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Abstract

Young children learn language at an incredible rate. While
children come prepared with powerful statistical learning
mechanisms, the statistics they encounter are also prepared for
them: Children learn from caregivers motivated to communi-
cate with them. Do caregivers modify their speech in order
to support children’s comprehension? We asked children and
their parents to play a simple reference game in which the par-
ent’s goal was to guide their child to select a target animal from
a set of three. We show that parents calibrate their referring
expressions to their children’s language knowledge, produc-
ing more informative references for animals that they thought
their children did not know. Further, parents learn about their
children’s knowledge over the course of the game, and cali-
brate their referring expressions accordingly. These results un-
derscore the importance of understanding the communicative
context in which language learning happens.
Keywords: parent-child interaction; language development;
communication

Introduction
Children learn language at astonishing rates, acquiring thou-
sands of words by the time they are toddlers. How do children
learn so many words before they know how to dress them-
selves? One account for children’s rapid language acquisi-
tion is statistical learning. Young children can attend to the
distributional structure of language, learning to discriminate
words and identify word order from speech streams (Saffran,
2003; Saffran, Aslin, & Newport, 1996). Statistical learn-
ing can be a powerful tool for early language learning, and
showcases the ability that children have to harvest informa-
tion from their surroundings. However, the particular struc-
ture of children’s language environments may also play a role
in supporting language development.

The way we speak to children often differs from the way
we speak to adults. Child-directed speech (CDS) exists across
cultures, and is characterized by higher pitches and more
exaggerated enunciations when compared to adult-directed
speech (ADS) (Cooper & Aslin, 1990; Grieser & Kuhl,
1988). Not only do children prefer CDS over ADS, CDS
is also a better predictor for language learning than over-
heard ADS (Shneidman, Arroyo, Levine, & Goldin-Meadow,
2013). CDS does not only differ from ADS in prosodic
features- the structural qualities of CDS make speech seg-
mentation and word learning easier (Thiessen, Hill, & Saf-
fran, 2005; Yurovsky, Yu, & Smith, 2012). While children
live in the same physical environments as adults, their lan-

guage environments contain specific types of input that facil-
itate early language learning.

Children’s language environments are not only suited for
their abilities; they also change across development. Parents
play a role in changing their children’s language environment,
and there is evidence suggesting that these changes aid lan-
guage development. Parents use simpler, more redundant lan-
guage when talking to toddlers, and more complex syntactic
structures when speaking with school-aged children (Snow,
1972). Importantly, sensitive modification of parent response
shapes language learning in children (Hoff-Ginsberg & Shatz,
1982; Tamis-LeMonda, Kuchirko, & Song, 2014).

Why do parents modify the way they speak according to
their children? One possible explanation is that parents are
actively teaching their children. Indeed, some have posited
that CDS is an ostensive cue for social learning, and that
infants are born prepared to attend to these cues (Csibra &
Gergely, 2009). While it may be true that parents hope to
impart knowledge to their children, we argue that effective
communication is the proximal goal. The field of linguistics
has long established that adults communicate in ways that are
efficient. Grice’s (1975) maxim of quantity states that speech
should be as informative as necessary, and no more. Adults
are able to adhere to these maxims, adapting speech accord-
ing to conversational partners’ knowledge as needed for suc-
cessful communication (Clark & Wilkes-Gibbs, 1986). We
argue that the parent’s goal to communicate with their child
drives the change in language use. Specifically, parents adapt
their speech according to their children’s language abilities.

Parents modify their language as a means to achieve suc-
cessful communication. Research show that parents use sim-
pler language and are more linguistically aligned with their
younger children, and these patterns of speech change as
their children develop (Snow, 1972; Yurovsky, Doyle, &
Frank, 2016). Parents are also sensitive to children’s vocab-
ulary knowledge, and the way they refer to objects change
markedly depending on whether they are novel, compre-
hended, or familiar to their children (Masur, 1997). These
changes in parent speech may indicate adaptations that are
aimed at fulfilling the goal of effective communication, and
that the language necessary to fulfill that goal changes as chil-
dren develop.

Based on work by Masur (1997), we developed a study
to investigate how parents adapt their speech according to
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their children’s vocabulary knowledge. Masur’s study in-
volved parents and children engaging in unstructured free
play, and parents reported their children’s vocabulary knowl-
edge after the session. Our study uses a structured interac-
tive game that allows us to control for the amount and type
of stimuli presented to the parent-child dyads, and parent-
reported vocabulary measures are collected before the study.
Our paradigm also introduces a communicative goal within
a structured game, which also allows parent utterances to be
more comparable across dyads.

