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Abstract

To communicate successfully, we need to use words that our
conversational partner understands. Adults maintain precise
models of the words people are likely to know, using both prior
experience with their conversational partner and general met-
alinguistic information. Do children also know what words
others are likely to know? We asked children ages 4-8 (n =
62) to predict whether a very young child would know each
of 15 familiar animal words. With minimal information, even
children as young as 4 made reliable predictions about the tar-
get child’s vocabulary knowledge. Children were more likely
to judge that a younger child would know an early-acquired
word (e.g., dog) than a late-acquired word (e.g., lobster), and
this pattern became more robust over development. Thus, even
preschool age children are adept at inferring other children’s
vocabulary knowledge, and they could leverage this informa-
tion to communicate effectively.
Keywords: communication, metalinguistic, knowledge rea-
soning, cognitive development

Introduction
Imagine visiting the zoo with your friend and their 2-year-old.
As you walk by the peacocks, you hear your friend say, “Do
you see those blue birds?” Immediately, you know that your
friend is talking to their child and not you. If they were talking
to you, saying “peacock” would be perfectly clear; however,
“blue bird” might be a better description for a child who has
never seen a peacock before. Even when talking about the
same object, we use different words depending on what we
think our conversational partners know and don’t know.

The fluency of our everyday conversations depends on ex-
actly this kind of adaptation. A large body of work has doc-
umented the variety of ways in which adults take their com-
municative partners’ knowledge into account (e.g., Clark &
Murphy, 1982; Brown-Schmidt & Hanna, 2011). For exam-
ple, when re-telling a story to someone who has heard it be-
fore, adults reduce the amount of information they give, but
not when re-telling the story to a new partner (Galati & Bren-
nan, 2010). Adults can adapt even to partners who are quite
different from them, as in the case of parents and their chil-
dren. Parents model the fine-grained details of their children’s
vocabularies and use these models in spontaneous communi-
cation (e.g., using “blue bird” to describe a peacock; Leung,
Tunkel, & Yurovsky, in press). Taken together, these studies
show that adults tailor their speech according to their conver-
sational partner’s knowledge, previous interactions, and gen-
eral metalinguistic knowledge.

In comparison, children may be less flexible in their ability
to adapt to communicative partners. In studies that explicitly
highlight their conversational partner’s knowledge, children
can use this knowledge to guide their word choices (Baer &
Friedman, 2018). However, other studies have shown that
children struggle to adapt to their communicative partners
in more naturalistic conversational settings (e.g., Krauss &
Glucksberg, 1977). In children’s everyday interactions, ef-
fective listener design requires them to spontaneously reason
about their partner’s knowledge and adjust their speech ac-
cordingly. In our study, we directly probe one crucial compo-
nent of listener design: the ability to infer a partner’s vocabu-
lary knowledge.

Adults are able to make graded and surprisingly accu-
rate relative estimates of when a word is generally learned.
Kuperman, Stadthagen-Gonzalez, & Brysbaert (2012) asked
adult participants to report the age at which they understood
a given word and obtained judgments for 30,000 English
words. These judgments were then directly compared with
age of acquisition data, i.e the typical age that a given word is
actually learned (hereafter referred to as AoA). While adults
typically overestimate the absolute age at which they learned
a given word, the estimated order in which words are acquired
is intact (Kuperman et al., 2012). This metalinguistic knowl-
edge could allow adults to make reasonable inferences about
what different individuals (e.g., a young child) might know
and adapt their speech accordingly.

Can children use this same kind of information to predict
what words a younger child might know? Reasoning about
another person’s specific lexical knowledge could be difficult
for young children. Children often over-attribute knowledge
to others, especially knowledge they themselves already have
(Birch & Bloom, 2003; Ghrear, Fung, Haddock, & Birch,
2020). This bias to over-attribute knowledge could hinder
children’s ability to reason about a younger child’s knowl-
edge.

However, even preschool age children can make non-
egocentric knowledge judgments in some tasks. Asked about
variety of general knowledge skills, young children attribute
different levels of knowledge to infants, preschool children,
and adults (Fitneva, 2010; Taylor, Cartwright, & Bowden,
1991). While these studies sometimes include vocabulary
items (e.g., Taylor et al., 1991), they test whether children
make broad distinctions between different people’s knowl-

���



edge, such as an infant not knowing any words, a child know-
ing simple words (e.g., happy), and an adult knowing com-
plex words (e.g., hypochondriac).

