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How Do Children Construct a Concept of Age?
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Acquiring an adultlike understanding of age involves coordinating knowledge across several domains
of abstract content (e.g., time, number, biology). In the present study, we explored children’s early
understanding of age and how it is informed by features including size, facial and bodily morphology, and
numerical age. Across two preregistered experiments, we tested 215 three- to five-year-old children on their
identification of which of two figures is older. Like previous studies, we found that children often confound
age with size. However, we also found that this tendency was eliminated when children were provided with
less extreme differences in size, they had access to information regarding numerical age, or when facial and
bodily cues to age were more pronounced. We also found that, overall, children’s age judgments were
related to their mastery of number words, suggesting a role for numeracy in understanding age. These results
suggest that young children possess a concept of age, which is differentiated from a concept of size and
which draws on multiple converging cues for reasoning about age.

Public Significance Statement

This study suggests that children reason about age in a complex manner by 3 or 4 years old, dem-
onstrating the ability to base age judgments on numerical ages and facial and bodily morphology rather
than only on size. We also find that children’s age judgment ability is related to their numerical
knowledge, suggesting that acquiring a number system may help children understand age.
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As we grow older, our bodies, minds, and behaviors change, making
age an important social cue to predicting how others will act in the
world. However, little is known about how children learn to reason
about age or make predictions about its correlates. Whereas substantial
research has documented how children make judgments of intelligence,
social status, and social preferences on the basis of social categories like
race and gender (e.g., Alton et al., 2025; Bian et al., 2017, 2018; Bigler
et al., 2003; Diesendruck & Hal_evi, 2006; Dukler & Liberman, 2022;
Elenbaas & Killen, 2016; Mandalaywala et al., 2020; Martin, 1989;
Olson et al., 2012; Shutts et al., 2013, 2016; Waxman, 2010), much less
is known about children’s understanding of age. Further, although
children begin to differentiate various age groups in the first year of life
(Brooks & Lewis, 1976), some studies have suggested that they may

not acquire an adultlike understanding of chronological age until much
later in development and that they may confuse it with correlated
properties and processes, like size and growth (see Galper et al., 1981).
In the present study, we investigated children’s understanding of age
and how they develop a concept of age, which is distinct from its
physical correlates of size or growth.

Although many children are able to report their ages sometime after
their second or third birthday (Woolley & Rhoads, 2019), previous
studies argue that they do not understand that age denotes the amount
of time someone has been alive until much later in development. For
example, 4- to 6-year-old children often struggle to understand that
aging is a continuous, linear process, and often believe that different
people can age at different rates and that adults may cease to age
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2 BOSKOVIC AND BARNER

(Burdett & Barrett, 2016; Galper et al., 1981; Piaget, 1971). Children
at this age also struggle to relate birth order to age and may know
that they are older than their younger siblings but fail to recognize
that they were therefore born earlier (Piaget, 1971). Finally,
identifying the causal relationships between aging and its co-
occurring activities and processes is also difficult for children. For
example, many 3- to 4-year-old children attribute a causal role to
birthday parties, believing that a child who is turning 3 will remain 2 if
they do not have a birthday party (Klavir & Leiser, 2002; Woolley &
Rhoads, 2019).

Of particular interest to the present study, some previous studies
argue that young children reason about age solely on the basis of
physical size. In one early study of this, Looft (1971) presented 3- to
9-year-old children with pairs of drawings of males in four different age
groups (infancy, childhood, adolescence, and adulthood) and in two
different sizes (3.5 or 5.5 inches tall). For each pair, children were asked
which figure was older or if they were the same age. Looft found that 3-
year-old children achieved just 40% accuracy and made a substantial
number of size errors (i.e., selecting the younger and bigger figure
as older). Children became progressively more accurate with age,
and 9-year-olds made adultlike responses over 80% of the time.
Interestingly, children between 3 and 6 accompanied their re-
sponses with spontaneous justifications such as “he’s bigger” or “he
has to be big to be older,” further suggesting a belief that size
determines age. The finding that young children often base age on
size has been replicated when children are presented with photo-
graphs of people (Kratochwill & Goldman, 1973), with dolls of
varying heights (Kuczaj & Lederberg, 1977), and in a non-Western
culture, in Malaysia (Looft et al., 1972).

Consistent with the idea that early age judgments might be based
on size, other work finds an early-developing understanding of
physical growth among preschoolers. In one study, Rosengren et al.
(1991) argued that 3- to 5-year-old children understand that animals,
but not artifacts, grow. Children were shown a figure of an animal
and told that it represented that animal as a “baby.” Then, children
were asked to identify what the animal would look like as an “adult”
by selecting between the same figure and a bigger version of the
original figure. Similarly, children were shown a figure of an artifact
and asked to identify whether the same artifact or a bigger version of
that artifact represented how it would look after “a very long time.”
Children selected the bigger figure more often for the animals than
the artifacts, supporting the conclusion that preschoolers understand
that animals, but not artifacts, grow. Further suggesting that children
reason about growth early in life, other studies find that 3- to 5-year-
olds are more likely to judge that animals and plants can grow
relative to artifacts or nonliving natural kinds and that transfor-
mations in appearance are more likely to be the result of human
intervention rather than natural processes such as growth for arti-
facts relative to living things (Backscheider et al., 1993; Fouquet et
al., 2017; French et al., 2018; Herrmann et al., 2013; Inagaki &
Hatano, 1996; Inagaki & Sugiyama, 1988; Jipson & Callanan, 2003;
Margett & Witherington, 2011; Zhu & Fang, 2000).

While multiple previous studies argue that young children base
age judgments on size—perhaps because they conceptualize aging
as physical growth—there are also reasons to believe that past
studies may underestimate children’s understanding. For example,
past studies that tested children with an age judgment task presented
unrealistically large size differences between characters, making

size a highly salient property of the stimuli (e.g., 3- vs. 5.25-inch. tall;
Kratochwill & Goldman, 1973; Kuczaj & Lederberg, 1977; Looft,
1971; Looft et al., 1972). Given this, it is possible that children in
these studies inferred that, given its salience, size must be relevant to
the questions being asked, leading them to use it as a basis for their
judgments despite understanding that age is not defined by size.
Alternatively, another possibility is that children made judgments
on the basis of size because other available cues such as facial
morphology were either not salient to them or were not sufficiently
discriminable. For example, young children may not have
adultlike sensitivity to cues such as hair styles, wrinkles, or body
proportions (e.g., relative head and limb size). Given this pos-
sibility, children may have had little other basis for their judg-
ments other than size, despite understanding that age is not defined
by size.

One important nonphysical cue that children might use to evaluate
which of two people is older is numerical age. For example, a child who
understands that age corresponds to the amount of time a person has
been alive and who understands the meanings of number words should
be able to judge that a person who is 5 years old is older than a person
who is 3 years old. However, among studies that have documented a
size bias, only one provided children with numerical ages (Kuczaj &
Lederberg, 1977). In this study, 4- to 7-year-old children first com-
pleted a relative age judgment task in which numerical ages were not
provided and size differences between figures were manipulated. Then,
children completed another relative age judgment task in which they
were given the numerical ages of the dolls (e.g., “This one is twenty
years old and this one is five years old”). Kuczaj and Lederberg found
that most children who demonstrated some success in identifying the
older figure on the basis of physical cues performed even better
when these cues were supplemented with numerical age infor-
mation. Meanwhile, most children who struggled to identify the
older figure on the basis of physical cues did not improve when
provided with numerical cues and continued to respond randomly
or according to size. Kuczaj and Lederberg concluded that these
children considered numerical age to be irrelevant and claimed
that children initially interpret “older” and “younger” as meaning
“taller” and “shorter.”

