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ABSTRACT
Research has shown that infants are curious and actively seek situations from which they can learn. For instance, a recent
eye-tracking study demonstrates that babies tend to allocate their attention to stimuli that offer opportunities for learning new
information. Interestingly, however, the degree to which attention is guided by information gain varies among individual infants.
This longitudinal study provides the first empirical evidence suggesting that these early individual differences in infants’ sensitivity
to information gain are linked to later cognitive development. Specifically, we found that the extent to which infants’ attention
was guided by information gain at 8 months was related to their IQ scores at 3.5 years of age (n = 60, 50% female): especially
children who displayed the greatest curiosity as infants tended to have a more favourable cognitive development. These findings
demonstrate the lasting consequences of early existing differences in curiosity-driven exploration for later childhood cognitive
development.

1 Introduction

Infants are extraordinarily quick learners who swiftly acquire
knowledge about theworld.Understanding the attentionalmech-
anisms underlying infants’ rapid learning and the role they
play for later cognitive functioning has been a core focus of
developmental psychology and cognitive sciences for decades
(e.g., Fantz 1964; Kavšek 2004; Rose and Feldman 1997). Previous
research into these attentional mechanisms has revealed that
infants exhibit a bias towards stimuli that are highly novel
(e.g., Fantz 1964), surprising (e.g., Baillargeon et al. 1985; Stahl
and Feigenson 2015), or intermediately complex (Kidd et al.
2012). These studies measured infants’ visual attention through
their looking behaviour, demonstrating that infants prefer to
look at novel (over familiar) stimuli, events that violate their
expectations, and stimuli that are neither too simple nor too

complex. They also show that by focusing their attention on such
stimulus characteristics (such as toys defying solidity or gravity),
infants learn effectively (e.g., Stahl and Feigenson 2015).

However, these biases alone are not sufficient to support efficient
learning (Bazhydai et al. 2019; Chu and Schulz 2020; Oudeyer
2018). For instance, not all novel information is meaningful
(Dubey and Griffiths 2020; Gottlieb et al. 2013). And if children
focused solely on the most surprising events, they would risk
getting stuck in exploring stimuli that are random and unlearn-
able, like the pattern of raindrops falling on the ground (Chu
and Schulz 2020; Gottlieb et al. 2013). Also, while a focus on
intermediate complexity offers a more nuanced perspective on
children’s (visual) exploration, it may overlook the basic human
drive to attend to novel events that might appear highly complex
at first (Dubey and Griffiths 2020). Furthermore, determining
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Summary
∙ We link individual differences in curiosity, measured as
infants’ sensitivity to information gain, to later cognitive
outcomes.

∙ Infants’ sensitivity to information gain was related to their
IQ scores 3 years later.

∙ Curiositymay act as a boost, improving cognitive function-
ing for those children that were especially curious during
infancy.

the optimal level of complexity is rather arbitrary and likely
varies across individuals—some childrenmay perceive a stimulus
as more complex than others—and likely changes over time as
children gain more experience with a particular event.

Recent research on curiosity offers an alternative explanation for
why infants learn so much, so quickly. The learning progress
hypothesis proposes that learning itself is intrinsically rewarding
and thereby serves as a key element of humans’ motivation
to explore and seek out information (Oudeyer et al. 2016; Ten
et al. 2021). According to this hypothesis, infants are sensitive to
the amount of information they can gain from an environment,
driving their attention to aspects of the environment they can
learn from—a mechanism identified as a key aspect of curiosity
(Baer and Kidd 2022; Bazhydai et al. 2019; Kidd and Hayden 2015;
Oudeyer et al. 2016; Poli, O’Reilly, et al. 2024; Ten et al. 2021).
The hypothesis suggests that individuals are drawn to stimuli and
activities just beyond their current knowledge level, which helps
them avoid getting stuck in environments that are overly simple
or too complex, as well as those that are novel but not learnable
(Oudeyer et al. 2016; Poli et al. 2020). Like the intermediate
complexity account, the Learning Progress hypothesis points to
the richest learning opportunities lying just beyond what the
child currently knows or can do (Andersen et al. 2022; Berlyne
1966; Oudeyer et al. 2007; Piaget 1952; Vygotsky and Cole 1978).
Yet, the learning progress approachmodels curiosity as a dynamic
and self-updating process and does not focus on the complexity
of the features of a specific stimulus or event, but rather on the
learning itself.