We ask whether children can infer another child’s specific
vocabulary knowledge to make word-level predictions con-
sistent with normative age of acquisition. One study suggests
that children as young as 5 can accurately estimate the age
and order in which they learned a variety of words (Walley
& Metsala, 1992), but can they reason about other children’s
vocabulary knowledge? We introduced 4- to 8-year-old chil-
dren to a younger fictional child, and asked them to make
judgments about the target child’s knowledge of various fa-
miliar words. Even 4-year-old children made judgments that
matched the estimated order of acquisition, such that they
judged the fictional child to be more likely to know early-
acquired words and less likely to know late-acquired words.
Older children’s judgments more reliably recovered the order
of acquisition. We end by discussing children’s own expla-
nations for why the target child would know (or not know)
particular words.

Method
Stimuli
To create a coherent game that would be enjoyable for chil-
dren, we selected stimuli from a single domain (animals). Our
stimuli consisted of 15 animal words, along with correspond-
ing images of each animal. We pulled all animal images (n =
45) from a normed image set (Rossion & Pourtois, 2004; re-
coloring of Snodgrass & Vanderwart, 1980). To ensure our
stimuli spanned a range of ages of acquisition (AoAs), we
ranked the animal words from earliest to latest AoA, using
adult estimates from Kuperman et al. (2012), and split the
words into five bins. In order to select animal images that are
recognizable and typically identified by a single name, we
chose the three animals from each AoA bin with the highest
naming agreement according to a naming task with children
(Cycowicz, Friedman, Rothstein, & Snodgrass, 1997).

The resulting animal words, ordered by estimated AoA,
were dog, duck, cat, pig, fish, turtle, zebra, elephant, snake,
penguin, gorilla, owl, raccoon, leopard, and lobster. Al-
though adult AoA estimates for these words range from 2.5
to 7.5 years old (Kuperman et al., 2012), all of these an-
imal words are generally acquired by age 3 according to
parent-reported estimates of children’s vocabulary knowledge
(Frank, Braginsky, Yurovsky, & Marchman, 2017). Because
the youngest children in our study were 4 years old, we ex-
pected all participants to know these animal words.

Participants
We pre-registered a planned sample of 60 children ages 4-8,
with 12 children per year-wise age group. Due to overrecruit-
ment, our final sample included 62 children (12 4-year-olds,
13 5-year-olds, 13 6-year-olds, 12 7-year-olds, 12 8-year-
olds). Based on a pre-registered exclusion criterion, children
who failed to answer all of the questions were excluded and

Figure 1: The structure of an example trial. The experi-
menter labeled the animal, then asked the child “Do you think
Sam knows that this is called an elephant?” Based on their
response, children were then asked to provide a confidence
judgment on a 3-point scale (a little sure, medium sure, very
sure). Confidence judgments were recoded into the 6-point
scale shown here.

replaced (an additional 6 children). Families were recruited
online, primarily through a US University database of fam-
ilies who have expressed interest in doing research or previ-
ously participated. Children completed this study over Zoom,
interacting with a live experimenter who navigated a slide-
style, animated Qualtrics survey.

A separate sample of 30 adults were recruited via Amazon
Mechanical Turk. The adult sample provides a simple test
that our task elicits robust inferences about the target child’s
lexical knowledge, and that these inferences correspond to
extant AoA data. Adult participants completed the same task
using Qualtrics, with minor modifications as described below.

Procedure
Introduction. Children were shown a picture of a child named
“Sam” (seen in Figure 1). Children were anchored to Sam’s
knowledge of various familiar skills, specifically some skills
that Sam has acquired (e.g., coloring), and some that Sam has
not yet acquired (e.g., reading). Children were then specifi-
cally anchored to Sam’s possible word knowledge in a non-
animal domain. They were given an example of one word
Sam knows (car), and one word that Sam does not know
(piano). This introduction was intended to ensure that chil-
dren understand there are things Sam does not know yet (even
things children themselves likely know, such as how to read).

Trial structure. On each trial, children were shown a draw-
ing of a familiar object or animal (Rossion & Pourtois, 2004).
The experimenter first labeled the object (e.g., “Look, it’s [an
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elephant]!”), and then asked about the target child’s knowl-
edge (e.g., “Do you think Sam knows that this is called [an
elephant]? Yes or no?”). Based on their response, children
were then asked a follow-up question: “How sure are you that
Sam [knows/doesn’t know] that this is called [an elephant]–a
little sure, medium sure, or very sure?” All questions were
presented with accompanying pictures of thumbs [up/down]
of varying size (see Figure 1). Children as young as 3 are able
to engage in uncertainty monitoring and report their confi-
dence, although these skills do develop in the preschool years
(Lyons & Ghetti, 2011). Children’s responses to these two
items were recoded onto a 1-6 scale from 1–very sure Sam
doesn’t know to 6–very sure Sam knows (Figure 1). Our two-
step question structure allowed us to collect a gradient re-
sponse while maintaining simplicity, as young children may
struggle to comprehend a 6-point scale.

