assist.

The research assistant began with a practice trial: “Let's try this game once before we
start. Do you know what animal this might be? [Hovers cursor over silhouette.] Behind this box
is another animal. [Hovers cursor over box.] Which animal do you want to see? [Reveals
selection.] You chose a [selected animal]! For the rest of the game, you can only pick one animal
to see. Are you ready to play?” For each of the 10 test trials, the research assistant presented two
prompts in sequence. The I-type curiosity prompt asked: “Which one do you want to see: this
one [hovers cursor left] or this one [hovers cursor right]?” After revealing the selection, the
research assistant asked the D-type curiosity prompt: “Do you want to keep going, or do you
want to learn more about [selected animal] first?” If the child chose to learn more, the research
assistant read a prepared animal fact expected to provide novel information to the child (e.g.,
“Some types of jellyfish can glow in the dark™; “Tigers are good swimmers — they like to cool
off in pools and streams on hot days”).

Sample

The analytic sample for the present study included 594 parent—child dyads who
participated in a randomized controlled trial (RCT) of a text message—based parenting
intervention designed to support vocabulary development and curiosity in preschool-aged
children (Rury et al., 2025). A total of 730 participants were randomized in the original RCT;
however, 16 parents dropped out during the intervention, 8 children missed either the vocabulary
or curiosity assessments at baseline, and 112 children missed one or both assessments at endline.
These 136 participants were therefore excluded from our analyses. Families were recruited for
the RCT through the distribution of an online interest form by housing authorities, libraries, and
local health clinics, as well as nationally via Facebook social media advertising. To be included
in the study, families had to live in the United States, speak English or Spanish, have a 3- to 6-
year-old child without a major learning disability or delay, and have internet access at home to
complete assessments. Data were collected between March 2023 and March 2024: baseline



assessments took place from March to April 2023 (phase 1) and from June to August 2023
(phase 2), and follow-up assessments from October to December 2023 and from February to
March 2024, respectively. The RCT was approved by the Social and Behavioral Sciences
Institutional Review Board at the University of Chicago (IRB21-1894) and registered in the
AEA RCT Registry (AEARCTR-0008652); parents provided informed consent prior to
participation.

The 594 children in the analytic sample ranged in age from 3.0 to 6.6 years (M = 4.20
years, SD = 0.72). About 48% were male. 91% primarily spoke English, 7% spoke Spanish, and
the remaining 1.5% primarily spoke other languages at home. Sixty-five percent attended
preschool. Most parents were female (98%) and came from diverse racial and ethnic
backgrounds: 42% identified as White only, 28% as Black only, and 21% as Hispanic or Latino.
Approximately 52% of parents held a bachelor's degree, and the average household income was
$44,355 (SD = $25,756). Table A2 presents detailed demographic characteristics. Consistent
with the pre-analysis plan of the RCT, the baseline survey collected only demographic
characteristics pre-specified for subgroup analyses.

All but one of our analyses rely on baseline (pre-treatment) data. Most participants (552
of 594; 92.9%) had complete data on both the curiosity and vocabulary measures at baseline. All
594 children had complete PPVT scores, 574 (96.6%) had complete Novelty Scores, and 552
(92.9%) had complete NKS Scores; analyses involving each score were limited to children with
complete data on that score. Children with incomplete curiosity scores did not differ significantly
(Welch tests, ps = .60 and .31) from those with complete curiosity scores on the baseline PPVT,
though they were younger (M = 3.97 and 3.90 vs. 4.21 years), lived in households with lower
per-capita income (M = $5,450 and $7,120 vs. approximately $11,200), and their parents were
less likely to hold a bachelor's degree (16% and 29% vs. 53%; all ps < .05).

For test-retest reliability analyses, we included data from both baseline and the follow-up
assessment, conducted approximately six months after baseline. These analyses used data from
the 204 children in the analytic sample who were randomly assigned to the control group of the
RCT and therefore received no intervention between assessments. Of these 204 children, 182 had
complete Novelty Scores at both time points, 160 had complete NKS Scores, and all 204 had
complete PPVT scores. Attrition was not selective on the study's focal measures: the 32 children
without complete follow-up Animal Game scores did not differ from completers on baseline
Novelty (M =5.63 vs. 5.52, p = .86), baseline NKS (M = 3.70 vs. 3.06, p = .29), baseline PPVT
(M =24.91 vs. 24.64, p = .89), per-capita household income (p = .72), or parental education
(53% vs. 54% with a bachelor's degree, p = .92). A joint Wald test of eleven baseline
characteristics likewise did not reject random attrition (y*(11) = 16.8, p =.11). Non-completers
were somewhat younger than completers (M = 3.93 vs. 4.24 years, p = .015).

Measures

Animal Game

Details of the Animal Game and its administration are described above. Two scores are
derived from the 10 trials. The Novelty Score (range: 0—10) is the total number of trials in which
the child chose the mystery box. This behavioral indicator of I-type curiosity reflects a



preference for novel over familiar stimuli. After choosing their preferred stimuli, children are
asked whether they want to learn more about the animal. The Novelty + Knowledge-Seeking
(NKS) Score (range: 0—10) is the total number of trials in which the child both chose the mystery
box and indicated a desire to learn more about the animal. This behavioral indicator of D-type
curiosity requires both a preference for novelty and active knowledge-seeking. The NKS Score is
structurally a subset of the Novelty Score: a child cannot score higher on NKS than on Novelty.
Scores for the present study were calculated by simple summation; no weighting or
transformation was applied. Only children who completed all 10 trials received scores;
incomplete cases were excluded from analysis.