Recent empirical findings provide support for this idea. Several
studies have shown that infants are sensitive to whether stim-
uli are informative (Addyman and Mareschal 2013; Bazhydai
et al. 2020; Kidd et al. 2012; Ruggeri et al. 2019; Twomey and
Westermann 2018) and sample their surroundings to maximize
the amount of information they can gain (Poli et al. 2020). In
their study, Poli and colleagues (2020) presented infants with a
screen-based visual learning task that contained a series of cue-
target sequences (Figure 1a). For each trial, they quantified the
level of surprise of the stimulus and the overall predictability
of the environment, while also tracking the information gain,
the amount of information each trial provided (Figure 1b,c).
Their key objectivewas to determinewhich information-theoretic
measure guides infants’ attention most. Their results revealed
that information gain was the strongest predictor of infants’
looking behaviour. Infants spent more time looking at stimuli
when there was more information to be gained, and they tended

to look awaywhen the stimuli no longer offered new information.
The level of predictability and surprise of the stimuli also guided
infants’ looking behaviour, but to a lesser extent.

Interestingly, subsequent experimental and computational work
has shown that there is substantial variability in the degree to
which infants are sensitive to the informativeness of stimuli
(Poli, Ghilardi, et al. 2024). Some infants display a greater
inclination to attend to new information than others, as evi-
denced by their prolonged looking towards information-rich
compared to information-poor stimuli (Figure 1e). In other
words, some infants appear to be more curious than others.
This raises the question of whether these individual variations
in infants’ sensitivity to information are predictive of their later
cognitive functioning. It seems plausible that children who are
more focused on the informative aspects of their environment,
acquiremore knowledge through the years, resulting in enhanced
cognitive functioning (Chen et al. 2022; Muentener et al. 2018;
Shah et al. 2018, 2023; Stahl and Feigenson 2015). Yet, empirical
evidence linking such individual differences in infants’ sensi-
tivity to information with later cognitive functioning is still
lacking.

In the past, individual differences in early looking behaviour
have been related to later cognitive functioning (e.g., Bornstein
and Sigman 1986; Cuevas and Bell 2014; Dougherty and Haith
1997; Hitzert et al. 2014; Kavšek 2004; Rose and Wallace 1985). So
far, one of the most reliable predictors in this domain has been
infants’ habituation (Bornstein et al. 2013; Kavšek, 2004). It has
even been suggested that infants’ performance on habituation
tasks predicts later cognitive development better than classical
measures of infant development (e.g., McCall and Carriger 1993;
but also see Klein-Radukic and Zmyj 2023 and Robledo et al.
2010). In classical habituation paradigms, infants are repeatedly
exposed to the same stimulus, and a decline in attention is taken
as an index of learning. Infants who habituate more quickly—
so-called “fast habituators”—have been shown to perform better
on later tests of intelligence, executive function, and academic
achievement than “slow habituators” (Kavšek 2004).

Interestingly, the rate at which infants habituate appears to be
unrelated to their curiosity. Poli, Ghilardi and colleagues (2024)
showed that habituation performance is associated with process-
ing speed, but not with infants’ sensitivity to information gain,
suggesting that these measures tap into distinct cognitive pro-
cesses. It also suggests that infants whomay be slow at processing
informationmay still demonstrate sensitivity to information gain.
Whether such individual differences in infants’ sensitivity to
information are predictive of later development remains an open
question. Investigating this could provide further insight into
early learning: it may not only be the speed at which infants
process information that matters, but also what they choose to
attend to.

In this longitudinal study (preregistered at OSF: https://doi.org/
10.17605/OSF.IO/795ZW), we examined whether variations in
infants’ curiosity, as reflected in their sensitivity to information,
predict cognitive outcomes in childhood. The study was a follow-
up of the experiment by Poli and colleagues (2020) in which
infants’ curiosity at 8 months was measured with the visual
learning paradigm (Figure 1a–c).We used a hierarchical Bayesian
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FIGURE 1 Study outline. Note: (a) Infants were shown multiple sequences of cue-target trials, with each sequence featuring a different stimulus
shape (in this example, a trefoil). The cue first appeared in the centre of the screen and then was followed by an identical target stimulus in one of four
possible locations (i.e., A–D). (b) The probabilistic structure of each sequence was statistically manipulated so that the target was more likely to appear
in one location (in this example, location A) than in the others. (c) This resulted in each target stimulus providing a different amount of information
about the sequence’s probabilistic structure. This measure of information gain was quantified using KL divergence. (d) A hierarchical Bayesian model
assessed infants’ sensitivity to information by relating their looking time to the target stimulus with the information gain provided by the stimulus. (e)
Overall, infants’ looking times were modulated by the information gain offered by the stimuli. However, individual infants displayed varying degrees
of sensitivity to information (i.e., different slopes). A stronger positive relation indicates that infants tailored their looking time more to the available
information gain, reflecting more curiosity-driven learning. (f) At 3.5 years of age, participants’ cognitive abilities were assessed using the standardized
WPPSI-IV-NL intelligence test, which provides a general intelligence factor (Full Scale IQ) along with three subindices. (g) The Full Scale IQ that was
used as our main outcome measure showed sufficient spread (N = 60).