We designed an interactive iPad game in which parents ver-
bally guide their children to select animals on an iPad. Each
animal in the game appeared as a target twice. We predicted
that parents would modify their speech based on their beliefs
about their children’s vocabulary knowledge. Specifically,
we predicted: (1) Parents should use shorter referring expres-
sions when describing animals that they believe their children
know, and (2) Upon the second appearance of an animal, par-
ents would adapt the length of their referring expression ac-
cording to whether the child responded accurately on the first
appearance of the animal.

Method

Participants

Toddlers (aged 2.0 to 2.5 years) and their parents were re-
cruited from a database of families in the local community or
approached on the floor of a local science museum in order
to achieve a planned sample of 40 parent-child dyads. A to-
tal of 46 parent-child pairs were recruited, but data from six
pairs were dropped from analysis due to experimental error or
failure to complete the study. The final sample consisted of
40 children aged 2.02 to 2.48 years (M = 2.17), 20 of whom
were girls.

Stimuli

Eighteen animal images were selected from the Rossion &
Pourtois (2004) image set, which is a colored version of
the Snodgrass & Vanderwart (1980) object set. Animals
were selected based on age of acquisition (AoA), using data
from WordBank (Frank, Braginsky, Yurovsky, & Marchman,
2017). The AoA of the selected animals ranged from 12 to 31
months. Half of the animals had lower AoA (12-20 months),
and the other half had higher AoA (25-31 months). Each trial
featured three animals, all from either the low AoA or high
AoA category.

A modified version of the MacArthur-Bates Communica-
tive Development Inventory (CDI; Fenson et al., 2007), a
parent-reported measure of children’s vocabulary, was admin-
istered before the testing session via an online survey. The
selected animal words were embedded among the 85 words
in the survey. Two of the animal words–one in the early AOA
and one in the late AOA category–were accidentally omitted,
so trials for those words were not included in analysis.

Figure 1: Example iPad screens for the child (top) and parent
(bottom) during the experiment.

Design and Procedure
Each parent-child pair played an interactive game using two
iPads. Children were given two warm-up trials to get used
to the iPads. The practice and experimental trials began af-
ter the warm-up. On each trial, three images of animals were
displayed side by side on the child’s screen, and a single word
appeared on the parent’s screen (Figure 1). Parents were in-
structed to communicate as they normally would with their
child, and encourage them to choose the object correspond-
ing to the word on their screen. The child was instructed to
listen to their parent for cues. Once an animal was tapped,
the trial ended, and a new trial began. There was a total of 36
experimental trials, such that each animal appeared as the tar-
get twice. Trials were randomized for each participant, with
the constraint that the same animal could not be the target
twice in a row. Practice trials followed the same format as
experimental trials, with the exception that images of fruit
and vegetables were shown. All sessions were videotaped for
transcription and coding.

Results
The data of interest in this study were parent utterances used
during the interactive game and parents’ responses on the
adapted CDI. Transcripts of the videos were analyzed for
length of referring expressions. We measured the length of
parents’ referring utterances as a proxy for amount of infor-
mation given in each utterance. Parent utterances irrelevant to
the iPad game (e.g. asking the child to sit down) were not an-
alyzed. Children’s utterances were coded when audible, but
were not analyzed.

Word difficulty. We first confirm that the animals predicted
be later learned were less likely to be marked known by the
parents of children in our studies. As predicted, animals in the
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Figure 2: Proportion of parents who reported that their child
understood the word for each of our target animals. Error
bars indicate 95% confidence intervals computed by non-
parametric bootstrap.

early AoA category were judged to be understood by 93%
of parents, and items in the late AoA category were judged
understood by 35%.

The difference between these groups was confirmed statis-
tically with a logistic mixed effects regression with a fixed
effect of AoA type and random effects of participants. The
late AoA items were judged known by a significantly smaller
proportion of parents (β = -5.49, t = -11.22, p < .001). Par-
ents’ judgments for each target word are shown in Figure 2.