Child Vocabulary: Peabody Picture Vocabulary Test

We assessed children's receptive vocabulary using a 62-item version of the Peabody
Picture Vocabulary Test (PPVT; Dunn & Dunn, 2007), administered virtually on Zoom
immediately before the Animal Game at both baseline and endline. Initial testing revealed that
the full-item PPVT took twice as long to administer virtually as in person, and many children did
not remain engaged long enough to reach their true ceiling. Our shortened assessment followed
the same item-difficulty sequence as the standard PPVT, and most children completed it in less
than 25 minutes, reaching their true ceiling. We selected 62 items from the PPVT to match the
number and sequence of tier 1, 2, and 3 vocabulary items (Beck et al., 2013) as they appear in
the full PPVT administration. Beck and colleagues define vocabulary tiers as follows: tier 1 as
basic/everyday words (i.e., eat, run, big); tier 2 as high-utility academic words acquired naturally
through conversation (i.e., appetite, exercise, enormous); and tier 3 as low-frequency, domain-
specific or technical words (i.e., photosynthesis, metamorphosis, peninsula).

To verify that the abbreviated form captures the expected developmental gradient, we
piloted it with 24 preschoolers (ages 3—5; 17 English-speaking, 7 Spanish-speaking). Mean sum
scores increased monotonically across age groups (three-year-olds: M = 11.67, SD = 4.64; four-
year-olds: M = 18.71, SD = 8.69; five-year-olds: M = 19.80, SD = 5.85), and age correlated
positively with score (r = .51, p =.012), consistent with the developmental gradient observed in
the PPVT-4 standardization sample. For each item, the child was shown four pictures and asked
to point to the one that matched a spoken word. Scores were the total number of items answered
correctly, with a possible range of 0—-62 (observed range: 2—51). Baseline sum scores were used
in all concurrent validity analyses. As an unconstrained language skill that does not converge
rapidly with formal instruction (McCormick et al., 2021; Paris, 2005), the PPVT is well-suited to
detect associations with the motivational signature of early curiosity.

Parent-Report Curiosity Proxies

Two items from the baseline parent survey asked parents whether their child prefers (1)
familiar or novel activities and (2) familiar or novel conversational topics, each rated 0 (Very
familiar) to 10 (Very new). These items were averaged to form a composite parent-reported
novelty preference score. One additional item asked parents to rate their child's overall curiosity
relative to other preschool-aged children in the US (0 = Far less curious to 10 = Far more
curious). Both measures served as supplementary external indicators in the validity analyses.



Analytic Approach

Analyses proceeded in two parts. Part one addressed the psychometric validation of the
Animal Game through six analyses: score distributions, internal consistency (Cronbach's alpha
and KR-20 for binary items), test—retest reliability over a six-month interval in the control group,
developmental (age) sensitivity, confirmatory factor analysis (CFA) of the two-score structure,
and convergent and discriminant validity against two parent-report measures — a novelty-
preference composite and a relative curiosity rating — with Steiger's (1980) tests assessing
whether these correlations differ across the two scores. CFA models were estimated using the
WLSMYV estimator with polychoric correlations, appropriate for binary item responses (Brown,
2006; Wu & Estabrook, 2016). We compared three factor structures — a one-factor model, a
two-factor model separating the Novelty and NKS items, and a bifactor model — using scaled
chi-square difference tests alongside conventional fit indices: RMSEA (< .08 adequate, < .06
good), CFI and TLI (> .90 acceptable, > .95 good), and SRMR (Brown, 2006). Measurement
invariance was evaluated sequentially by child sex and parental education, using changes in
RMSEA and CFI as fit criteria (invariance supported when ARMSEA <.010 and ACFI > —-.010)
(Rutkowski & Svetina, 2017; Svetina et al., 2020).

Part two examined the association between children’s curiosity and vocabulary scores.
We regressed baseline PPVT scores on each curiosity score using OLS across three
specifications: unadjusted (Model 1); with demographic controls — child sex, child age, parent
sex, parental education (BA degree), and per-capita household income (Model 2); and with
additional parent and home characteristics — preschool enrollment, home language, parent
stress, parent fatigue, parent fixed mindset, and parental valuation of curiosity (Model 3).
Missing covariate values were handled via multiple imputation (predictive mean matching, m =
20); curiosity scores and PPVT were not imputed. We report standardized coefficients. As an
exploratory extension, we tested whether the curiosity—vocabulary association varied across
child and family characteristics by adding one interaction term at a time between each of the 11
control variables and the curiosity score to the Model 3 specification, applying a Benjamini—
Hochberg false discovery rate correction within each set of 11 tests.

Results

Psychometric Findings from the Animal Game

Score Distributions

We first examined variance in children’s scores. The mean Novelty Score from the
Animal Game was 5.57 (SD = 3.21; n = 574), indicating that, on average, children chose the
mystery box on roughly half of the 10 trials. This midpoint is desirable, suggesting neither floor
nor ceiling effects dominate. In other words, the task was neither too easy nor too hard, leaving
room to capture the full range of children’s novelty-seeking. Floor effects were modest (6.97%
scored 0), and ceiling effects were moderate (13.41% scored 10). Item-level endorsement rates
ranged from .42 to .65, with no trial showing an extreme rate, meaning no single animal pair was
so appealing or unappealing that nearly every child responded the same way. The mean NKS
Score was substantially lower at 2.95 (SD = 2.88; n = 552), consistent with the higher behavioral
threshold this score requires. Floor effects were more pronounced (25.18% scored 0), and ceiling



effects were minimal (2.90%). The Novelty Score distribution approximated normality, whereas
the NKS Score was right-skewed, with a concentration of low scores. Active knowledge-seeking
was rarer and harder to elicit than a simple preference for novelty. Full item-level statistics are
presented in Table A3.