model to assess infants’ sensitivity toward information by relating
their looking time to the amount of information provided by each
stimulus (Figure 1d,e). Upon reaching 3 years of age, children’s
intelligence was evaluated using a standardized intelligence
test (WPPSI-IV-NL; Wechsler 2012; Figure 1f,g). The Wechsler
Intelligence Scales (among which is the WPPSI-IV-NL, which is
specifically designed for children aged 2.5 to 7 years) are among
the most widely used instruments for assessing children’s cog-
nitive functioning (Wechsler 2012). The test provides estimates
of global intellectual ability (Full Scale IQ) along with scores
on three domains, including children’s verbal comprehension,
visual-spatial reasoning, and working memory. IQ is a strong
predictor of later academic achievement (Deary et al. 2007; Von
Stumm et al. 2011). We additionally controlled for socioeconomic
status (SES). We hypothesized that infants’ curiosity is related
to childhood IQ, with infants who are more sensitive to the
information showing higher intelligence 3 years later, thereby

suggesting that infants’ curiosity is a key factor underlying
positive cognitive outcomes.

2 Methods

This longitudinal study followed up on the infants that partici-
pated in the visual-learning task by Poli and colleagues (2020).
An additional 40 participants were collected with the same task
for another study (Poli et al. 2023), adding up to 90 participants
in total. Infants’ sensitivity to information was measured at
8 months of age for both of these studies. Here we obtained
intelligence scores from the same participants when theywere 3.5
years of age. The study outline is depicted in Figure 1.

The study was approved by the local ethics review board (eth-
ical approval number: ECSW-2020-096). We deviated from the
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preregistered analyses in three ways: (1) instead of using the
dichotomous estimate look-away we employed a continuous
estimate of looking time to determine infants’ sensitivity to
information gain, (2) we applied an additive instead of a linear
model in our main analysis, and (3) we introduced an outlier
removal procedure. The rationale for each of these deviations is
explained in detail in the sections below.

2.1 Participants

Eye-tracking data were gathered from a sample of ninety 8-
month-old infants (Poli et al. 2020, 2023). Of these infants, 20
did not provide usable data due to poor calibration or fussiness.
At 3.5 years of age, intelligence scores were obtained from
the same participants. Eight children dropped out for practical
reasons such as relocation or time constraints, and two were
excluded from the analyses due to incomplete administration of
the intelligence test. The final sample consisted of 60 children,
primarily White and middle-class. The mean age (in months) of
participants at the initial test was M = 7.9 (SD = 0.39) and M
= 43.0 (SD = 0.36) at the follow-up. The distribution of gender
was equal (50% boys, 50% girls). In 93% of the cases, at least one
of both caregivers completed a form of higher education (higher
vocational or university education), and in 63% of the cases, both
caregivers completed a form of higher education.

2.2 Measures

2.2.1 Sensitivity to Information at 8 Months

Infants’ sensitivity to information was measured with a visual
learning task during which looking behaviours were recorded
using eye-tracking (Figure 1a). The task was presented on a
computer screen that was divided into four same-sized quadrants
(target locations) with a circle (cue location) in the middle. The
task consisted of 16 sequences, each featuring one of eight unique
stimuli (each stimulus was presented twice). Each sequence was
composed of 15 trials, with each trial consisting of 4 phases: a cue
phase (1000 ms) during which a stimulus was displayed in the
cue location; an interstimulus phase (750 ms) during which the
stimulus was not visible; a target phase (1500 ms) during which
the stimulus was displayed in one of four target locations; and
an intertrial interval (750 ms) during which the stimulus was not
visible before it was presented again during the cue phase. All 15
trials were shown unless the infant looked away from the screen
for longer than 1 s, triggering the sequence to stop.Once the infant
looked back at the screen, the following sequence would start.
Infants watched on average 7 sequences (SD= 2), andwithin each
sequence, they watched 8 trials (SD = 4).