The experimenter provided no evaluative feedback on any
trials, but did offer consistent neutral feedback (e.g., repeat-
ing the child’s answer or saying “Okay!”). When a child
failed to respond within about 5 seconds or offered a non-
canonical response (e.g., saying “Maybe”), the experimenter
acknowledged the child’s answer and then repeated the ques-
tion with the possible responses. If a child did not answer af-
ter the question was repeated, the experimenter moved on and
marked the trial as no response. These were considered “in-
complete” sessions and these participants were not included
in the final sample.

Familiarization trials. Children first completed two non-
animal familiarization trials, one for an early-acquired word
(ball) and one for a late-acquired word (artichoke). These
trials followed the trial structure described above and were
intended to help familiarize children with the structure of the
questions and scales. These trials were always asked first and
in a fixed order.

Animal trials. Children were then shown 15 trials of the
same form (see example trial in Figure 1). For the 15 ani-
mal trials, trial order was randomized across participants to
control for any potential order effects in children’s responses.

Explanation. After completing the final animal trial,
children were asked an open-ended explanation question
about their final judgment (e.g., “Why do you think Sam
[knows/doesn’t know] that this is called [an elephant]?”). Be-
cause the trial order was randomized, the explanations con-
cerned different animal words across participants.

Final check questions. Children were asked two questions
about Sam’s skill knowledge, one early-acquired skill (going
up and down stairs) and one very late-acquired skill (driv-
ing a car). These questions again followed the general trial
structure described above. The skill knowledge items were
included as an additional check that children at all ages were
able to use the scale appropriately, in case young children
failed to differentiate animal words based on AoA. Lastly,
children were asked to report how old they thought Sam was.
This question was intended to assess another aspect of chil-
dren’s belief about Sam. Sam’s photo and skill knowledge
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Figure 2: Comparing adult AoA estimates (in years, taken
from Kuperman et al., 2012) and children’s judgments on our
6-point scale (1 = very sure Sam doesn’t know; 6 = very sure
Sam knows). The black lines show 95% confidence intervals
for each item. The shaded region shows the confidence inter-
val based on a linear regression estimated from the raw data.

were intended to indicate toddlerhood.

Adult procedure. Adult participants completed a mini-
mally adapted version of the same task online via Qualtrics.
Unlike children, adults were simply presented with the full
6-point scale (1–very sure Sam doesn’t know to 6–very sure
Sam does know). Additionally, the task was administered
asynchronously, so adult participants did not interact with an
experimenter or receive any feedback during the task. Other-
wise, the adult task was identical to the child task described
above.

Results
Familiarization trials
Two familiarization items (ball and artichoke) were included
to help children get accustomed to the general trial structure.
We report children’s responses on these familiarization items
here. We used a mixed effects model using the lme4 package
in R (Bates, Mächler, Bolker, & Walker, 2015), predicting
children’s knowledge judgments from the item with a random
effect of participant.

Overall, children were significantly more likely to report
that Sam knows the word ball (mean = 4.65) than that Sam
knows the word artichoke (mean= 1.87, b= 2.77, t = 10.6, p
< .01). Analyzing judgments separately for each age group,
4-year-olds did not significantly differentiate the two famil-
iarization items (b = 0.17, t = 0.21, p = .83). All other
age groups significantly differentiated the two familiarization
items (ps < 0.05).
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Figure 3: Children’s and adults’ judgements about the target child’s word knowledge across development, compared with adult
AoA estimates (in years, taken from Kuperman et al., 2012). Each point represents 1 of the 15 word items, with black lines
showing 95% percent confidence intervals for each item. The shaded region shows the confidence interval based on a linear
regression estimated from the raw data.
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Figure 4: Coefficient estimates of the effect of age of acqui-
sition on children’s and adults’ knowledge judgments. Points
indicate means, error bars indicate 1 standard deviation.

Skill knowledge

As an initial check that children at all ages were able to
use the scale appropriately and infer knowledge in an eas-
ier case, we included two questions about the target child’s
skill knowledge. Note that the two skill items (going up and
down stairs and driving a car) are in line with children’s own
knowledge. That is, children should be able to answer these
questions appropriately even if they are reasoning egocentri-
cally about their own knowledge.