Internal Consistency

The Novelty Score demonstrated strong internal consistency (o = .85, n = 574),
confirming that a child who seeks novelty on one trial is more likely to do so on other trials.
Corrected item-rest correlations ranged from .45 to .61, and alpha-if-item-deleted values ranged
from .83 to .84, indicating that all 10 trials contribute meaningfully to the scale and that
removing any would not improve reliability. The NKS Score showed a similar pattern (o = .83, n
= 552), with item-rest correlations from .39 to .61 and alpha-if-item-deleted values from .81 to
.83. Both scores met or exceeded the .80 threshold typically recommended for good research
(Nunnally & Bernstein, 1994; DeVellis, 2017). Because coefficient alpha can be biased for
binary items, we also computed categorical omega from the two-factor CFA (Green & Yang,
2009); estimates were nearly identical (o = .86 for Novelty and ® = .84 for NKS), indicating that
these reliability estimates are not artifacts of the binary item format. Item-level statistics are
presented in Table A3.

Test—Retest Reliability

Test—retest reliability was evaluated over a 6-month period using only the control group,
which received no intervention between assessments. For the Novelty Score (n = 182), the
baseline mean was 5.52 (SD = 3.13) and the follow-up mean was 5.65 (SD = 3.02); Pearson r =
207 [.063, .342], ICC (3,1) = .206 [.063, .341], and age-partialed r = .208. For the NKS Score (n
= 160), the baseline mean was 3.06 (SD = 2.88) and the follow-up mean was 3.26 (SD = 2.96); r
=.2311[.079, .373], ICC (3,1) = .231 [.079, .372], and age-partialed r = .235 (Table A4). These
coefficients were low in absolute terms but unsurprising given a six-month retest interval in
preschoolers, during which both maturational change and session-to-session state variability
attenuate individual-difference stability (Beck et al., 2011; Miiller et al., 2012). Modest retest
values are further expected for behavioral tasks whose robustness derives partly from low
between-subject variance, which mechanically constrains individual-difference reliability even
when a task performs well at the group level (Hedge, Powell, & Sumner, 2018). Mean-level
change was negligible across sessions (Novelty: 5.52 — 5.65; NKS: 3.06 — 3.26), so the
observed stability reflected rank-order consistency rather than a shift in average performance; the
near-identical Pearson and consistency-ICC values were consistent with this. Age-partialing
produced negligible differences (Novelty: .207 — .208; NKS: .231 — .235).

Developmental Sensitivity

We analyzed each Animal Game score as a function of child age using both linear and
quadratic OLS regressions with robust standard errors, and we examined mean scores by age
tertile (Tables AS and A6). For the Novelty Score, there was a slight decline with age (b =—0.43,
SE =0.19, p <.05): the youngest tertile (3.05-3.83 years) averaged 5.73, while the oldest tertile
(4.49-6.56 years) averaged 5.08. The quadratic term was not significant, indicating a steady
rather than a curved decline. For the NKS Score, age effects were minimal: scores were nearly
identical across tertiles (2.90, 3.03, 2.90), and neither linear nor quadratic effects were



significant, suggesting that knowledge-seeking remained roughly constant across this age range
in this sample.

Factor Structure and Measurement Invariance

To assess whether the Novelty and NKS constructs represent two distinct dimensions of
curiosity, we conducted confirmatory factor analysis (n = 552) using all 20 binary items (10
Novelty, 10 NKS) with the WLSMYV estimator and polychoric correlations. We compared three
models: a one-factor model, a two-factor model (separating Novelty and NKS), and a bifactor
model. The one-factor model fit poorly (RMSEA = .083, CFI = .886, SRMR = .148). The two-
factor model fit considerably better (RMSEA = .067, CFI = .926, SRMR = .136) and was
favored over the bifactor model (RMSEA = .068, CFI =.927, SRMR = .136) on parsimony
grounds. Scaled chi-square difference tests supported this ordering: the two-factor model fit
significantly better than the one-factor model (Ay?(1) = 82.57, p <.001), whereas the bifactor
model did not significantly improve on the two-factor model (Ay*(9) = 15.12, p = .088).
Standardized loadings ranged from .611 to .844 for the Novelty factor and from .541 to .842 for
the NKS factor, all ps <.001. The latent inter-factor correlation was r =.729 (SE = .031, p <
.001), consistent with the nested scoring structure of the two scores. These analyses support
treating Novelty and NKS as two related but distinct dimensions of curiosity. Model fit statistics
are shown in Table A7.

We assessed measurement invariance by child sex and parental education (BA degree vs.
less schooling) using the sequential WLSMYV approach. Full scalar invariance was confirmed
across both grouping variables: all ARMSEA and ACFI changes met the recommended
thresholds of ARMSEA < .010 and ACFI > —.010 (Rutkowski & Svetina, 2017). Therefore, the
Animal Game measures curiosity consistently regardless of child sex or parental education,
supporting valid score comparisons across these demographic groups. Invariance results are
shown in Table AS.