The location where the stimulus would reappear (see Figure 1b
for an example sequence) during the target phase was statistically
manipulated following three scenarios. In each scenario, the
target location was predictable—it was possible for the infants
to learn the most likely target location for each sequence—
but predictability levels varied across scenarios (100%, 80%, or
60%). These different predictability levels were introduced to
ensure variability in trial-by-trial information gain. In 4 out of
16 sequences, the stimulus always appeared at the same target

location (100% predictable). In 6 out of 16 sequences, the stimulus
appeared at the same target location for 80% of the trials while
appearing randomly at one of the three other locations for
the remaining 20%. In the remaining 6 out of 16 sequences,
the stimulus appeared at the same target location for 60% of
the trials while appearing randomly at one of the three other
locations for the remaining 40%. Which quadrant served as the
most likely target location was randomized across sequences
and participants. Each quadrant served as the most likely target
location in an equal number of sequences across the task (i.e., 25%
each), and no two consecutive sequences shared the same most
likely target location.

For each trial, we quantified the information gain it offered
(Figure 1c) using Kullback–Leibler divergence (KL divergence).
For each trial, KL divergence computes howmuch the new event
(the stimulus appearing in the target location in the current trial)
changes prior probabilities about the target location. For example,
before the first trial, the stimulus is equally likely to appear in
any four locations (probability is 25%). When in the first trial, the
stimulus appears in the top left corner (location A in Figure 1a),
the probability of this location increases (e.g., to 40%), while the
probability of the other three locations decreases (e.g., to 20%).
The more the new event changes these prior probabilities, the
more information gain it offers. More information about these
computations can be found in Poli and colleagues (2020).

Finally, to determine infants’ sensitivity to the information of
each trial, we measured their looking time to the target stimulus
on each trial. Then, by using a hierarchical Bayesian model
(Figure 1d), we correlated the looking time towards each trial
with the information gain of that specific trial. In this model,
we controlled for stimulus surprise, sequence predictability, and
trial number. This value was standardized, with higher values
indicating higher sensitivity to information. Infants displayed
individual differences in the extent to which their looking time
to the target stimuli was correlated to the stimuli’s information
gain (Figure 1e).

As described in our preregistration, we initially planned to use
the estimate of look-away (a dichotomous measure indicating
whether the infant kept looking until the end of the trial or looked
away before the trial ended) in relation to information gain as our
index of infants’ sensitivity to information. However, while look-
away is a good measure to estimate group effects, looking time
turned out to be a more refined measure for studying individual
differences (Poli, Ghilardi, et al. 2024). Thus, based on newly
gained insights from the study by Poli, Ghilardi and colleagues
(2024), we decided to use looking time during target presen-
tation instead. We made this decision prior to the start of our
analyses.

2.2.2 IQ at 3.5 Years

We assessed children’s IQ with the Wechsler Preschool and
Primary Scale of Intelligence, Fourth Edition—Nederlandse bew-
erking (WPPSI-IV-NL; Hurks and Hendriksen 2020), the Dutch
adaptation of the original WPPSI-IV (Wechsler 2012). This stan-
dardized intelligence test is intended for children aged between
2.5 and 7 years and includes a version specifically designed for
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children up to 4 years. It comprises seven distinct tasks that
provide insights into participants’ Full Scale Intelligence Quo-
tient (Full Scale IQ) and three intelligence subindices, namely
Verbal Comprehension Index (VCI), Visual Spatial Index (VSI),
and Working Memory Index (WMI) (Figure 1f). In our primary
analysis, we used the FSIQ, considered to be a representative
indicator of global intellectual functioning, as our main outcome
measure (Wechsler 2012).

2.2.3 SES

SES was determined by the average education level of the
caregiver(s). For both caregivers (if applicable, n = 1 child was
raised by a single caregiver), we collected information on their
highest level of education, ranging from 1 (secondary education),
2 (intermediate vocational education), 3 (higher vocational edu-
cation) to 4 (university education). SES was determined by the
average education level of the caregiver(s).

2.3 Procedure

Families were invited to the Baby & Child Research Center in
Nijmegen, an urban city in the Netherlands, twice—once when
their child was 8 months old and once when their child was 3.5
years old. At the first visit, participants’ eye movements were
measured during the visual learning task through which infants’
sensitivity to information was assessed. During the task, infants
sat in a baby seat thatwas positioned on the caregiver’s lap in front
of the eye-tracker (Tobii X300)monitor that displayed the stimuli.
Caregivers were instructed to refrain from interacting with their
child and, when their infant sought their attention, not to attempt
to redirect their attention back to the screen. The experiment
endedwhen the infant hadwatched all 16 sequences orwhen they
became fussy.