Length of referring expressions. If parents calibrate their
referential expressions to their children’s linguistic knowl-
edge, they should provide more information to children for
whom a simple bare noun (e.g. “leopard”) would be insuf-
ficient to identify the target. Parents did this in a number of
ways: With one or more adjectives (e.g., “the spotted, yellow
leopard”), with similes (e.g., “the one that’s like a cat”), and
with allusions to familiar animal exemplars of the category. In
all of these cases, parents would be required to produce more
words. Thus, we analyzed the length of parents’ referential
expressions as a theory-agnostic proxy for informativeness.

We predicted that parents should produce more
informative–and thus longer–referring expressions to
refer to animals that they thought their children did not know.
We divided every trial of the game into phases: The time
before a child selected an animal, and the time following
selection until the start of the next trial. Figure 3 shows the
number of words that parents produced to refer to animals
that they believe their children know versus those they
believe their children do not know–both before their children
selected an animal and after. In line with our prediction,
parents produced significantly longer referring expressions
when talking about animals that they believe their children do
not know. However, once the child had selected an animal,
the expressions that followed did not differ between known
and unknown animals.

We confirmed this result statistically, predicting number of
words from a mixed effects model with fixed effects of phase

known animal

unknown animal
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Figure 3: Length of parents’ references before and after their
child selected a target animal. Points indicate means, er-
ror bars indicate 95% confidence intervals computed by non-
parametric bootstrapping.

and animal knowledge and their interaction, and random ef-
fects of participant and item. In this and all future models, we
analyzed the number of words on a log scale as that improved
model fit, but results are qualitatively similar when raw num-
ber of words was the dependent variable. Phase and the in-
teraction of phase and knowledge were significant: Parents
produced fewer words after selection (β = -0.51, t = -13.16,
p < .001), and when the animal was known, (β = -0.21, t =
-6, p = < .001), but the change was smaller for known ani-
mals (β = 0.08, t = 1.61, p = .107). In the remainder of our
analyses, we focus on utterances in the pre-selection phase of
each trial as the post selection phase did not vary across trial
targets.

Although each parent only gave a single bit of information
about each animal–whether they thought their child knew it
or not–we pooled these judgments across parents to estimate
a continuous measure of difficulty (Figure 2). If parents’ re-
ferring utterances reflect a sensitivity to this continuous dif-
ficulty, the length of their referring expressions should vary
smoothly with the difficulty of words. Figure 4 shows this
relationship, which was confirmed by a mixed effects model
predicting length from fixed effects of difficulty and animal
knowledge, and random effects of subject and trial target.
Referring expressions were reliably longer for more difficult
animals (β = 0.2, t = 2.63, p = .012), over and above the
increase for unknown animals (β = 0.14, t = 3.05, p = .002)

We then tested our second hypothesis: Parents should mod-
ify their productions over the course of the experiment as they
obtain evidence about their children’s knowledge. Because
each animal was the target twice, parents could use their chil-
dren’s selection on the first appearance of the animal to in-
form their referential expressions on the second appearance.
Figure 5 shows the length of parents’ referring expressions as
a function of their prior belief about their children’s knowl-
edge and their children’s selection on the first appearance of
the target animal. As predicted, parents who thought their
children knew an animal, but who observed evidence that
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Figure 4: Number of words in parents’ referential expressions as a function of the proportion of children reported to know
the word for target animal. Points show group averaged proportions, error bars show 95% confidence intervals computed by
non-parametric bootstrap.
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Figure 5: Length of parents’ referring expressions on the sec-
ond appearance of each animal. Points show group averaged
proportions; error bars show 95% confidence intervals com-
puted by non-parametric bootstrap.

they didn’t (i.e. their children selected the wrong animal),
lengthened their referring expressions on its second appear-
ance. Parents who thought their children did not know an
animal before the start of the game did not shorten their refer-
ring expressions if their children were correct the first time.
We cannot say definitively why their referring expressions do
not change in length, but one likely explanation is that the ref-
erences that lead to success the first time were heavily scaf-
folded and may not even have contained the animal’s canon-
ical label (e.g. “the one that looks like a cat” for leopard).
We confirmed these results with a mixed effects model pre-
dicting length of expressions from parents’ prior beliefs, their
children’s selection on the first trial, and their interaction. We
found only the interaction to be significant: References were
not reliably longer when parents thought their children did
not know the animal (β = 0.28, t = 4.14, p = < .001), nor
when the children were incorrect on the previous trial (β =
0.27, t = 3.82, p = < .001, but only when the parent thought

term estimate t-value p-value
intercept 3.10 4.29 < .001
length (log) -1.34 -2.53 .011
unknown -3.06 -3.07 .002
second appearance -0.18 -1.06 .288
trial number 0.01 1.00 .317
length * unknown 1.39 1.88 .061