Convergent Validity and Cross-Score Differentiation

We tested whether Animal Game scores were associated with the two parent-report
measures: a novelty-preference composite (average of two items; correlation between items r =
.374) and a relative curiosity rating. Parent-report measures showed nearly zero correlations with
both scores; none reached significance. This aligns with the well-documented discrepancy
between behavioral and parent-report measures of curiosity (Jirout & Klahr, 2012; McCoy &
Sabol, 2025) and with cross-method discrepancies in early childhood assessment more broadly
(De Los Reyes & Kazdin, 2005). The correlation between the two scores was r =.596 (p < .001),
reflecting the nested scoring structure. Steiger's (1980) tests examined whether external measures
correlated differently with the two scores; none were significant at o = .05, although the relative
curiosity rating (Ar =—.066, z=—1.717, p = .086) trended in the expected direction. The results
are summarized in Tables A9 and A10.

Association between Curiosity and Vocabulary

We tested whether Animal Game scores are correlated with children’s vocabulary, a
developmental outcome that matters for later learning. Baseline PPVT correlated positively with



both the Novelty Score (r=.115, p <.01, n = 574) and the NKS Score (r=.181, p<.001,n=
552); a Steiger (1980) test of the difference between these correlations was marginal (Ar = —.068,
z=-1.807, p=.071, n = 552), directionally consistent with the idea that D-type curiosity is more
closely tied to language. An important question is whether this link simply reflects family
advantage. Building on the convergent validity evidence, we examined the sensitivity of the
curiosity—vocabulary association using regression models that accounted for potential confounds.
Table A11 presents OLS estimates predicting baseline PPVT from each curiosity score (N = 574
for Novelty; N = 552 for NKS, all treatment arms). The unadjusted associations replicate the
zero-order correlations reported above: Novelty = .115 (p =.006) and NKS = .181 (p <.001).
These associations are robust to a standard set of demographic controls including child sex, age,
parent sex, parental education, and per-capita household income (Model 2: Novelty p=.112,p =
.003; NKS B =.144, p <.001) and to a fully extended set of covariates that additionally includes
preschool enrollment, home language, parent stress, fatigue, fixed mindset, and parental
valuation of curiosity (Model 3: Novelty f =.114, p =.002; NKS  =.150, p <.001). The
stability of estimates across models indicates the curiosity—vocabulary association is not fully
explained by the socioeconomic and parental characteristics measured here, though unmeasured
confounders cannot be ruled out.

Lastly, an exploratory extension tested whether the curiosity—vocabulary association
varied across the 11 background characteristics included as controls in Model 3. We estimated
interaction models separately for each curiosity score (Novelty and NKS), adding one interaction
term at a time between each of the 11 control variables and the relevant curiosity score to the
Model 3 specification. Because these are exploratory tests with no strong a priori directional
predictions, we applied a Benjamini—Hochberg false discovery rate correction within each set of
11 tests. None of the interaction terms survived correction in either score. These null results
suggest that the curiosity—vocabulary correlation holds up with an unusually stringent set of
background controls and does not vary meaningfully along the demographic and parenting
dimensions measured here. The association between a child's epistemic orientation and
vocabulary is comparable in size regardless of family income, parental education, parenting
stress, or beliefs about learning.

Discussion

Curiosity has been identified as a crucial driver of young children’s subsequent learning
and development, yet it is rarely targeted in early childhood interventions. A key barrier to
studying curiosity in applied settings is the lack of reliable, easy-to-use field-based measures.
This study examined the reliability, validity, and factor structure of the Animal Game, a new
measure of epistemic curiosity for preschool-age children that can be integrated into applied
research contexts. We also examined the relation between curiosity (as measured by the Animal
Game) and children’s vocabulary scores. Across multiple psychometric indicators (e.g., internal
consistency, factor structure), the Animal Game proved to be a robust measure of children’s
epistemic curiosity. It also showed meaningful positive associations with concurrent vocabulary
that held when accounting for a rich set of demographic and parental controls, including
household income, parental education, stress, and parental beliefs about learning. These findings
suggest that a child's epistemic curiosity in early childhood is independently associated with
early language skill and is not simply a proxy for family advantage.



Psychometric Evidence for the Animal Game

Overall, evidence from this study supports the Animal Game as a psychometrically
robust measure of children’s epistemic curiosity. First, both the Novelty Score (o = .85) and the
NKS Score (o = .83) show strong internal consistency, exceeding the .80 benchmark for good
research measures (Nunnally & Bernstein, 1994; DeVellis, 2017; on the appropriate application
of such benchmarks, see Lance, Butts, & Michels, 2006). Both I-type and D-type curiosity are
therefore captured reliably across trials, establishing the Animal Game as a sound basis for
examining individual differences in young children's epistemic curiosity. This is a high standard
for a behavioral task with preschoolers, whose behavior and choices are more variable from one
moment to the next (Beck et al., 2011; Miiller et al., 2012). All 20 item-total correlations were
uniformly strong, and removing any trial would not improve its respective scale, indicating that
the 10-trial structure is well-calibrated and that no animal pair is systematically anomalous. For a
new measure, this is an encouraging psychometric foundation.

Second, confirmatory factor analysis provides the key structural evidence for the I-
type/D-type distinction. A two-factor model separating the Novelty and NKS factors fit our data
substantially better than a one-factor alternative capturing overall epistemic curiosity. This two-
factor model was also preferred on parsimony grounds over the bifactor model, which adds a
general curiosity dimension shared by all items alongside the two specific dimensions we
targeted. The added complexity of a general factor was not warranted for our data. Overall, these
results suggest that I-type and D-type dimensions are sufficiently related to conclude that they
each broadly tap epistemic curiosity, yet distinct enough to justify measuring them separately.
Full scalar measurement invariance held across child sex and parental education, indicating that
score comparisons between these groups are psychometrically valid. That the measure functions
equivalently for children of college-educated and non-college-educated parents is central to
interpreting group differences as reflecting meaningful differences in curiosity rather than
measurement artifacts. This work is particularly important given past evidence of differences in
children’s curiosity scores by socioeconomic indicators (Shah et al., 2018).