A limitation of the study by Kuczaj and Lederberg, however, is that
it did not test whether children actually understood the numbers used
in their experiment. Thus, it is unclear whether children exhibited a
size bias because they truly deemed size to be more important than
numerical age or because they did not yet understand the number
words being used. The latter is a distinct possibility given past
findings that many 4-year-olds struggle to judge the relative mag-
nitudes denoted by number words, especially for numbers larger than
5 or 6 (Davidson et al., 2012; Le Corre, 2014). Although previous
studies find that most 3-year-olds have memorized a count list, they
also find that many children at this age have learned the meanings of
only the first few words in their count list (i.e., up to 3 or 4; Wynn,
1990, 1992). As a result, though they are sometimes able to compare
the magnitudes of small numbers, they struggle to do so for numbers
greater than 3 or 4 (Condry & Spelke, 2008; Davidson et al., 2012;
Le Corre, 2014). For example, when told that there are six fish in one
container and 10 fish in another and asked which box contains
more fish, many 4-year-olds respond randomly, despite the fact
that they can accurately count and label sets up to 10. Even many
5-year-olds appear to not understand that numbers that occur later
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AGE CONCEPTS 3

in the count list denote greater quantities (i.e., the later-greater
principle).! Given this evidence, it is unclear what information
children at this age extract from numerical age expressions
involving numbers larger than 3 or 4.

Understanding how children reason about numerical age is
important for two reasons. First, given the limitations of past studies,
it is possible that preschool-aged children may not actually equate
age with size and “older” with “taller,” as previous studies have
argued (Kratochwill & Goldman, 1973; Kuczaj & Lederberg, 1977;
Looft, 1971; Looft et al., 1972). Instead, children may rely on
multiple cues when reasoning about age, including not only size but
also facial and bodily morphology and numerical age. When these
other cues are not salient or interpretable, such as when children do
not understand the number words, or when facial features differ only
subtly between characters, children may resort to size as a heuristic for
judging age given that the two are often correlated. Second, learning
numerical expressions may help children discover that age denotes
time spent alive. Once a child learns how number words encode
magnitudes, they may notice that a person with a higher numerical age
(e.g., 10 years old) is referred to as “older” than a person with a lower
age (e.g., 5 years old), allowing them to base their relative age
judgments on numerical ages when available rather than mere cor-
relates of age such as size. Consistent with this possibility, as children
learn the meanings of number words between 3 and 6 years old
(Carey, 2004, 2009; Carey & Barner, 2019; Davidson et al., 2012;
Fuson, 1988; Gelman & Gallistel, 1978; Le Corre & Carey, 2007;
Sarnecka & Carey, 2008; Schaeffer et al., 1974; Wynn, 1990, 1992),
they also increasingly reason about age in an adultlike manner,
improving in making age judgments between pairs of figures, rank-
ordering figures by age, and relating age to birth order (Burke, 1982;
Kogan et al., 1961; Kratochwill & Goldman, 1973; Kuczaj &
Lederberg, 1977; Looft, 1971; Piaget, 1971; Seefeldt et al., 1977;
Taylor et al., 1982).

The present study investigated whether young children possess a
concept of age that is differentiated from size and that also draws on
cues like numerical age and physical morphology. We manipulated
these various cues and investigated whether individual differences in
children’s understanding in related domains, such as their under-
standing of number words, predict their performance in reasoning
about age. In Experiment 1, we asked 3- to 5-year-old children to
complete an age judgment task, in which they judged who was older
between pairs of images intended to resemble children 3, 5, 7, and 9
years of age.” Crucially, size differences between figures were fully
discriminable (as determined in norming studies), but much smaller
than in previous studies (e.g., Looft, 1971), to avoid creating the
inference that size was the most important cue to consider in the task.
Moreover, to investigate the importance of numerical knowledge,
children in one condition were provided with the numerical ages of the
figures presented in the age judgment task, while children in another
condition were not. Relatedly, we tested children’s comprehension of
the numbers used in the age judgment task using the later-greater task
(see Davidson et al., 2012; Le Corre, 2014). This allowed us to test
whether children who do not base their age judgments on numerical
age when provided with it do so because they deem numerical age to
be irrelevant or because they do not understand the meanings of
number words. Finally, we measured children’s ability to temporally
order two recent events in their lives in an autobiographical memory
task. This task served as a proxy for children’s ability to reason about
temporal order, an ability that may be involved in representing

chronological age (e.g., given that a mature age concept requires
understanding that some people’s existence precedes others in time).

In Experiment 2, children completed an age judgment task, in
which a figure of a child was paired with a figure of an elderly person
to test the influence of salient facial morphological differences on
children’s age judgments. In addition, children in one condition were
asked to identify the older figure, whereas children in another con-
dition were asked to identify the grown-up. This manipulation tested
whether children who show a size bias might simply not know the
meaning of the word “older” rather than having a conceptual mis-
understanding of age (e.g., if children confuse the word “older” with
“taller,” as suggested by Kuczaj & Lederberg, 1977). We reasoned
that if children represent age differences but do not understand the
word “older,” then they may successfully identify grown-ups on the
basis of morphological features but nevertheless fail to judge adult
figures as older than child figures. Finally, children completed the
same later-greater task as in Experiment 1, to further probe the relation
of numerical knowledge to an understanding of age.

Experiment 1

In Experiment 1, we asked whether young children possess a
concept of age that is differentiated from their concept of size. To
explore this, we asked whether children initially base age judgments
on height, when size information is perceptible but less salient than
in past studies, or are able to base their judgments on more reliable
cues such as morphology and numerical age. Moreover, we tested
whether changes in children’s numerical knowledge and ability to
order events from their own lives were related to the development
of age judgments. Children first completed an age judgment task
to test whether they based age judgments on size or on morpho-
logical features of figures. To test how numerical knowledge im-
pacts children’s age judgments, we provided the numerical ages of
the figures in the relative age judgment task to only half of the
children. We also tested all children’s numerical knowledge in a
later-greater task of magnitudes. Finally, we tested children’s ability
to order past memories in an autobiographical memory task to
understand how this form of temporal reasoning might relate to their
development of the age concept.

! Note that the acquisition of the later-greater principle is not the final stage
in children’s acquisition of number word meanings, as children only later
generalize the successor function, understanding that for every number X,
there exists a successor Y such that Y is exactly one greater than X (see
Schneider, Pankonin, et al., 2021; Schneider, Sullivan, et al., 2021). This
ability may be less related to reasoning about age than the later-greater
principle, though, because a child who grasps the later-greater principle
should be able to compare the magnitudes of all numerical ages that consist
of numbers in their count list.

2 We chose to ask children to judge the relative age of figures of two
different people rather than asking them to identify a younger or older
depiction of the same figure, another method used in in other studies (e.g.,
Rosengren et al., 1991), because children’s ability to reason about age from a
multiplicity of cues may precede their understanding of the chronological
process of aging. That is, a child may reason about age based on a variety of
cues such as numerical age and facial morphology, in addition to size, but
may not yet understand that one develops from being a baby to a child to a
grown-up over time. Such a child may thus succeed on an age judgment task
that asks them to compare the ages of two different people at a certain point in
time, but not on judging what an older or younger version of a person may
look like. Using the former method is thus more likely to be sensitive to
children’s earliest understanding of age as possibly differentiated from size.
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Method
Participants

A preregistration is available at https://osf.io/josc8 (Boskovic &
Barner, 2026). Participants were 122 native, English-speaking children
(Myge = 4.53 [3.04, 5.99]; SD,g. = 0.78; 59 females, 63 males) who
were able to count to 9 in a count-to-10 pretest. Participants were
recruited through a local museum in San Diego, United States.
Residents of San Diego are predominantly White (46.6%) and Hispanic
or Latino (29.8%), and the median household income in the region is
$102,285 (U.S. Census Bureau, 2024). Forty 3-year-olds, forty 4-year-
olds, and forty-two 5-year-olds participated in the study. In each age
group, 20 participants were assigned to the numerical age condition of
the age judgment task, and 20 participants were assigned to the no
numerical age condition. We also inadvertently tested two additional 5-
year-olds in the no numerical age condition. In addition to these 122
participants, 19 children participated in the study but were excluded
from analyses for the following reasons: failure to remember events in
the autobiographical memory task (n = 6), failure to complete the study
(n = 4), experimenter error (n = 7), and parental interference (n = 2).
Our planned sample size of 120 children was determined with an a
priori power analysis on G*Power Version 3.1.9.7 (Faul et al., 2009)
and is adequate to achieve 80% power for detecting a medium effect,
at a significance criterion of o = .05 for a linear regression with five
predictors (age, congruence of size and age cues, numerical age
condition, later-greater task performance, and autobiographical
memory task performance). We did not have strong priors regarding
the likely size of effects, and therefore we powered our study to
detect a medium effect so that we could identify factors that might
have a substantial impact on behavior and therefore bear mean-
ingfully on our theoretical questions. This study was approved by an
institutional review board at the University of California, San Diego.