At the second visit, the WPPSI-IV-NL was administered to assess
children’s intelligence. During the test, children sat behind a table
across from an experimenter. The caregiver was positioned at a
table behind their child, ensuring proximity while minimizing
their influence on the child’s behaviour. While the researcher
administered the intelligence test, the caregiver completed a
set of questionnaires on a laptop. The intelligence test lasted
approximately 45 to 60 min. Approximately halfway through
the session, typically after completing task five or earlier if
children displayed signs of fatigue, a 15-min break was allocated.
Additional information was collected, including a computer-
based game that was played by the child after the intelligence
test and a questionnaire that was filled in by the caregiver while
the intelligence test was administered. The results obtained from
these measures were part of a different study and fall outside the
scope of the present paper.

At both visits, there was some time reserved prior to the exper-
iment to familiarize the child with the experimenter. After the
experiment, the caregiver was debriefed, and the child received
a gift. At the first visit, the caregiver could choose between a
monetary reward of 10 euros or a children’s book. At the second
visit, the gift consisted of a ‘diploma’ and either 20 euros or two
children’s books.

2.4 Statistical Analysis

All analyses were performed in R (Version 4.3.1). The data and
analysis scripts are available on the Radboud Data Repository at
https://doi.org/10.34973/31ee-x555.

Prior to the analyses, we performed an outlier removal procedure
for individuals who scored below or over 3 standard deviations
from the mean on the sensitivity to information measure. This
outlier removal procedure was set before the analysis but was not
specified in the preregistration. We decided on the threshold of
3 standard deviations because it carries no negative consequence
for type I error (Bakker andWicherts 2014). It led to the exclusion
of one infant.

2.4.1 Group-Level Analysis Relating Information Gain
to Looking Time

Before running the main analysis on individual differences, we
performed the group-level analyses from Poli and colleagues
(2020) and related surprise, predictability, and information gain
of a trial to infants’ looking time. For this, we used a linear
mixed model with looking time as the dependent variable and
surprise, predictability, and information gain as the independent
variables, controlling for saccadic latency, time (trial number)
and the random intercept of looking time (to account for indi-
vidual differences in looking time). While surprise measures the
(un)expectedness of a single event (e.g., the target appearing at
location A on trial 5), predictability tracks the expectedness of
the overall sequence up to that trial. Information gain is different
from surprise and predictability because it captures how much
new knowledge can be extracted from a trial, rather than how
unexpected it is (surprise) or how regular the environment has
been so far (predictability). A detailed analysis of these metrics
is beyond the scope of this paper, but more information can be
found in Poli and colleagues (2020).

Additionally, to assess whether infants learnt to predict the
most likely target location, we compared saccadic latencies of
predictable and unpredictable events using a linear mixedmodel.
Saccadic latency was entered as the dependent variable, with
trial type (predictable vs. unpredictable) as the independent
variable. In this dichotomousmeasure of predictability, a trial was
considered to be predictable when the target appears in the high-
probability location and unpredictable when it appears in any
of the low-probability locations. We controlled for trial number
and also included the random intercept of the participant in the
model to account for individual differences in saccadic latencies.
In the event that infants learn the statistical regularities, we
would expect infants to direct their attention faster to predictable
compared to unpredictable trials.

2.4.2 Main Analysis Relating Individual Differences in
Sensitivity to Information Gain to IQ

We examined the relation between infants’ sensitivity to infor-
mation and childhood intelligence while controlling for SES
using an additive model. In this model, participants’ Full Scale
IQ was included as the dependent variable, infants’ sensitivity

Developmental Science, 2026 5 of 11

https://doi.org/10.34973/31ee-x555


to information as the independent variable, and SES (indexed
by the average educational level of caregiver[s]) was added as
a covariate. SES was included in the model because previous
studies demonstrated links between SES and IQ (with children
growing up in higher SES households showing higher IQ scores;
Bradley and Corwyn 2002; Von Stumm and Plomin 2015), as well
as between SES and curiosity (Shah et al. 2018, 2023).

Although we preregistered the use of a linear model, based on
additional statistical insights gained during previous studies (Poli,
Ghilardi, et al. 2024) and prior to data analysis, we decided
to use this additive model instead. The additive model has
the advantage of being more flexible while keeping the desired
properties of a linear model. It provides a clearer and more
accurate representation of the underlying trends and patterns
in the data, thus allowing for the detection of linear effects
as well as non-linear ones. For transparency, however, we also
fitted the data to our preregistered linear model. This model
yielded no evidence for a linear relation between infants’ sen-
sitivity to information and childhood intelligence (β = 2.01, t
= 1.12, p = 0.27). Consistently, the additive model showed a
better fit (AIC = 459.73) than the preregistered linear model
(AIC = 471.97).