Third, test-retest reliability over six months was low to moderate. Such stability is
expected for individual differences in this age group: rank-order consistency is lowest in early
childhood and increases with age, and stability declines as the interval between assessments
lengthens, so developmental change in curiosity will attenuate rank-order correlations even when
the underlying construct is stable (Roberts & DelVecchio, 2000; Fraley & Roberts, 2005). In
other words, the test-retest reliability statistics presented in this study should be interpreted as
conservative lower bounds of true reliability: they reflect a combination of measurement
reliability and real change in curiosity over a period during which children’s social and cognitive
environments are actively shaping their dispositions.

The developmental picture differed across the two dimensions of curiosity in a
theoretically coherent way. Cross-sectionally, the Novelty (I-type) Score declined modestly with
age. Older preschoolers chose the mystery box somewhat less often than younger ones (b =
—0.43 per year), whereas the NKS (D-type) score was essentially flat across the 3—6-year
window. The gentle I-type decline is consistent with novelty-seeking becoming more selective as
children's cognition matures. Rather than approaching every unknown indiscriminately, older
children may become more discerning about which unknowns are worth exploring. The flat D-



type slope, by contrast, runs counter to the theoretical expectation that knowledge-seeking should
rise alongside the social and linguistic development of the preschool years.

Several factors could explain the absence of an age trend in D-type curiosity. The 3—6-
year range may be too narrow, or the 10-trial format too coarse, to capture a gradual
developmental trend; alternatively, D-type knowledge-seeking may depend on social and
linguistic competencies that mature over a longer horizon than this study captures, so meaningful
differentiation emerges only beyond the preschool window. We therefore do not interpret the flat
slope as evidence against development in D-type curiosity. Reassuringly, this cross-sectional
pattern aligns with what we observed longitudinally: over the six-month retest interval, mean
scores on both dimensions were virtually unchanged, as expected, since a decline of roughly 0.4
points per year between ages 3-6 is too small to surface over such a short interval. Taken
together, these results do not show the steep "erosion" of curiosity that some developmental
accounts anticipate as children move through early schooling (Engel, 2011; Jirout et al., 2024); if
anything, I-type curiosity edges downward gradually while D-type holds steady. Whether that
reflects genuine stability in children's epistemic orientation during ages 3—6, features of this
sample, or limits on the measure's sensitivity to change is worth pursuing in larger, more
representative, and ideally longitudinal samples.

Finally, convergent validity evidence showed that parent-report curiosity proxies had
near-zero correlations with both Animal Game scores. These findings align with prior work on
curiosity, which has generally shown minimal overlap among scores from different curiosity
measures, particularly when measures tap different sub-dimensions of curiosity or use different
data collection formats (Jirout & Klahr, 2012; Grossnickle, 2016). As McCoy and Sabol (2025)
and De Los Reyes and Kazdin (2005) document, cross-method discrepancies in behavioral
constructs are the norm rather than the exception. Such discrepancies are compounded when
attempting to measure multi-dimensional constructs like curiosity (Jirout & Klahr, 2012).

It is still worth asking why the discrepancies between parent-reported curiosity and
Animal Game scores are so large. Two explanations are plausible and not mutually exclusive.
First, parent ratings and behavioral tasks may measure related but distinct constructs: parents
may be rating a trait-like sense of their child's intellectual engagement over time, whereas the
Animal Game aims to capture a momentary behavioral tendency toward novelty and
information-seeking in a structured context. Second, parent ratings in socioeconomically diverse
samples are systematically biased by parent characteristics; for instance, parents with more years
of education rate their children as more curious regardless of behavior (Zheng et al., 2024),
thereby suppressing correlations with an unbiased behavioral measure. The executive function
literature has grappled with a similar cross-method discrepancy (Toplak et al., 2013), and its
resolution may offer a useful framework: behavioral and rating-scale measures often show low
convergence not because one is wrong, but because they index different aspects of the construct
under different conditions. Together, these conclusions underscore the importance of
characterizing the scores produced by the Animal Game not as representations of children’s
holistic “curiosity,” but as a snapshot of their novelty preference and knowledge seeking in
response to a specific set of stimuli (animals). Similarly, these results suggest that researchers
interested in generating comprehensive accounts of children’s curiosity should complement the
Animal Game with other measures that capture different perspectives on or dimensions of
curiosity.



Advantages over Existing Measures

Overall, these psychometric findings suggest that the Animal Game can be used to extract
valid and reliable data on young children’s I-type and D-type epistemic curiosity, even when
applied remotely. It is worth situating these properties in the broader curiosity measurement
landscape. Most curiosity scales used with young children rely on parent or teacher reports and
have not undergone formal psychometric evaluation. Confirmatory factor analysis, tests of
measurement invariance, and test—retest data are largely absent from prior measurement work on
curiosity in this age group (Jirout & Klahr, 2012; Grossnickle, 2016). The few behavioral tasks
that exist for measuring curiosity were designed for controlled lab settings and have not been
validated in field-based or virtual contexts (e.g., FitzGibbon et al., 2019). The results from this
study are promising because they suggest not only that tasks like the Animal Game can be used
to generate psychometrically rigorous data on children’s curiosity, but that they can do so even in
the context of less tightly controlled, field-based research studies.