Materials and Procedure

All materials, data, and analysis code for the experiment are
available at https://ost.io/j6sc8. All participants completed a count-to-
10 task, an age judgment task, a later-greater task, and an autobio-
graphical memory task in that order.

Count-to-10. This task served as a prettest to verify whether
children were familiar with the number words in the numerical age
condition of the age judgment task and the later-greater task. Given
that the largest number word in these two tasks was “nine,” children
were asked to count to 10. Children who failed to count to at least
nine did not proceed to complete the study.

Age Judgment Task.

Stimuli.  Stimuli in the age judgment task consisted of 36 images
intended to resemble children of four age groups: 3, 5, 7, and 9 years
of age (e.g., see Figure 1).* Half of the figures were male, and half
were female. To control for variables such as facial expression, body
positioning, and posture, stimuli were created using ChatGPT’s image
generator DALL-E 3 (OpenAl, 2024). The following is an example of
a prompt provided to ChatGPT to generate a stimulus: “Generate an
image of a 3-year-old boy.” The 36 stimuli were organized into 18
pairs, which included every possible pair of ages. Sex of the figures
was controlled such that male-appearing images were only paired
with male-appearing images and female-appearing images were only
paired with female-appearing images. The figure meant to be older

was presented on the left of the pair for half the trials and on the right
of the pair for half the trials.

The images were presented in one of two heights in a computer
slideshow presentation: 4.45 or 4.7 inch. These particular heights
were selected based on norming studies, presented below, which
ensured that all images were clearly discriminable in height. When
modifying the height of each image, the original height-to-width ratio
was retained. The height of the images in each pair was manipulated
to create three types of trials (see Figure 1): (1) congruent trials, in
which the image representing an older child was taller and the image
representing a younger child was shorter; (2) incongruent trials, in
which the image representing a younger child was taller and the image
representing an older child was shorter; and (3) same-height trials, in
which both images were presented in the taller height. Pairs of images
were shown on a white background, with the base of the two images at
an even level and the two images positioned equidistant to the center
of the slide.

Norming Studies. Prior to conducting the main study, we con-
ducted two norming studies. The first sought to ensure that the height
difference used in the incongruent and congruent trials of the age
judgment task was perceptible to children. Eleven 3-year-old children
(M,ge = 3.55 years, eight females, three males, all primary English
speakers) were recruited from a local preschool and presented with 12
pairs of stimuli that were used in the primary experiment. For each pair,
the child was asked, “Who is taller?” The first six pairs featured a large
height difference that was clearly perceptible and served the purpose of
identifying whether children understood the meaning of the word
“tall.” One child was excluded from the norming study because they
did not answer all six of these questions correctly. The next six pairs
featured the height difference used in the age judgment task. The 10
remaining children responded with a total accuracy of 95% across
these six trials, demonstrating that the height difference is reliably
perceptible to children in the target age range.

The second norming study sought to ensure that the ages of children
depicted in the stimuli were discernible to participants with mature
knowledge of age cues. To do so, we recruited 28 adult participants
via the University of California San Diego’s undergraduate research
participant pool. Participants saw all 18 pairs of stimuli used in the age
judgment task and were asked, “Who is older?” for each trial. The
overall mean accuracy in selecting the child intended to represent an
older age was 80%. Though performance was not quite at ceiling, this
demonstrates that the stimuli reasonably represented the relative ages
intended according to adult judgments (congruent trials = 83%;
incongruent = 82%; same-height trials = 75%).

Procedure. Participants were randomly assigned to a numerical
age condition or a no numerical age condition. Within each con-
dition, participants were randomly assigned to one of four different
versions, varying only in trial order. All participants were told the
following at the beginning of the task: “I’'m going to show you
photographs of children and ask you who is older. Can you do that?”
For each trial, participants in the numerical age condition were told

3 We restricted the numerical ages of the figures to numbers within the
child’s count list because past studies find that preschoolers are unable to
make “more” judgments for larger numbers while showing substantial
variability in judgments for numbers from 1 to 10 (see Davidson et al., 2012;
Le Corre, 2014). This allowed us to test whether children fail to use
numerical ages because they deem them irrelevant to judging who is older
(e.g., Kuczaj & Lederberg, 1977) or if instead they fail because they do not
yet comprehend the numbers used.
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AGE CONCEPTS 5

Figure 1
Example Trials in the Age Judgment Task

Congruent

Incongruent

Same Height

e 2

(©)

Note.

(A) A congruent trial of images representing a 3-year-old boy (left) and a 5-year-old boy (right), (B) an

incongruent trial of images representing a 3-year-old girl (left) and a 9-year-old girl (right), and (C) a same-
height trial of images representing a 3-year-old boy (left) and a 9-year-old boy (right). The images were
generated via ChatGPT. See the online article for the color version of this figure.

the ages of each of the two children and asked, “Who is older?”
Participants in the no numerical age condition were not told the ages
and were only asked to indicate who was older for each trial.
Later-Greater Task. This task was adapted from Le Corre’s
(2014) study to test children’s knowledge of the relative magnitudes
denoted by the number words included as numerical ages in the age
judgment task. The experimenter introduced the child to a stuffed toy:

Now I’m going to introduce you to my friend, Mr. Monkey. Can you say
hi to Mr. Monkey? Mr. Monkey is really hungry and loves to eat fish. He
has two boxes with fish in them and he needs your help choosing which
box of fish to eat from.

The experimenter then showed the child two open tin boxes that
contained small plastic fish and said, “This box has one fish and this
box has two fish. Mr. Monkey wants this box because he wants more
fish!” Practice trials were then administered in the following order: one
versus two, two versus four, and one versus two. Participants were told
whether they were correct or incorrect on the practice trials. Children
were then presented test trials in which they were told that fish had been
placed in closed tin boxes, followed by a verbal description of how
many were in each, ensuring that their choices were based on their
understanding of the meanings of the number words. Children received
each pair of number words that were included in the age judgment task
once and were not told whether they were correct or incorrect during
the test trials. The order of presentation was pseudo-randomized and
counter-balanced. In both the practice trials and test trials, the order in
which the larger number word was presented, and the side of the table
on which it was placed was also pseudo-randomized. Halfway through
the test trials, the children were administered an attention check.
Children were told, “Look! Do you remember Mr. Monkey? Do you
remember what Mr. Monkey likes to eat? What does he like to eat?
That’s right! Mr. Monkey likes eating fish.” They were reminded that
the stuffed animal was still hungry and needed their help to choose
which box of fish to eat from a few more times.
Autobiographical Memory Task. This task was adapted from
Pathman et al.’s (2013) study to test children’s ability to temporally
order two past events from their own lives. As each child began the
study, their caregiver filled out a questionnaire titled “Recent Events
in Your Child’s Life” to provide the experimenter with events to ask

the child about in the autobiographical memory task. Caregivers were
instructed to provide three events that occurred 1 week ago and three
events that occurred 1 month ago ranked by how memorable they
judged them to be. Caregivers were asked to select events that were
meaningful, memorable, and of interest to the child (e.g., a trip to the
z00) rather than routine events (e.g., eating breakfast). To begin the
task, the experimenter asked the child, “Do you remember when you
XXX? referencing an event that happened either a week ago or a
month ago, as it was described by the caregiver. Whether the child
was first asked about the event a week ago or a month ago was
counterbalanced. The experimenter then asked the child, “Can you
tell me about it?”” Further prompts from the experimenter were used to
elicitrecall if necessary, such as, “What else did you do?” or “Can you
tell me more?” When appropriate, more specific prompts were used to
test recall (e.g., asking a child, “What was your costume?”” if the event
was Halloween trick-or-treating). If the child produced two pieces of
information about the event, it was coded as “remembered” and
eligible to be used in the task. If the child failed to do so, the event was
not considered to be remembered and was deemed ineligible. This
process was then repeated for the next event provided by the parent
for that time period if the child did not remember the first one. If the
child successfully remembered the event, the experimenter moved
onto asking about the first event from the other time period.