Additionally, as additive models have a risk of overfitting, we
explored the pattern that resulted from the additive model
further by (1) fitting the data to a more constrained exponential
model and (2) conducting a stratified analysis in which we
observed the relationships (using additive models with the same
specifications as in themain analysis) between infants’ sensitivity
to information gain and later IQ separately for three groups of
infants with different levels of sensitivity to information.

2.4.3 Exploratory Analysis Relating Individual
Differences in Sensitivity to Information to IQ Subindices

Lastly, for exploratory purposes, we examined the relation
between infants’ sensitivity to information and the intelligence
subindices VCI, VSI, and WMI. For this, we ran three sepa-
rate additive models including either VCI, VSI or WMI as the
dependent variable, infants’ sensitivity to information as the
independent variable, and SES as the covariate.

3 Results

3.1 Descriptives and Results of the Group-Level
Analysis

At the group level, information gain significantly predicted
looking times (β = 66.21, SE = 20.84, t(2569) = 3.18, p = 0.002);
the greater the information gain a trial offered, the longer infants
looked at it. Surprise did not significantly predict looking times
(β = −17.94, SE = 20.21, t(2567) = −0.89, p = 0.37). These findings
are in line with Poli and colleagues (2020). However, unlike the
findings reported by Poli and colleagues (2020), predictability
also significantly predicted infants’ looking time (β = −57.76,
SE = 19.88, t(2593) = −2.91, p = 0.004); when the predictability
was lower, infants looked longer. Regarding saccadic latency in
relation to the dichotomous measure of predictability, we found

that infants were significantly faster to orient to predictable trials
compared to unpredictable ones (β= 180.26, SE= 24.26, t=−7.43,
p < 0.001): Infants were 180 ms faster at looking at predictable
compared to unpredictable trials, suggesting that infants learnt
the most likely target location.

The average IQ score of children at age 3.5 years wasM = 106 (SD
= 12.6). The mean scores on the IQ subindices were as follows:
M = 106 (SD = 15.6) for the VCI, M = 103 (SD = 11.3) for the VSI
and M = 109 (SD = 9.5) for the WMI. VCI showed a significant
positive correlation with VSI (r = 0.38, p = 0.004) and WMI (r =
0.53, p < 0.001). The correlation between VSI and WMI was not
statistically significant (r = 0.23, p = 0.087).

3.2 Results of the Main Analysis

At the individual level, infants differed in the degree to which
their looking time correlated with the information gain that was
provided by that stimulus (Figure 1e). To link these individual
differences in infants’ curiosity to their later cognitive capabili-
ties, we used a generalized additive model relating measures of
sensitivity to information with childhood IQ while controlling
for differences in SES between the infants’ families. By applying
this additive model, we deviated from the preregistration that
describes using a linear model. The details concerning this
change in statistical approach are discussed in the Methods
section (Statistical Analysis).

Individual differences in infants’ sensitivity to information signif-
icantly predicted childhood IQ (F = 3.87, edf (effective degrees
of freedom) = 3.58, p = 0.006, see Figure 2), with the model
explaining 22% of the variance in childhood intelligence (adjusted
R2). SES did not have a significant effect on IQ (t = 0.98, p =
0.33). These results were not affected when controlling for other
attention measures such as infants’ sustained attention, learning
performance, or processing speed (see Supplementary Analyses
S1). To assess the unique contribution of infants’ sensitivity to
information, we computed the partial adjusted R2 using gam.hp
(Lai et al. 2024). This analysis showed that infants’ sensitivity
to information uniquely accounted for 22% of the variance in
childhood IQ (the unique variance explained by SES was 0.18%).

Several aspects of the findings suggest that the relationship
between infants’ sensitivity to information gain and intelligence
is non-linear: First, the linear model that we fitted to the data
revealed no significant relationship (β = 2.01, t = 1.12, p =
0.27). Second, the number of effective degrees of freedom was
significantly different from 1, indicating that the relationship is
not adequately described by a linear slope (Hastie and Tibshirani
1986). Finally, visual inspection of the data pattern suggests
that the relationship was primarily present among children with
higher curiosity scores, whereas little to no association was
observed at lower curiosity levels.