The Animal Game addresses several limitations of current measures of curiosity in young
children. Unlike caregiver-report scales, it does not require adults to interpret children’s
curiosity, thereby reducing systematic biases. Unlike observational measures, it can be
administered by a non-specialist in about 10—15 minutes in person or in a virtual environment.
Compared to narrowly defined topic-specific curiosity tasks (e.g., Gordon et al., 2015), it uses a
more generalized choice paradigm within the umbrella category of animals, which is broadly
appealing to children. Its unique contribution is its ability to distinguish between I-type and D-
type epistemic curiosity in a brief behavioral assessment.

The Animal Game also meets the practical criteria McCoy and Sabol (2025) propose for
foundational skills to be viable targets of early childhood intervention: measurability,
malleability, predictive validity, and universality. Regarding measurability, the present validation
data confirm that the task yields reliable and valid scores when assessed directly. On
malleability, evidence from the Learning Curiosity randomized trial shows that a parenting text
message intervention increased the NKS Score but not the Novelty Score (Rury et al., 2025),
suggesting that D-type curiosity may be more responsive to parenting interventions, though the
specific mechanisms remain to be identified. This pattern of differential malleability is
theoretically meaningful and has practical implications for how curiosity-focused interventions
should be designed and evaluated. Regarding predictive validity and universality, the present
study provides concurrent evidence that both scores are linked to receptive vocabulary across a
range of sociodemographic subgroups. We now turn to these results.

Curiosity and Vocabulary

The association between children’s curiosity and vocabulary was stronger for the NKS
Score than for the Novelty Score, consistent with the idea that D-type curiosity, which requires
both noticing a knowledge gap and actively seeking to fill it, is more tightly coupled to the
language-rich adult—child interactions through which vocabulary grows (Chouinard, 2007; Begus
& Southgate, 2012; Kang et al., 2009). This aligns with Jirout and Klahr's (2012) proposed
bidirectional cycle between curiosity and vocabulary growth, described above.

The exploratory interaction analyses suggest that this association is not contingent on
family circumstances. The curiosity—vocabulary link was statistically comparable across children



in our sample from lower- and higher-income households, children of more- and less-educated
parents, and families with higher versus lower parenting stress and fixed mindsets. This pattern is
consistent with the claim that epistemic curiosity is a foundational and relatively universal skill,
one whose relation to early language development does not depend on the enriched environments
that more advantaged families tend to provide. That said, these are cross-sectional associations
and cannot establish the direction or mechanism of the effect.

Limitations

Several limitations should be acknowledged. First, although the Animal Game can be
used to assess curiosity remotely while children are at home, it is still administered in a
structured, one-on-one context. Children’s behavior in such structured contexts may differ from
their naturalistic curiosity at home or in the classroom, and the relation between task-based and
naturalistic curiosity remains unestablished. Relatedly, the Animal Game focuses specifically on
animals. Although animals were selected for their hypothesized appeal across socioeconomic,
cultural, and other divides, prior work has found that children demonstrate varying levels of
curiosity depending on their individual interest in the stimuli (Jirout & Klahr, 2012). As such,
replicating the Animal Game with different stimuli (e.g., facts about academic content areas, the
physical world, social relationships, etc.) will be important for understanding the extent to which
children’s curiosity can be conceptualized as stimulus-general vs. -specific.

Second, the validation sample was drawn from a single study and recruitment context in
the United States. Although a strength of our study is that this sample included children from
sociodemographically diverse households, the measure’s properties in other geographic, cultural,
or linguistic contexts remain to be confirmed. Whether the novelty-preference paradigm captures
the same construct across children from different cultural backgrounds, including those for
whom exploration and information-seeking may be expressed differently, is an open empirical
question. Third, the six-month test-retest interval reflects a combination of true reliability and
developmental change; researchers using the Animal Game over shorter periods should expect
greater stability. Fourth, test-retest reliability was estimated only in the control group (effective
Ns of 182 for Novelty and 160 for NKS), which limits precision; confidence intervals are
accordingly wide, and the estimates should be treated as provisional. Fifth, all analyses are
correlational; no causal claims are made, and the direction of effects cannot be established from
this design. Sixth, the sample was recruited via Facebook and community organizations and is
not population-representative despite its socioeconomic diversity; generalizability to other
recruitment contexts should be tested. Seventh, the Animal Game was administered virtually via
Zoom; whether scores are comparable under in-person administration remains to be established.
Eighth, trials were presented in a fixed order, and item endorsement rates declined across trials
(from .65 to .42 for Novelty items; from .33 to .24 for NKS items); assessor observations of child
fatigue and the fact that the Animal Game was always administered after the PPVT suggest that
fatigue or habituation may contribute to within-task trends.

Future Directions

The Animal Game opens several productive avenues for research on the development and
consequences of epistemic curiosity in early childhood. Long-term studies linking Animal Game
scores in preschool to later academic engagement, question-asking, and school curiosity could
directly test whether D-type curiosity is more predictive of long-term educational success than I-



type curiosity, as theory suggests. Larger randomized trials with sufficient control-group
participants would have enough power to determine whether curiosity adds to vocabulary growth
beyond what is predicted by earlier vocabulary and growth in other academic and cognitive
skills. Large RCTs would also help us begin to establish causal evidence for interventions
designed to boost curiosity. Cross-cultural validation is especially important: McCoy and Sabol
(2025) show that existing evidence on the universality of curiosity, including whether it appears
similarly across children from different countries, ethnicities, and socioeconomic statuses, is too
limited to draw strong conclusions, partly because validated behavioral measures have not been
available to enable such comparisons. Children’s expressions of curiosity may look different
across cultural contexts (Kitamura et al., 2026), suggesting that different tools may be needed to
capture culturally specific behavioral manifestations.