Once the child demonstrated recall of one event that occurred a
week ago and one event that occurred a month ago, the experimenter
prompted the child to indicate which event occurred more distantly
and which event occurred more recently. To do so, the experimenter
told the child, “So, you remember when you did x and you remember
when you did y. One of these was a long time ago and one of these
was a short time ago. Which one was a long time ago? Which one
was a short time ago?” Half of the children were asked about the
event “a long time ago” first, and half of the children were asked
about the event “a short time ago” first.

Transparency and Openness

All materials, data, and analysis code for both Experiments 1 and
2 are available at https://osf.io/j6sc8 (Boskovic & Barner, 2026).
Data were analyzed using R (Version 4.5.1; R Core Team, 2025) and
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the R packages Ime4 (Bates et al., 2015), car (Fox & Weisberg, 2019),
emmeans (Lenth, 2025), ggplot2 (Wickham, 2016), dplyr (Wickham
etal., 2022), tidyr (Wickham et al., 2025), and tidyverse (Wickham et
al., 2019). The design and analysis of both experiments were pre-
registered, and we report how we determined our sample size, all data
exclusions, all manipulations, and all measures in the study.

Results

The primary aim of this study was to understand if children
continue to show a size bias when making age judgments when size
differences are less extreme and when children are given access to
numerical information about age. To test this question, we asked how
performance on the age judgment task related to children’s judgments
on the later-greater and autobiographical memory tasks and also
whether performance differed when children were presented with
numerical age information.

Before conducting these preregistered analyses, we conducted
exploratory analyses to describe children’s performances on each of
the individual tasks in the study. Model comparisons were performed
using likelihood ratio tests, and the best fitting models were selected
on the basis of a significant chi-square statistic and reduced Akaike
information criterion value. Where the previous model to be compared
differed in random effect structure, random effects were added to
render the random effect structure identical to the augmented model
for the likelihood ratio test, such that the only difference between
models was the addition of the fixed effect (see Winter, 2013). In an
effort to reduce Type I error (see Barr et al., 2013; Brauer & Curtin,
2018; Schielzeth & Forstmeier, 2009), we reported models that
demonstrated singular fit as is rather than pruning random effects. All
post hoc pairwise comparisons were adjusted for multiple compar-
isons using a Bonferroni correction.

Age Judgment Task

Overall, children performed above chance (0.5) on the age
judgment task, M = 0.69, SD = 0.21, #(121) = 10.03, p < .001,
suggesting that many young children are able to judge relative age
when size differences are subtle, contrary to prior studies (e.g., Looft,
1971). Post hoc one-sample ¢ tests found that 3-year-old children
did not differ from chance either when numerical ages were provided,
M =0.60,SD=0.22,119)=1.96,p = .064,4 or when they were not
provided, M = 0.54, SD = 0.17, 1(19) = 1.02, p = .322. By contrast,
4-year-olds differed from chance both when numerical ages were
provided, M =0.79, SD =0.18, #(19) =7.35, p < .001, and when ages
were not provided, M = 0.58, SD = 0.15, #(19) = 2.36, p = .029.
Moreover, 5-year-olds performed significantly above chance both
when ages were provided, M = 0.96, SD = 0.06, #(19) = 31.84, p <
.001, and when they were not, M = 0.69, SD =0.12,#21) =7.34,p <
.001. These data suggest that by around age 4, children are able to
make age judgments at a rate better than chance (Figure 2).°

Later-Greater Task

Overall, children performed better than chance (0.5) on the later-
greater task, M = 0.80, SD = 0.27, #(121) = 1248, p < .001. Post
hoc one-sample ¢ tests found that 3-year-olds, M = 0.63, SD = 0.26,
#39) =3.25, p = .002; 4-year-olds, M = 0.82, SD = 0.27, #(39) = 7.52,
p < .001; and 5-year-olds, M = 0.95, SD = 0.17, #(41) = 16.87,

p < .001, all performed significantly above chance. Exploratory
analyses and figures investigating how children’s performance
differed across specific pairs of numbers can be found in the
Supplemental Materials.

Autobiographical Memory Task

Overall, 61% of children responded correctly on the autobio-
graphical memory task when asked which event was a long time ago
and which event was a short time ago. A child’s response on this task
was coded as correct if they correctly identified both which event was a
long time ago and which event was a short time ago. A child’s response
was coded as incorrect if they responded incorrectly for either one or
both of the events. Only 55% of 3-year-olds and 50% of 4-year-olds
provided correct responses on the task, whereas 76% of 5-year-olds did
s0, suggesting that there is notable improvement in children’s ability to
temporally order past memories between 3 and 5 years of age.

Primary Analyses

To test which factors are related to children’s understanding of age,
we constructed several generalized linear mixed models predicting
children’s accuracy on the age judgment task. The models described
below are summarized in Supplemental Table 2. While the main text
describes the model structure and comparisons, the table reports the full
coefficient estimates and model fit statistics (Akaike information cri-
terion and log likelihood) for each model. Our base model included only
age (years, continuous, z scored) as a fixed effect, with participant and
item as random intercepts. This model revealed that children’s perfor-
mance in the age judgment task improved with age ( = 0.74, p < .001).

Next, we analyzed the impact of size on children’s age judgments.
We added a term for congruence of the relative ages and sizes of the
figures in the age judgment task (congruent/incongruent/same height)
to our base model, as well as a by-participant slope for congruence.
Relative to the simpler model with only age as a fixed factor, this
augmented model significantly improved fit to the data, y*(2) = 25.79,
p < .001, suggesting that children were influenced by size when
making age judgments, unlike adults, whose performance was similar
across trial types in the norming study (Mcongruent = 0.83; Mincongruent =
0.82; Msame Height = 0.75). Post hoc pairwise comparisons showed that
children were more accurate in the congruent condition than in the
same height (OR = 2.96, SE = 0.94, z = 343, p = .002) and
incongruent conditions (OR = 8.73, SE = 3.18, z = 5.95, p < .001).
Moreover, they performed better in the same height condition than in
the incongruent condition (OR = 2.95, SE = 0.83, z = 3.85, p < .001).
Exploratory ¢ tests comparing children’s performance to chance for
each pairing of numerical age condition and congruence level revealed
that while they performed above chance for all other pairings of
condition and congruence (ps < .05), children performed below chance
when size and age cues were incongruent and numerical ages were not

4 Note that adult performance in the norming study (see the Method
section) was particularly poor on the incongruent trial consisting of images
representing 7- and 9-year-old boys (M,.. = 0.5) compared with the other
trials (M,.. = 0.67+ on each trial). Given this, we repeated all analyses
without the data from this trial and found that except in one instance,
all results remained the same. When this trial was removed from the analysis,
3-year-olds performed above chance when numerical ages were provided,
M =0.61, SD = 0.23, #(19) = 2.12, p = .047.

> See Supplemental Figure 2 for a plot of children’s performance on the
age judgment task for each pair of numerical ages of the figures.
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Figure 2
Children’s Performance in the AJT in Each Numerical Age
Condition Across Age Groups
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standard error of the mean. AJT = age judgment task. See the online article for
the color version of this figure.

provided, M = 0.35, SD = 0.28, #(61) = —4.3, p < .001, suggesting
that many children identify a younger child as older if they are taller in
the absence of numerical age cues (Figure 3).