To examine this pattern further, and to account for the fact that
additive models have a risk of overfitting, we examined a more
constrained exponential model. The results of this alternative
model demonstrated that the exponential relationship between
curiosity and IQ was significant (estimate = 3.75, t = 2.74,
p = 0.008), but that it explained less variance in childhood
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FIGURE 2 Results of the generalized additive model relating infants’ sensitivity to information with childhood Full Scale IQ and intelligence
subindices. Note: Infants’ sensitivity to information was significantly related to the Full Scale IQ scores in childhood. The relation between infants’
sensitivity to information and the IQ subindices followed a similar non-linear relation. Of those, only the relation between infants’ sensitivity to
information and the Verbal Comprehension Index was significant. The shaded areas surrounding the plots represent confidence intervals.

intelligence compared to the additive model (adjusted R2 = 10%).
In addition to the exponential model, and to further confirm
the non-linear relationship, we conducted stratified analyses by
dividing the sample into three equal groups based on infants’
degree of sensitivity to information. One third of the infants with
the lowest sensitivity to information scores were placed in the
Low curiosity group, the middle third in the Medium curiosity
group and the highest third in the High curiosity group. The
results supported the pattern observed in the main model. In
the High curiosity group, sensitivity to information significantly
predicted IQ (F = 10.26, p = 0.005, n = 20), with the model
explaining 34% of the variance (adjusted R2). In contrast, the
effect of sensitivity to information was not significant in the
Medium (F = 0.03, p = 0.86; adj. R2 = −8.5%, n = 19) or
Low (F = 0.53, p = 0.58; adj. R2 = −0.41%, n = 20) curiosity
groups.

3.3 Results of the Exploratory Analysis

We also explored the relation between infants’ sensitivity to
information and each intelligence subindex separately. There was
a significant non-linear relation between infants’ sensitivity to
information and their later Verbal Comprehension Index (VCI;
M = 106, SD = 15.6, F = 2.96, edf = 3.23, p = 0.028). The relations
between infants’ sensitivity to information and the Visual Spatial
Index (VSI; M = 103, SD = 11.3) and Working Memory Index
(WMI; M = 109, SD = 9.5) followed a similar non-linear pattern
but were not significant (F = 2.05, edf = 2.88, p = 0.108 and F =
1.2, edf = 2.97, p = 0.286).

4 Discussion

Research on infant curiosity and its role in learning and early
development has received increasing attention in recent years
(e.g., Chu and Schulz 2020; Hunnius and Poli forthcoming; Jirout
et al. 2024; Kidd and Hayden 2015; Perez and Feigenson 2021).
Previous studies have shown that children are curious from a very
early age, and that infants differ in the degree to which they are
curious (Addyman andMareschal 2013; Bazhydai et al. 2020;Kidd
et al. 2012; Poli, Ghilardi, et al. 2024; Poli et al. 2020; Ruggeri
et al. 2019; Twomey and Westermann 2018). In this study, we
examined the longitudinal link between individual differences in
earlymanifestations of curiosity, as reflected in infants’ sensitivity
to information gain, and subsequent cognitive development. We
tested 8-month-old infants on a visual learning task and extracted
individual differences in their sensitivity to information using a
hierarchical Bayesianmodel. Three years later, we tested the same
children on their intelligence. We showed that infants’ sensitivity
to information relates to childhood cognitive abilities over a
period of almost 3 years. As such, these findings provide initial
empirical evidence that supports the longitudinal implications
suggested by the learning progress hypothesis, a theoretical
framework of curiosity (Oudeyer et al. 2016; Ten et al. 2021).

More specifically, the non-linear relationship that we found
between curiosity and IQ suggests that children who displayed
the greatest curiosity as infants tend to have a more favourable
cognitive development, while infants displaying lower levels of
curiosity are not necessarily at a disadvantage. This interpretation
is supported by additional analyses that demonstrated that the
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relationship between sensitivity to information gain and IQ holds
primarily for the group of children who exhibited high curiosity
as infants. Curiosity might thus act as a boost factor—enriching
further development—but not as a risk factor; that is, a lack of
curiosity does not necessarily lead to lower cognitive capacity.
It is important to consider, however, that our sample contained
relatively many children with above-average IQ scores: only
10% of our participants had intelligence scores that were below
average, and those were only minimally below the cut-off (the
clinical cutoff for below-average IQ scores on the WPPSI-IV-NL
is typically set at 90; Ruiter et al. 2017; Wechsler 2012). Moreover,
our sample consisted predominantly of children growing up in
high SES households (Bradley and Corwyn 2002; Von Stummand
Plomin 2015). As a result, our findingsmay be capturing primarily
the ‘boost effect’ of curiosity among children who are performing
well cognitively, while possible associations at the lower end of
the distribution may not be visible. Future studies with more
socioeconomically and cognitively diverse samples of children
will help to clarify the relation between an infant’s curiosity and
later IQ.