A second set of priorities concerns the measure’s generalizability and scalability. Future
work should examine the Animal Game’s performance across a broader age range, using non-
animal stimuli to assess domain generality, in languages beyond English and Spanish, and in
classroom settings led by teachers rather than research staff.

Conclusion

The Animal Game is a brief, directly administered behavioral task that can yield reliable
and valid scores for two theoretically distinct forms of epistemic curiosity in preschool-aged
children. The Novelty Score (I-type curiosity) and NKS Score (D-type curiosity) are supported
by analyses of internal consistency, temporal stability, factor structure, measurement invariance,
and multi-method validity — a psychometric foundation strong enough to support use in field
research studies and, pending replication in independent samples, individual-level assessment.

Beyond its measurement properties, the present study uses the Animal Game to begin
correcting what McCoy and Sabol (2025) call the “streetlight effect” in early childhood
intervention research, the tendency to evaluate programs on a narrow set of easily measured
academic outcomes while leaving untouched the foundational skills that developmental theory
identifies as the engines of learning. Curiosity meets the criteria they propose for a foundational
skill, as detailed above. Critically, that association holds up under an unusually stringent set of
controls for child demographics and parental characteristics, suggesting it reflects an individual-
difference signal in children’s epistemic orientation rather than a proxy for family advantage.
The Animal Game provides researchers and evaluators with a practical tool for tracking that
signal, both as a component of school readiness and as a target of early childhood intervention.
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Appendix

Table Al. Items on the baseline and endline assessments

Baseline Endline Baseline Novel Endline Novel
Familiar Item Familiar Item Item Item

Practice Trial Lion Lion Wildebeest Wildebeest
Trial 1 Duck Frog Platypus Otter
Trial 2 Elephant Monkey Capybara Bongo
Trial 3 Turtle Dolphin Axolotl Jellyfish
Trial 4 Gorilla Tiger Lemur Sloth
Trial 5 Rabbit Seal Wombat Puffin
Trial 6 Owl Mouse Pangolin Opossum
Trial 7 Shark Octopus Stingray Manatee
Trial 8 Alligator Giraffe KDOr?gOO(LO Okapi
Trial 9 Snake Fox Jerboa Aardvark
Trial 10 Cat Bear Quokka Hedgehog

Note. The left-right order of the silhouettes and boxes alternated in each trial of the baseline and endline assessments.

Table A2. Sample Characteristics

Variable N M (SD) or %

Child characteristics
Age (years) 594 4.20 (0.72)
Female 594 51.9%
English-speaking 594 91.4%
Spanish-speaking 594 7.1%
Enrolled in preschool 594 64.8%

Parent characteristics
Female 594 98.1%
White 594 42.3%
Black 594 28.3%
Hispanic/Latino 594 20.7%
Bachelor’s degree or higher 586 52.0%
Household income ($ thousands) 592 44.4 (25.8)
Per-capita income ($ thousands) 591 11.0 (6.6)
Employed 594 51.5%

Note. All measures were collected at baseline, prior to randomization. Percentages reflect the proportion of valid responses.
Income reported in thousands of U.S. dollars.



Table A3. Item-Level Descriptive Statistics and Internal Consistency at Baseline

Novelty Score NKS Score
Trial N M Item-rest r N M Item-rest r
Total score 574 (gﬂ) a=.85 552 ég;) a=.83
Trial 1 (Duck — Platypus) 593 .65 45 586 .33 .39
Trial 2 (Elephant — Capybara) 593 .56 47 583 27 46
Trial 3 (Turtle — Axolotl) 590 .63 .58 576 34 .55
Trial 4 (Gorilla — Lemur) 589 .56 .60 579 28 54
Trial 5 (Rabbit — Wombat) 589 .56 .61 583 32 .61
Trial 6 (Owl — Pangolin) 588 .61 .54 576 .33 .52
Trial 7 (Shark — Stingray) 585 49 53 575 27 52
Trial 8 (Alligator — Komodo Dragon) 584 .54 .61 571 .30 .60
Trial 9 (Snake — Jerboa) 582 .52 .60 570 27 57
Trial 10 (Cat — Quokka) 578 42 49 564 24 49

Note. Novelty = child chose the mystery box; NKS = child chose the box and indicated a desire to learn more. Ns and item means
use all available responses per trial; item-rest correlations (each item vs. the sum of the remaining nine) and o. are computed among
children with complete scores (N = 574 for Novelty; N = 552 for NKS). Because items are binary, item SDs are determined by their
means (SD = \/[M( 1 — M)]). Total-score M (SD) shown in the Total row; floor and ceiling percentages for the total scores are
reported in the text.

Table A4. Test—Retest Reliability, Control Group (6-Month Interval)

Score N TIM@SD) T2M(SD) Pearsonr [95% CI] ICC(3,1) [95% CI] Partial r (age)
Novelty Score 182 5.52(3.13) 5.65(3.02) 207 [.063, .342] 206 [.063, .341] .208
NKS Score 160  3.06(2.88) 3.26 (2.96) 231 [.079, .373] 231 [.079, .372] 235

Note. ICC (3,1) = intraclass correlation, two-way mixed, consistency. Partial r controls for baseline child age. Control group
only (no intervention between assessments).

Table A5. OLS Regressions of Animal Game Scores on Child Age

Novelty Score NKS Score

Child age (b) —0.430%* —0.005 —0.018 1.400
(0.185) (1.892) (0.171) (1.776)
Child age? (b) —0.049 —0.162
(0.214) (0.200)
Constant 7.366%** 6.462 3.016%** —0.006
(0.795) (4.098) (0.730) (3.867)

N 572 572 550 550

R? .009 .009 .000 .001

Note. Robust standard errors in parentheses. ***p < .01, **p < .05, * p <.10. Excludes 2 cases with age < 3.