The previous models demonstrate that children’s age judgments
were impacted by size. To assess whether numerical age influenced
children’s performance on the age judgment task, we added a term
for numerical age condition (age provided/age not provided) to our
earlier model that contained child age and congruence as fixed
effects, as well as a by-item slope for condition. This augmented
model significantly improved fit to the data, ¥*(1) = 19.13, p < .001,
suggesting that numerical age information influenced children’s age
judgments (Figure 2). Post hoc pairwise comparisons found that
children were more accurate when they had access to numerical ages
than when they did not (OR =4.09, SE =1.11, z =5.21, p < .001).
Next, we asked how children’s ability to make use of numerical age

Figure 3

Children’s Performance in the Age Judgment Task for Each Age
Group in Each Numerical Age Condition for Different Levels of
Congruence of the Relative Ages and Sizes of Figures
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cues changed with age (Figure 2). We found that an Age X Condition
Interaction improved model fit, X2(2) = 23.93, p < .001, relative to a
simpler model containing just age and condition as fixed effects. Post
hoc pairwise comparisons found that 3-year-olds’ accuracy did not differ
between conditions (OR = 1.38, SE =0.41, z = 1.08, p = .280), whereas
performance was better in the numerical age condition for both 4-year-
olds (OR =3.72, SE = 1.15, z=4.23, p < .001) and 5-year-olds (OR =
14.94, SE=5.72,7="7.06, p < .001), suggesting that access to numerical
age cues becomes useful for children in making age judgments around 4
years of age, allowing them to use numerical age as the basis of their
judgments rather than a less reliable cue to age such as size. Finally, we
asked whether having access to numerical ages reduced children’s size
bias by examining how the congruence of relative ages and size in-
teracted with the availability of numerical age (Figure 3). We found that a
Congruence x Condition interaction model improved model fit, *(2) =
35.20, p < .001, relative to a simpler model containing just congruence
and condition as fixed effects. Post hoc pairwise comparisons found that
while there was no significant difference in accuracy between the two
conditions when the size and ages of the figures were congruent (OR =
1.25,SE=0.37,z=0.75, p = .450), children’s age judgments were more
accurate when they had access to numerical ages than when they did not
when the cues were incongruent (OR = 6.82, SE = 1.85,z=7.07,p <
.001) and when the two figures were the same height (OR = 3.53, SE =
0.99, z =4.51, p < .001). This suggests that although children can be
misled by size in their age judgments, this effect is reduced when they are
able to make use of numerical age cues.

The results thus far indicate that access to numerical age information
helped children make more accurate age judgments. Left open by these
analyses is whether children who failed to benefit from numerical age
information did so because of their still-developing understanding of
age or instead because they had not yet learned the meanings of the
number words involved in the task. To explore this, we constructed a
model that included an interaction between numerical age condition
and by-trial later-greater accuracy and found that the Condition X
Later-Greater Accuracy interaction model improved model fit, y*(1) =
4.23, p = .040, relative to a simpler model that included only condition
and later-greater accuracy as fixed effects. Post hoc pairwise com-
parisons revealed that when children had access to the numerical age
information, later-greater performance for the same pair of numbers as
the numerical ages presented significantly predicted their accuracy on
the age judgment task (OR =0.51, SE =0.12, z = -2.98, p = .003). By
contrast, when children did not have access to the numerical age
information, their accuracy was not predicted by this by-trial later-
greater performance (OR =0.98, SE =0.22, z=—-0.10, p = .921). This
suggests that children who failed to use numerical information likely
did so because they did not comprehend the numbers used and not
because of a specific failure to reason temporally (though this
knowledge may nevertheless also be absent, as we discuss below).

One limitation of this analysis of later-greater knowledge is that
performance on specific numerical comparisons (e.g., 3 vs. 5) may
not be a valid measure of the importance of numerical knowledge for
all children in the study given that half of the children did not receive
explicit numerical age cues.® For example, it is possible that children

© We found that adding a term for accuracy on the later-greater task on the
trial with the same pair of numbers as the ages of the figures on that trial of the
age judgment task were meant to represent did not significantly improve
model fit compared with the earlier model with age, congruence, and
numerical age condition as fixed effects, xz(l) =1.52, p = 217.
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who struggle to compare two particular magnitudes, like 3 versus 5,
are able to compare other numbers, and have a more general pre-
liminary understanding that later numbers denote greater quantities.
To test this possibility, we constructed an exploratory model that
added a term for accuracy on the later-greater Task as a total score
(rather than by trial) to the model with age, congruence, and numerical
age condition as fixed effects. This model did significantly improve fit
to the data, ¥*(1) = 11.10, p < .001, suggesting that, generally, more
advanced numerical knowledge may lead children to a more accurate
concept of age and ability to make relative age judgments (Figure 4).

Thus far, we have found that size information, numerical knowl-
edge, and access to specific numerical age information all impact
children’s age judgments beginning as early as age 3. Left open by the
analyses presented thus far, however, is whether children at specific
ages were able to make reliable age judgments when both size and
numerical age information were completely absent (Figure 5). Post
hoc one-sample ¢ tests found that 3-year-old children did not differ
from chance on these trials, M = 0.53, SD = 0.22,1(19) = 0.5, p = .62.
By contrast, 4-year-olds, M = 0.63, SD =0.19, #(19) = 3, p = .007, and
S-year-olds, M = 0.73, SD = 0.16, 1(19) = 6.89, p < .001, performed
above chance. This suggests that by age 4, children have not only
acquired the ability to make use of numerical age cues to make age
judgments but have also learned to infer age from facial and bodily
morphological cues. Further, the mean accuracy of 5-year-olds on
these same-height trials (0.73) was similar to that of adults in the
norming study (0.75), suggesting children may approach adultlike
competence in inferring age from morphological cues by 5 years
of age.

Our final analyses focused on the relation between children’s
ability to temporally order recent memories and understanding
of age. We found that adding a term for accuracy on the auto-
biographical memory task to the earlier model containing age,
congruence, numerical age condition, and by-trial accuracy on the
later-greater task did not significantly improve model fit, y*(1) =
0.44, p = .506, suggesting that children’s developing under-
standing of age may not be related to their ability to temporally
order past memories.

Figure 4

Children’s Performance on the AJT as a Function of the Number of
Trials They Responded Correctly on the Later-Greater Task (Split
by Numerical Age Condition)
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Figure 5

Children’s Performance on the Age Judgment Task When
Numerical Age Cues Are Not Provided on Trials in Which the Two
Figures Are the Same Height
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Discussion

Experiment 1 found three main results. First, we found that children
judged relative age above chance by 4 years old when size differences
were subtle or completely absent. This suggests that young children’s
poor age judgment ability demonstrated in previous studies (e.g., Looft,
1971) may have been partially an artifact of the large size differences
employed (which may have suggested to children that size was the
relevant dimension to base their responses on). Although children
performed above chance in their age judgments in this study, we did
find an effect of size/age congruence as in previous studies, such that
children’s age judgments were most accurate when age was congruent
with size (i.e., the older figure was also taller), and least accurate when
the cues were incongruent (i.e., the younger figure was taller). Finally,
we found that children’s accuracy was influenced by both their
understanding of number words and the explicit availability of
numerical ages. By age 4, children’s age judgments were more
accurate if they were told the numerical ages of the figures. Further,
overall performance on the later-greater task, a test of number
knowledge, predicted children’s performance on the age judgment
task. In addition, children’s performance on a given later-greater
number pair (e.g., 3 vs. 5) specifically predicted their age judgments
when those same numbers were provided as the figures’ ages. These
results suggest that while children may resort to size in making age
judgments when they lack other cues to age, once they have access to
numerical age information, they make more accurate relative age
judgments that focus less on physical size.

Overall, Experiment 1 found that 4- and 5-year-old children often
make accurate age judgments, whether using numerical age cues, or
facial and bodily morphology, and can do this even when size
information is completely absent. However, many children (espe-
cially 3-year-olds) continued to show substantial sensitivity to size
information, unlike adults. One interpretation of this finding is that
very young children do not initially differentiate between age and
size, as argued by previous studies (e.g., Looft, 1971). An alter-
native, however, is that even 3-year-olds do not conceptualize age
solely in terms of physical size but may instead lack the ability to
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extract perceptual cues to age that are more easily detected by older
children. For example, in Experiment 1, some children may have
responded according to size because they could not yet differentiate
age on the basis of facial or bodily morphology and did not yet
possess the number knowledge required to make use of numerical
age cues, when available. We explored this question in Experiment
2. Another factor that may explain errors in age judgment is that very
young children may not understand the meaning of the word
“older.” Children may not know what “older” means or may actually
view “older” as a synonym for “bigger.” In either case, children may
not understand the test question and resort to responding based on
physical size as a result, despite possessing some understanding of
age, which has yet to be mapped to the word “older.” We also tested
this question in Experiment 2.