Overall, children differentiated the target child’s skill
knowledge on these two items. We used a similar mixed
effects structure predicting children’s knowledge judgments

from the item with a random effect of participant. Children
were significantly more likely to report that the target child
knows how to go up and down stairs (mean = 4.1) than that
the child knows how to drive a car (mean = 1.4, b = 2.69, t =
10.29, p < .01). Analyzing judgments separately for each age
group, even 4-year-olds significantly differentiated the two
skill items (b = 2.33, t = 4.31, p < .01).

Judgments of vocabulary knowledge
Our primary analyses compare knowledge judgments on our
6-point scale to AoA estimates from adults (taken from Ku-
perman et al., 2012). Data were analyzed using a pre-
registered mixed effects model. We predicted knowledge
judgments from adult AoA estimates, including random ef-
fects for participant and word.

We expected that overall, children’s judgments would re-
cover the ordinal shape of age of acquisition data for these
items. That is, children would infer that the target child is
most likely to know early-acquired words, and least likely to
know late-acquired words. As a result, we expected a nega-
tive relationship between judgments of the target child’s lex-
ical knowledge and adult AoA estimates.

First, analyzing adults responses on our task, we saw the
predicted negative correlation between AoA and adults’ judg-
ments of the target child’s knowledge (Figure 3, b = -0.63,
t = -8.71, p < .01). This confirmed that our task elicited reli-
able predictions from adults, and that adults’ inferences about
the target child’s knowledge match predictions from AoA es-
timation tasks (Kuperman et al., 2012).

Do children’s judgments about another child’s vocabu-
lary knowledge also reflect a sensitivity to which words are
learned earlier or later? Overall, we found a significant nega-
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tive correlation between AoA and children’s judgments (b =
-0.65, t = -8.29, p < .001). As a group, children were more
confident that the target child would know an early-acquired
word (e.g., dog), and also more confident that the target child
would not know a late-acquired word (e.g., lobster, see Fig-
ure 2).

We then asked whether children develop sensitivity to
Sam’s vocabulary knowledge, with older children’s judg-
ments recovering word-level AoA data more closely. We used
the same mixed effects model but included an effect of age
and an interaction between AoA and age. We again found a
reliable main effect of AoA (b = -0.65, t = -8.29, p < .001),
a main effect of age (b = 0.55, t = 3.68, p < .001) and a sig-
nificant interaction between the two (b = -0.14, t = -5.1, p
< .001). As predicted, older children’s judgments were more
adult-like, such that they more robustly reflected adult esti-
mates of the order of acquisition (Figure 3).

To test the robustness of children’s intuition at each age,
we ran the model separately for each pre-determined year-
wise age group (Figure 4). We found a significant negative
correlation between AoA and children’s judgments at all age
groups (with the smallest effect in 4-year-olds: b = -0.33, t =
-3.01, p = .01). That is, even 4-year-old children judged that
late-acquired animal words were less likely to be known by
the target child. Interestingly, judgments from the older two
age groups of children were more closely correlated to data
from Kuperman et al. (2012) than were adult participants’
judgments (Figure 4). This appeared to be primarily driven
by a greater willingness to judge Sam as moderately or very
unlikely to know late-learned animal words, whereas adults
were less sure about these same judgments (Figure 3). We
return to this finding in the Discussion.

Target child age
At the end of the study, participants were asked to guess the
target child’s age. While the familiarization phase included
information about the child’s language and skill knowledge,
no age was explicitly given. Looking at children’s responses,
the median response was that the target child was 3 years old.
Looking at adult’s responses, the median response was that
the target child was 4 years old.

Explanations
As an exploratory analysis, we examined the reasons chil-
dren gave for why the target child would or would not know
a given word. While children sometimes offered spontaneous
explanations throughout the study, our analysis focused on
the explanations elicited after the final animal trial. The ex-
planations were divided into 6 categories: Language, Experi-
ence, Location, Age, Unsure, and Other.

Language includes explanations that explicitly appealed to
language properties. Experience includes explanations that
appealed to real-world experience with the referent. Location
includes explanations that specifically referenced a particular
place the animal is associated with. Age includes explana-
tions that referenced a particular age or general age group.
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Figure 5: Children’s explanations for why they think the tar-
get child knew or didn’t know an animal word. Categories
are not mutually exclusive.