Table A6. Animal Game Scores by Age Tertile at Baseline

Age Tertile N Age Range (years) Novelty M (SD) NKS M (SD)
Youngest 191 3.05-3.83 5.73 (3.23) 2.90 (2.84)
Middle 186 3.844.48 5.86 (3.17) 3.03 (2.93)
Oldest 195 4.49-6.56 5.08 (3.17) 2.90 (2.88)

Note. Excludes 2 cases with age < 3 years. N reflects the number of children with complete Novelty Scores in each tertile; the
numbers of children with complete NKS Scores are 180, 176, and 194, respectively.

Table A7. CFA Model Fit Comparison (WLSMV Estimator, Baseline)

Model 7 df p RMSEA  RMSEA 90% CI  CFI TLI  SRMR
1. One-factor 810.69 170 <.001 0.083 [0.077, 0.088] 0.886  0.872  0.148
2. Two-factor 582.65 169  <.001 0.067 [0.061, 0.073] 0926 0917  0.136
3. Bifactor 570.77 160  <.001 0.068 [0.062, 0.074] 0927 0913  0.136

Note. N = 552 (children with all 10 Choice and all 10 Learn items non-missing). WLSMV = weighted least squares mean and
variance adjusted. Polychoric correlations used for all models.

Table A8. Measurement Invariance of the Two-Factor Model

Level e df RMSEA CFI TLI ARMSEA ACFI
Panel A: By Child Sex
Configural 811.22 338 0.071 0.920 0910 — —
Threshold 811.22 338 0.071 0.920 0910 0.000 0.000
Metric 761.41 356 0.064 0.931 0.926 -0.007 0.011
Scalar 784.53 374 0.063 0.930 0929 -0.001 -0.001
Panel B: By Parental Education (BA vs. Less)
Configural 867.64 338 0.076 0.903 0.891 — —
Threshold 867.64 338 0.076 0.903 0.891 0.000 0.000
Metric 804.06 356 0.068 0918 0913 -0.008 0.015
Scalar 828.29 374 0.067 0917 0916 -0.001 -0.001

Note. N = 552 for the child-sex panel and N = 545 for the parental-education panel (7 children missing parental education), all
included children have complete Choice and Learn items. Two-factor model (Novelty, NKS). Metric = threshold + loading
invariance. Scalar = threshold + loading + intercept invariance.

Table A9. Multi-Method Validity Matrix at Baseline: Zero-Order Correlations

External Measure Novelty Score n NKS Score n
Parent-Reported Novelty Pref —.011 573 .024 551
Parent-Reported Relative Curiosity —.048 574 .023 552
Inter-score (Novelty—NKS) S596%H* 552 — —

Note. Novelty preference composite = mean of two parent-survey items (inter-item r = .374). Relative curiosity = parent-
reported rating of the child's curiosity relative to other preschool-aged children. * P <.10, **p <.05, ***p <.01.



Table A10. Tests for Differences Between Correlated Correlations (Steiger, 1980)

. r(ext,

Comparison r(ext, Nov) NKS) Ar z P n
Parent-Reported Relative 043 023 —066 1717 086 552
Curiosity
Parent-Reported Novelty Pref —.009 .024 —.034 —0.874 382 551

Note. Tests whether correlations with the Novelty Score and NKS Score differ meaningfully. Correlations differ slightly from
those in Table A9 because Steiger tests use the matched subsamples with complete data on all three variables.

Table A11. Association Between Curiosity and Vocabulary

Model 1 Model 2 Model 3

p p p p p p
Panel A: Novelty Score (N =574)
BL Novelty Q5% .006 2% .003 JQ14%%* .002
Child male — —0.053 .146 —0.055 136
Child age — 0.448*** <001 0.474**x <001
Parent female — 0.011 761 0.011 768
Parental BA degree — 0.135%** .001 0.136%** .001
Per-capita income — 0.153*** <001 0.144*** <001
Preschool enrollment — — —0.060 122
Home language (English) — — 0.007 .859
Parent stress — — 0.037 366
Parent fatigue — — 0.007 .866
Parent fixed mindset — — —0.007 .839
Valuation of curiosity — — 0.050 175
Panel B: NKS Score (N =552)
BL NKS A8 HE* <.001 144%%* <.001 150%** <.001
Child male — —0.053 153 —0.051 173
Child age — 0.436***  <.001 0.465***  <.001
Parent female — 0.022 562 0.023 535
Parental BA degree — 0.128*** .002 0.128*** .002
Per-capita income — 0.145*** <001 0.136%** .001
Preschool enrollment — — —0.074* .063
Home language (English) — — 0.001 973
Parent stress — — 0.059 157
Parent fatigue — — —0.003 947
Parent fixed mindset — — 0.013 736
Valuation of curiosity — — 0.050 182
Controls included:
Demographics - Yes Yes
Parent characteristics - - Yes
R? .013/.033 256 /.260 264 /.270

Note. Standardized betas from OLS with multiple imputation using predictive mean matching (m=20, PMM). The outcome is the
baseline PPVT score. Curiosity scores and PPVT are not imputed, only missing covariate values are imputed. Demographics:
child sex, child age, parent sex, parental BA degree, and per-capita household income. Parent characteristics: preschool
enrollment, home language (English), parent stress, parent fatigue, parent fixed mindset, and parental valuation of curiosity. * p
<.10, ¥*p <.05, ¥**p < .01
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