Experiment 2

In Experiment 2, 3- and 4-year-old children again completed a
count-to-10 pretest, an age judgment task and a later-greater task.
However, the age judgment task was modified in several ways. To
understand whether young children truly equate age with size or
simply could not differentiate age on the basis of the morphological
cues we provided in Experiment 1, in Experiment 2 we presented
children with pairs of images contrasting a child with an elderly
person, providing them with more salient morphological cues to age.
Numerical ages were no longer provided in any condition because the
numbers needed to label the ages of elderly people are too large to be
known by 3- and 4-year-old children. Instead, we included the later-
greater task as a measure of whether general numerical knowledge
might play a role in understanding age. Finally, to directly probe
whether children’s understanding of the word “older” might explain
their difficulty in the age judgment task, children were randomly
assigned to one of two conditions. In the first, they were asked to
identify the older figure, and in the second, they were asked to identify
the “grown-up,” a term children use already at 2 years old (Edwards &
Lewis, 1979).

If children do not initially differentiate age from size, they should
continue to exhibit a size bias in their age judgments despite the
presence of more salient morphological cues to age. Moreover, if
children exhibit a delay in mapping their understanding of age to the
word “older,” then those who are asked to identify the grown-up
should perform better than children who are asked to identify who
is older.

Method
Participants

A preregistration is available at https://osf.io/j6sc8. Participants
were 93 native, English-speaking children (M,g. = 4.09 [3.03, 4.99];
SD,g. = 0.56; 48 females, 45 males) who were able to count to 9 in the
count-to-10 pretest. Children were recruited through a local museum
in San Diego, United States. Residents of San Diego are predomi-
nantly White (46.6%) and Hispanic or Latino (29.8%), and the median
household income in the region is $102,285 (U.S. Census Bureau,
2024). Forty-six 3-year-olds and forty-seven 4-year-olds participated
in the study. In each age group, 23 participants were assigned to the
older condition of the age judgment task, and 23 participants were
assigned to the grown-up condition. We also inadvertently tested one

additional 4-year-old in the older condition. In addition to these 93
participants, three children participated in the study but were excluded
from analyses for the following reasons: failure to complete the study
(n = 1) and parental interference (n = 2). Our planned sample size of
92 children was determined with an a priori power analysis on
G*Power Version 3.1.9.7 (Faul et al., 2009) and is adequate to achieve
80% power for detecting a medium effect, at a significance cri-
terion of o = .05 for a linear regression with four predictors (age,
congruence of size and age cues, lexical item condition, and later-
greater task performance).

Materials and Procedure

All materials, data, and analysis code for the experiment are
available at https://osf.i0/j6sc8/. All participants completed a count-
to-10 task, an age judgment task, and a later-greater task in that order.

Count-to-10. This task served as a pretest that children were
familiar with the number words in the later-greater task. Given that
the largest number word in these two tasks was “nine,” children were
asked to count to 10. Children who did not count to at least nine did
not proceed to complete the study.

Age Judgment Task.

Stimuli.  Stimuli in the age judgment task consisted of 36 images,
18 of which were intended to resemble children in middle childhood
and 18 of which were intended to resemble elderly people. Half of the
figures were male, and half were female. Stimuli were created using
ChatGPT’s image generator DALL-E 3 (OpenAl, 2024). The 36
stimuli were organized into 18 pairs. Each pair consisted of one child
figure and one elderly figure. Sex of the figures was controlled such
that male images were only paired with male images and female
images were only paired with female images. The figure meant to be
older was presented on the left of the pair for half the trials and on the
right of the pair for half the trials.

As in Experiment 1, the images were presented in one of two heights
in a computer slideshow presentation: 4.45 or 4.7 in. with the original
height-to-width ratio retained. The height of the images in each pair
was manipulated to create three types of trials (see Figure 6): (1)
congruent trials, in which the image representing an elderly person was
taller and the image representing a child was shorter; (2) incongruent
trials, in which the image representing a child was taller and the image
representing an elderly person was shorter; and (3) same-height trials,
in which both images were presented in the taller height.

Procedure. Participants were randomly assigned to an older or
grown-up condition. Within each condition, participants were ran-
domly assigned to one of four different versions, varying only in trial
order. All participants were told the following at the beginning of the
task: “I"'m going to show you photographs of people and ask you who
is older/a grown up. Can you do that?” For each trial, participants in
the older condition were asked “Who is older?” and participants in the
grown-up condition were asked “Who is a grown up?”

Later-Greater Task. The procedure of the later-greater task
was identical to that in Experiment 1.

Results
Age Judgment Task

Overall, children performed above chance (0.5) on the age
judgment task, M =0.69, SD =0.32,#(92) =5.69, p < .001. Post hoc
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Figure 6
Example Trials in the Age Judgment Task
Congruent Incongruent Same Height
(A) (&)
Note. (A) A congruent trial of images representing an elderly woman (left) and a female child (right), (B) an

incongruent trial of images representing an elderly man (left) and a male child (right), and (C) a same-height trial
of images representing an elderly woman (left) and a female child (right). The images were generated via
ChatGPT. See the online article for the color version of this figure.

one-sample ¢ tests found that 3-year-old children performed above
chance in the grown-up condition, M = 0.76, SD = 0.32, #(22) =
3.92, p < .001, but did not differ from chance in the older condition,
M =0.49, SD =0.29, 1(22) = —0.16, p = .88. Likewise, 4-year-olds
also performed above chance in the grown-up condition, M = 0.87,
SD =0.23, #(22) = 7.93, p < .001, but did not differ from chance in
the older condition, M = 0.62, SD = 0.29, #(23) = 2.06, p = 057
These data suggest that children represent differences between age
groups already at 3 years old but may take longer to learn the
meaning of “older” (Figure 7).

Later-Greater Task

Children performed better than expected by chance (0.5) on the
later-greater task, M = 0.73, SD = 0.24, #(92) = 9.46, p < .001. Post
hoc one-sample ¢ tests found that 3-year-olds, M = 0.64, SD = 0.26,
#(45) =3.79, p < .001, and 4-year-olds, M = 0.82, SD = 0.17, #(46) =

Figure 7
Children’s Performance in the AJT in Each Lexical Item Condition
Across Age Groups
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for the color version of this figure.

12.39, p < .001, performed significantly above chance. These findings
replicate those of Experiment 1. Exploratory analyses investigating
how children’s performance differed across pairs of numbers can be
found in the Supplemental Materials.

Primary Analyses

To test which factors influence children’s understanding of age, we
constructed several generalized linear mixed models predicting
children’s accuracy on the age judgment task using the Ime4 (Bates et
al., 2015) R package. The models described below are summarized
in Supplemental Table 4. While the main text describes the model
structure and comparisons, the table reports the full coefficient esti-
mates and model fit statistics (Akaike information criterion and log
likelihood) for each model. Our base model included only age (years,
continuous, z scored) as a fixed effect, with participant and item as
random intercepts. This model revealed that children’s performance in
the age judgment task improved with age ( = 0.66, p = .04).

Next, we analyzed the impact of size on children’s age judgments.
We added a term for congruence of the relative ages and sizes of the
figures in the age judgment task (congruent/incongruent/same height)
to our base model, as well as a by-participant slope for congruence.
Relative to the simpler model with only age as a fixed factor, this
augmented model did not improve fit to the data, y*(2) = 0.57, p =
.75, suggesting that children were not influenced by size when making
age judgments when morphological cues were salient (see Figure 8).%

" Four-year-old children performed above chance on the age judgment
task in Experiment 1, but not in Experiment 2 when asked to identify the
older figure, even though their mean accuracies were highly similar across
the two studies (Experiment 1: M = 0.59; Experiment 2: M = 0.62). Thus, the
difference in statistical significance between experiments is unlikely to reflect
a meaningful difference in accuracy. Instead, it is more likely driven by
greater variability in children’s responses in Experiment 2 (SD = 0.29)
compared with Experiment 1 (SD = 0.15).