Our findings imply a potentially cascading effect, where infants
who pay more attention to stimuli they can learn from may be
exposed to more learning opportunities, which in turn enhances
their cognitive development over time (Bornstein et al. 2013; Fry
and Hale 1996; Iverson 2022; Masten and Cicchetti 2010). Consis-
tent with this interpretation, we found that the effect of infants’
curiosity on their later IQ was primarily driven by the Verbal
Comprehension Index, rather than by the subindices for visual-
spatial reasoning or working memory. Whereas the assessment
of verbal comprehensionmainly relies on accumulated, explicitly
taught knowledge (e.g., vocabulary, general world knowledge)
that must be acquired through direct exposure, the visual-
spatial and workingmemory domains—assessed through solving
puzzles, recreating geometric patterns, or recalling stimuli—
represent more fundamental, domain-general cognitive abilities
that may be less dependent on specific learning input. Children
who displaymore curiosity towards their surroundings at a young
age may prompt more relevant language input—for instance,
through the contingent verbal responses of their caregivers
(Jirout et al. 2024; Tamis-LeMonda et al. 2013)—which in turn
scaffolds their understanding and acquisition of words and facts
(Kartushina et al. 2022;Masek et al. 2021). A recent study provides
support for the existence of such an effect in children’s verbal
development. Van der Klis and colleagues (2024) examined the
dyadic interaction between infants and caregivers during 6 min
of free-play and found that infants’ pointing behaviour that was
followed by a verbal response from their caregiver predicted
later vocabulary outcomes. In contrast, infants’ gestures that
did not elicit such a verbal response were negatively related to
later vocabulary scores. Thus, through their tendency to seek
information, infants may create their own learning opportunities
and thereby stimulate their cognitive growth.

An important direction for future research is to better understand
how curiosity may influence specific cognitive subdomains. The
current analyses of the intelligence subindices were exploratory
and not guided by specific hypotheses. Therefore, the outcomes
should be interpreted with caution. Specifically, while we found a
significant association between infants’ curiosity and later verbal
comprehension (Mani and Ackermann 2018), this does not imply

that the lack of significant associations with the other subindices
should be interpreted as evidence for the absence of such effects.
In fact, the relationships that we observed between curiosity and
the three cognitive subdomains followed similar patterns. The
non-significant relationships between infants’ curiosity and their
later working memory and visual-spatial reasoning could poten-
tially be due to the lower variability levels that were observed on
these scales in our sample. Additionally, as the subindices are
correlated components of a composite Full Scale IQ score (which
was our primary outcome), we caution against overinterpreting
the significance of one subindex over others. Nonetheless, the
current pattern of findings may help refine future hypotheses
about which cognitive domains are most strongly impacted by
differences in curiosity. Relatedly, future research should aim
to identify the sources of the individual differences in early
curiosity. This includes investigating the degree to which infants
are born with a tendency to focus on informative events, what the
neural basis for thismight be, andwhether environmental factors,
such as parental responsiveness to infants’ information-seeking
behaviours, influence the development of curiosity.

Until recently, individual differences in fundamental cognitive
mechanisms early in life were difficult to quantify (Piantadosi
et al. 2014), and variability was therefore often discarded. Poli and
colleagues (Poli, Ghilardi, et al. 2024; Poli et al. 2020) introduced
a hierarchical Bayesian model to harness these variations in
early behavioural measures to extract meaningful differences in
cognitive processes that are more precise than what could be
perceived directly from the behavioural data alone. Here, we
adopted this novelmodel-based approach to obtain individual dif-
ferences in infants’ sensitivity to information—as inferred from
their looking behaviours in a visual learning task—to examine
their relationship with later cognitive outcomes. We show that
this approach can be applied to predict real-world developmental
outcomes from individual differences in processing abilities in
infancy using a longitudinal design.

In a nutshell, how do our findings further our understanding
of cognitive development and the role of infants’ processing
abilities therein? Prior research demonstrated that infants as
young as 8 months selectively allocate their attention towards
stimuli from which they can gain information and that infants
display individual differences in this mechanism (Poli, Ghilardi,
et al. 2024; Poli et al. 2020). Building on this, we show that early-
existing individual differences in curiosity-driven learning play
an important role in cognitive development and allow predicting
differences in cognitive capacity over a time span of almost
3 years, supporting the direction modern theories are taking
in emphasizing the role of infant curiosity in early learning.
Benefiting from this discovery, these results suggest that finding
ways to stimulate curiosity might be a promising avenue for
boosting exploratory behaviour and supporting learning in early
childhood.
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