Any child that failed to answer the explanation question or
expressed ignorance was coded as giving an explanation of
Unsure. An explanation that didn’t fall into any of the above
categories was coded as Other. Note that coding was not
mutually-exclusive, so explanations could be coded as includ-
ing multiple categories. See Table 1 for examples of each
category. Figure 5 shows the proportion of children who gave
each type of explanation.

To understand how children’s explanations may change
over development, we divided participants into older (6-8
years old) and younger children (4-5 years old). Unsur-
prisingly, Unsure explanations were much more common in
younger children (44%) when compared to older children
(8.33%). Language explanations were used by the highest
proportion of children overall (27.27%). Do older children
account for all of those explanations? Although more of the
older children appealed to Language explanations (30.56%),
these explanations were also common in younger children
(24%). Thus, while young children were more likely to of-
fer no explanation, the explanations they did offer seemed to
rely on factors similar to older children’s explanations.

Discussion
Our ability to infer other people’s knowledge is crucial for
successful communication. Young children are capable of
inferring others’ general knowledge, but are they also sen-
sitive to another person’s specific knowledge? We asked 4- to
8-year-old children to estimate another child’s knowledge of
words, and found that children as young as 4 are sensitive to
a younger child’s vocabulary knowledge.

Our findings highlight that young children have robust met-
alinguistic knowledge (Walley & Metsala, 1992), and can use
that knowledge to make highly specific inferences about other
people’s vocabularies. The animal words used in our study
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Category Example Utterance
Language Because it was a very long word.

Because it only has 3 letters.
Experience Because maybe he has a dog.

Because gorillas are really rare animals
Location Because penguins live in the arctic and it’s too cold for little kids...

Because fish swim under the ocean.
Age Because I think I knew that when I was around 3...

Because if he went to preschool then he probably knew it...
Unsure I don’t know.

I’m not sure.
Other Because it had a longer beak than a bird.

Because it’s small.

Table 1: Example explanations from child participants for each of the five categories used for coding.

are generally learned within a 6-month period, yet young
children still distinguished early-acquired words from late-
acquired words in this set. Prior studies have shown that chil-
dren are sensitive to broad differences in vocabulary knowl-
edge of infants, young children, and adults (Taylor et al.,
1991). Our study further demonstrates that children read-
ily make specific, word-level predictions about the language
knowledge of another child.

Surprisingly, children’s judgments of another child’s
knowledge did not just approach adults’ judgments over de-
velopment. Compared to adults, the oldest children in our
study gave more accurate judgments as measured by their cor-
relation with an external measure of age of acquisition (Ku-
perman et al., 2012). While older children and adults were
both highly confident that a young child would know early-
acquired animals, adults were less confident that a young
child would not know the late-acquired animals. It is pos-
sible that children are more accurate in their judgments be-
cause they better remember learning the animal words (see
also Walley & Metsala, 1992), but our findings do not support
this account, since older children were more accurate than
younger children. Alternatively, adults’ caution in asserting
that the target child did not know the late-acquired animals
could have reflected their difficulty in estimating the child’s
age. In line with this account, adults judged Sam to be a year
older than children did on average. In future work, we plan
to explore these possibilities by asking children and adults to
make vocabulary judgments about children of multiple ages.

How are children in our study making estimates about
other people’s knowledge? Children’s own explanations sug-
gest that they use various cues to make their estimates. Over-
all, language-related explanations were most common, and
even preschool age children appealed to this explanation.
However, such explanations are difficult to interpret, and the
mechanisms underlying children’s knowledge estimates are
outside the scope of the current study. Future work should
more directly probe the features underlying this inference–
to see if children are relying on their own uncertainty, word
length (and other linguistic cues), features of the referent it-

self, or other features.
The current work lays the foundation for future research

on how children leverage their knowledge of other people to
communicate successfully. While some studies have found
that young children struggle in a variety of communicative
tasks (e.g. Krauss & Glucksberg, 1977), other work has
shown that by age 5, children selectively talk about general
or specific characteristics of an object based on their partner’s
knowledge state (Baer & Friedman, 2018). Why might chil-
dren struggle in some situations and not others? Our work
can begin to address this question by mapping out whether
communicative difficulties stem from tracking an interlocu-
tor’s knowledge, or problems using that information in lan-
guage production. Young children eventually become effec-
tive communicators, and our work demonstrates that by age 4,
children may have one key ability in place: inferring others’
specific vocabulary knowledge.

Pre-registrations, stimuli, data, and analysis code
are available at https://osf.io/hw9r6/.
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