8 A model without a by-participant slope for congruence constructed
during a check of robustness of effects in which random effects were pruned
to reduce singular fit revealed a significant effect of congruence, such that
performance was worse on incongruent trials compared with congruent trials
(B = —0.68, p =.003). This effect is not interpreted in the article due to the
increased probability of Type I error when random slopes are removed (see
Barr et al., 2013; Brauer & Curtin, 2018; Schielzeth & Forstmeier, 2009).
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Figure 8

Children’s Performance in the Age Judgment Task in Each Lexical
Item Condition for Different Levels of Congruence of the Relative
Ages and Sizes of Figures
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To assess whether the lexical item in the test question influenced
children’s performance on the age judgment task, we added a term for
condition (older/grown-up) to our earlier model, which contained
child age and congruence as fixed effects, as well as a by-item slope for
condition. This augmented model significantly improved fit to the
data, y*(1) = 20.9, p < .001, suggesting that the lexical item influenced
children’s age judgments (Figure 7). Post hoc pairwise comparisons
found that children were more accurate when they were asked to
identify the grown-up rather than who is older (OR = 16.6, SE = 10.7,
z=4.4, p <.001). Next, we asked whether the influence of size on
children’s age judgments differed between lexical item conditions. We
found that a Congruence X Condition interaction did not improve
model fit, y*(2) = 0.74, p = .69, relative to a simpler model containing
just congruence and condition as fixed effects, suggesting that there
was no difference in the influence of size between conditions.

Finally, we assessed whether children’s numerical knowledge was
related to their ability to make age judgments given that a positive
relationship was found in Experiment 1. To do so, we added a term for
later-greater task accuracy (sum score) to our earlier model, which
contained age, congruence, and condition as fixed effects. This
augmented model significantly improved fit to the data, y*(1) = 8.84,
p = .003, suggesting that more advanced numerical knowledge is
related to more accurate age judgments (Figure 9). We then asked
whether the influence of numerical knowledge differed between
lexical item conditions. We found that a Congruence X Later-Greater
Task Accuracy model did not improve model fit compared with a
model with just congruence and later-greater task accuracy as fixed
terms, x*(1) = 0.78, p = .38, suggesting that this is not the case.

Discussion

Experiment 2 found four main results. First, 3-year-old children
were able to make accurate age judgments when provided with
salient morphological cues to age and asked to identify who is a
grown-up. Second, unlike in Experiment 1, children did not exhibit a
size bias in their age judgments when provided with salient

morphological cues. This suggests that children may not equate age
with size but that they only use size as a basis for age judgments
when they lack other salient cues to age, as in Experiment 1, or when
size is made artificially salient, as in prior studies (e.g., Looft, 1971).
Third, children performed better in the grown-up condition than the
older condition. This suggests that children learn the word older later
than grown-up, though it is unlikely that this is because children
initially interpret older as a synonym for bigger, as there was no
significant interaction between lexical item and congruence of size
and age cues. This delayed acquisition of older may also explain
children’s poor performance and frequent size responses in previous
studies (e.g., Looft, 1971), as children may not have understood the
test question. Finally, children’s ability to make age judgments was
predicted by their numerical knowledge on the later-greater task,
providing further evidence that acquiring a number system may play
arole in children’s development of the concept of age and that this
knowledge informs age judgments even when numbers are not
explicitly mentioned.

General Discussion

In two experiments, we investigated preschoolers’ understanding
of age and found evidence that children as young as 3 years old use
multiple distinct factors to make age judgments and are not limited
to conceptualizing age in terms of physical size. Three main results
support this conclusion. First, we found that although children
exhibited a size bias in Experiment 1 when judging the relative ages
of children, in Experiment 2, we found they did not have such a bias
when comparing children to elderly adults. This suggests that when
facial and bodily cues to age are sufficiently strong, children as
young as 3 prefer to use these cues over size to support age
judgments. Second, children’s age judgments in both Experiments 1
and 2 were predicted by their ability to order and compare number
words, and this knowledge of number words had the strongest effect
when children were explicitly provided with numerical ages. This
suggests that acquiring a number system may play a key role in

Figure 9

Children’s Performance on the AJT as a Function of the Number of
Trials They Responded Correctly on the Later-Greater Task (Split
by Lexical Item Condition)
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children’s development of the concept of age, perhaps by leading
them to conceptualize age in terms of relative magnitudes defined
over temporal units, like months and years (e.g., “three years old”
vs. “four years old”). Finally, Experiment 2 found that although
many 3- and 4-year-old children failed to make age judgments when
asked who was older, children at these ages performed better when
asked to identify the grown-up, suggesting that some errors reported
in past studies may be due to children’s still-developing compre-
hension of the word “older” rather than to their understanding of
age, per se. Thus, overall, we found that children use a constellation
of cues including facial/bodily morphology, numerical age, and
sometimes size to infer the relative ages of people and that this
ability improves over development as children acquire numerical
knowledge. These findings suggest a richer conceptualization of age
than reported in previous studies that draws on multiple sources of
information from early in development rather than just size alone.

The finding that children did not exhibit a size bias in their age
judgments in Experiment 2 contrasts with Experiment 1 and previous
studies that reported a size bias (Kratochwill & Goldman, 1973; Kuczaj
& Lederberg, 1977; Looft, 1971; Looft et al., 1972). Two factors may
explain this difference. First, our results are compatible with the
hypothesis that children use size to judge age when they lack access to
other salient cues. Children likely recognize the strong correlation
between size and age and frequently use size as a proxy for age. For
example, in Experiment 1, children who responded based on physical
size may have done so because the age differences between the children
in each pair of stimuli were too small (i.e., between 3 and 9 years of
age), resulting in smaller differences in facial or bodily cues to age that
are perhaps not discriminable to young children. Second, as noted in the
introduction, past studies may have found a size bias in part because of
the extreme differences in size that were presented to children. This
large and highly salient difference may have created a pragmatic
pressure, in which children inferred that because size differences were
so large, they must be relevant to the judgments at hand. This might
explain why a size bias was found even in studies that presented
children with more extreme age differences (e.g., when figures re-
presenting an infant and an elderly person were paired; see Looft, 1971).

While our study demonstrates that young children possess a
concept of age that is differentiated from a concept of size, our
findings remain compatible with different degrees of understanding.
In particular, although accurate performance on the age judgment
task is compatible with an understanding of age as time spent alive, it
is also consistent with more limited knowledge states. For example,
recall that in Experiment 2 we found that 3-year-olds successfully
identified the grown-up but failed when asked to identify who was
older. One possibility is that their interpretation of grown-up reflects
an understanding that people who look older have been alive longer
and that acquisition of the word “older” is delayed relative to this
early emerging understanding of age as time spent alive. However,
another possibility is that 3-year-olds categorize people with gray
hair, wrinkles, and so forth as grown-ups, without understanding
that they have been alive longer than younger people, explaining
their worse performance on judging who is older. Similarly, the
finding that children can use numerical age information to make
accurate judgments by 4 years of age is also compatible with dif-
ferent levels of understanding. Although children may understand
that numerical age corresponds to time spent alive, it is also possible
that they employ a simpler heuristic that the person labeled with the

larger number is referred to as older, without understanding that this
relates to time.

Relatedly, another open question is how children use the various
cues that are available to them to acquire such a chronological
understanding of age. Our work and evidence from past studies (e.g.,
Looft, 1971) together show that children recruit several cues to judge
age, including facial/bodily morphology, size, and numerical age.
Moreover, in Experiment 2 we found that prior to making adultlike
judgments of who is older, children categorize individuals into dif-
ferent age groups, like child, grown-up, and so forth (see French et al.,
2018; Rosengren et al., 1991, for further evidence that young children
have formed age group categories mapped onto labels). One possi-
bility, consistent with constructivist accounts of conceptual change
(e.g., Carey, 1985), is that children begin by categorizing people into
different groups and that these groups serve as placeholder structures,
which lay the terrain for building a concept of age. For example, 3-
year-olds may form categories like baby, child, and grown-up by
associating labels with different groups of people but may lack the
understanding that people transition from being babies to children to
grown-ups over time.” To make sense of these categories, children
may draw on their burgeoning understanding of number words. For
example, they might notice that different age groups are referred to by
different numerical ages and that grown-ups tend to have greater ages
than children but also that ages are roughly correlated with size cues.
Although this information alone would not support the inference that
age is chronological, it might set the terrain for this discovery. This is
because around the same time that children map larger numbers to
magnitudes, they also learn the meanings of duration words like
“day,” “month,” and “year,” albeit gradually and over the course
of several years (Grant & Suddendorf, 2011; Shatz et al., 2010;
Tillman & Barner, 2015). Given this, it is possible that children
might discover that age denotes quantities of time by learning the
meanings of number words and that year denotes some amount of
time, and thus that a 10-year-old must be older than a 5-year-old
because they differ with respect to a quantity of years.

Another factor children might draw upon when learning about age is
their ability to represent approximate temporal magnitudes (see
Brannon et al., 2008; Wearden & Lejeune, 2008, for discussions of this
ability). For example, children might implicitly measure the amount of
time different people have been alive and make age judgments on this
basis. However, although past studies find that children can discrim-
inate temporal magnitudes for very brief stimuli (Brannon et al., 2007;
Droit-Volet & Wearden, 2001, 2002; Droit-Volet et al., 2001; Levin,
1977, 1979; Levin & Gilat, 1983; Levin et al., 1978, 1980; Odic, 2018;
Qu et al., 2021; VanMarle & Wynn, 20006), little is known about their
ability to represent larger quantities of time. Adding to this, past studies
find that children are very slow to associate duration words like “day,”
“month,” and “year” with approximate magnitudes and likely do not do
so until around age 6 or 7 when they learn their definitions (e.g., that 1
hr = 60 min; Tillman & Barner, 2015). A final challenge to using this

® We thank an anonymous reviewer for noting that although adults possess
a chronological concept of age such that they represent the progression
through time of being a baby to becoming an adult, they may also reason
about age categorically, segmenting people across the lifespan into different
groups. This is supported by evidence that adults organize their autobio-
graphical memory and conceptualization of their future into time periods
corresponding to distinct “chapters” of their life, with temporal landmarks
marking boundaries between them (Fuhrman & Wyer, 1988; Peetz &
Wilson, 2013, 2014; Shum, 1998; Skowronski et al., 2007; Thomsen, 2009).



of its allied publishers.

an Psychol

5}
b=
<€
(5}
=
>
o
=
8
=
=T

This document is copyri

) be disseminated broadly.

g, and similar technologies, are reserved.

rights, including for text and data mining, Al training

use of the individual user

person

This article is intended solely for the

AGE CONCEPTS 13

strategy is that, absent linguistic measures of approximate duration,
children would be limited to measuring age for people who are born
after them (because all people born before them have spent equal time
alive, from their perspective). Given these constraints, although it is
possible that children are able to represent and compare larger temporal
magnitudes, it seems unlikely that such intuitions are a primary source
of evidence that they use to make judgments of relative age.

While it remains uncertain what role temporal reasoning plays in
early age judgments, our findings make clear that young children
recruit cues other than size in reasoning about age. Nevertheless,
some puzzles based on seemingly conflicting findings remain. For
example, if children in fact only rely on size to judge age when other,
more informative, cues are not available, how should we make sense
of past reports that children sometimes justify size-based judgments
by saying, for example, “he’s bigger so he has to be older” (Looft,
1971)? One possibility is that such justifications reflect the fact that
children understand that size is a strong predictor of age rather than
suggesting that they believe that the bigger person actually Aas to be
older. Consistent with this, children do not exhibit adultlike under-
standing of the modal force of expressions like “have to” until 5 or 6
years of age, often interpreting “have to” as a possibility modal
(Cournane et al., 2026; Leahy & Zalnieriunas, 2021). Thus, children’s
use of “have to” when describing the relationship between age and
size may reflect their still-developing understanding of modal ex-
pressions rather than a belief that age is actually defined by size.

Another puzzle that remains is why children’s ordering of auto-
biographical memories was unrelated to their age judgments. This
result is perhaps surprising because an adultlike ability to order events
in time seems important to acquiring a chronological understanding of
age and aging. However, there are multiple reasons why we might
expect children’s ordering of autobiographical memories and age
judgments to be unrelated. First, as previously mentioned, changes in
children’s age judgments might not have reflected a shift in con-
ceptualizing age in terms of time but rather the application of a
heuristic that the person with the bigger number is older. Alternatively,
it is possible that even if children who succeeded at judging relative
age conceptualized age as time spent alive, their ability to compare
ages may not be related to their ability to order memories because they
do not reason about people’s ages by ordering their births but rather by
making judgments based on the magnitudes of people’s ages. That s, a
child who knows that age refers to time spent alive and succeeds on
age judgment tasks by comparing the magnitude of the temporal
durations denoted by people’s ages might not necessarily be adept at
sequencing events in the past, including people’s births and their own
memories. Another possibility, though, is that such a relation between
these two abilities exists but was simply not captured in our study. For
example, some 3- and 4-year-old children may have performed poorly
on the autobiographical memory task because it required not only
understanding how to order events but also the ability to remember
which event occurred more recently, as well as an understanding of the
phrases “a long time ago” and a “short time ago” given that children
are still learning gradable adjectives such as long and short at this age
(e.g., Barner & Snedeker, 2008; Bartlett, 1976; Clark, 1970; Ehri,
1976; Maratsos, 1973; Nelson & Benedict, 1974; Ryalls, 2000; Smith
et al., 1986; Townsend, 1976). Moreover, although we asked parents
to identify events that occurred a month ago or a week ago, we could
not independently verify the temporal precision of their choices, also
potentially introducing error. For such reasons, the autobiographical
memory task may not be a good proxy for children’s intuitive

understanding of time. This raises the possibility that other tasks might
be, offering an avenue of future research.

The present study features several other limitations that should also
be addressed in future work. One limitation relates to the certainty with
which we can conclude that children’s ability to judge relative age is
related to their acquisition of a number system. It is possible that the
observed relationship between children’s performance on the later-
greater task and the age judgment task may instead be explained by
additional variables such as the child’s domain-general capacities
(e.g., executive functioning) or level of attentiveness to the experi-
mental tasks.'® However, the specificity of the relation between
children’s performance on the later-greater task and the age judgment
task (i.e., that children’s age judgment performance in Experiment 1
when numerical ages were provided was predicted by children’s
ability to judge the relative magnitude of the particular pair of numbers
used in the numerical age expressions) suggests that the relation
between these variables was not merely the result of a more general
underlying factor. Next, our sample was limited to children from one
Western culture, limiting the generalizability of our findings to cul-
tures whose rituals and linguistic expressions related to aging differ
from those of Western cultures. For example, the Amondawa, an
Amazonian tribe whose numerical system does not extend beyond the
number four, do not assign numerical ages to people. Instead, the
Amondawa have words for age groups akin to “baby,” “man,” “old
man,” and so forth and change a person’s proper name when a person
transitions to a different life stage or role in the community, or when a
new person in their family is born, with the newborn sometimes taking
the name previously held by the youngest family member (Sinha et al.,
2011). Moreover, members of some cultures view time as cyclical
rather than linear (see Whitrow, 1988, for a discussion of the history of
such cross-cultural differences), inviting the question of how this view
might impact people’s conception of age and its development. Finally,
we did not record whether participants had siblings in the present
study. This is potentially important because children with older or
younger siblings may have more direct familiarity with the fact that
people who are born later are younger, while people born earlier are
older. Future studies should explore how such differences in cultural,
linguistic, and family backgrounds influence reasoning about age, and
its development.

In summary, the present study found that children as young as 3 use
a constellation of cues to make age judgments, including physical
morphology, and that age judgments improve as children learn
number words, especially when provided with explicit numerical cues
to age. Meanwhile, size information influenced age judgments chiefly
when other stronger cues were not available. Future studies should
continue to explore whether early emerging age judgments are rooted
in a chronological understanding of age, or reflect categorical binning
of individuals as, for example, young or old, or heuristics that, for
example, people with larger numbers in their ages are older.

10 We thank an anonymous reviewer for this suggestion.
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