Table 1: Coefficient estimates for a mixed-effects lo-
gistic regression predicting children’s success in se-
lecting the target animal. The model was specified
as correct ∼ log(length) * unknown + appearance
+ trial + (1|subj) + (1|animal).

their children did not know the animal and their children were
incorrect on the previous trial (β = -0.44, t = -4.29, p = <
.001).

Children’s selections. Overall, children performed signifi-
cantly above chance for both low AoA and high AoA trials.
In our previous analyses, we showed that parents calibrated
the length of their referring expressions to their beliefs about
their children’s knowledge. They did this both in response to
their prior beliefs (Figure 3), and their in-game observations
of their children’s knowledge (Figure 5). In our final analy-
ses, we asked whether this mattered for children’s selections.
Are children more likely to succeed in the task when parents
provide well calibrated utterances? We asked this question by
predicting children’s selection trial by trial from a mixed ef-
fects logistic regression with fixed effects of parents’ prior be-
liefs about children’s knowledge of the target animal, whether
the trial was the first or second appearance of the the target
animal, the length of parents’ referring expressions, and the
interaction of parents’ prior beliefs and the length of their ex-
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Figure 6: Children’s accuracy at selecting both known and
unknown animals. Points indicate means, error bars indicate
95% confidence intervals computed by non-parametric boot-
strapping.

pressions, as well as random effects of subject and trial target.
Children were more likely to be correct when their parents
produced longer references, but only for animals that their
parents believed that they did not know. Thus, parents’ infor-
mative references to unknown animals did appear to be sup-
porting successful communication of the target animal. Table
1 shows coefficient estimates for all parameters.

Discussion
Parents have a wealth of knowledge about their kids, includ-
ing their linguistic development (Fenson et al., 2007). Do
they draw on this knowledge when they want to communi-
cate? In a referential communication task, we showed that
parents speak differently depending on their beliefs about
their children’s vocabulary knowledge. Specifically, they pro-
duce shorter, less informative expressions to refer to animals
that they believe their children know relative to animals that
they think their children do not know. Further, parents update
their beliefs during the course of the task, producing more
informative expressions on the second appearance of an an-
imal they previously thought their children knew if they ob-
served evidence to the contrary (i.e. when children selected
the wrong animal). We further found that more informa-
tive referring expressions were associated with increased like-
lihood of successful communication: Children were more
likely to correctly select animals whose names they did not
know if their parents produced longer utterances to refer to
them. We leveraged length as a proxy for informativeness
in parents’ expressions in the service of quantitative, theory-
agnostic predictions. In ongoing work, we are analyzing how
parents succeed on these trials, and investigating whether dif-
ferent strategies lead to different levels of success.

In general, communicative success was high. Children se-
lected the correct animal at above chance levels, even for tar-
gets whose names their parents thought they did not know.
Because easy and hard animals appeared on separate trials,
children’s high accuracy in selecting unfamiliar animals is

unlikely to be due to the use of strategies like mutual exclu-
sivity (Markman & Wachtel, 1988). Instead, parents must
have produced sufficient information for their children to find
the correct target. Taken together with our finding that par-
ents used longer sentences for words they think their children
do not know, our results suggest that parents modified their
speech as a means to communicate.

Our proposed explanation for these results is that they are
produced by a pressure for effective communication: Parents
need to produce sufficient information for their children to
understand their intended meaning. That is, parents design
their utterances for their children’s benefit (speaker-design,
Jaeger, 2013). It could be instead that these utterances reflect
pressure from speaking itself. For example, length of parents’
utterances may reflect their difficulty in retrieving certain an-
imal words (MacDonald, 2013). We find this explanation un-
likely given that parents were given the target words in written
form on their iPad, essentially eliminating retrieval problems
(Wingfield, 1968). The fact that parents are using long and
short referring expressions depending on their beliefs about
children’s vocabulary knowledge suggests that they are cali-
brating to their children.

It is important to note that our current results do not rule
out the possibility that parents are engaging in pedagogy. Par-
ents may be using longer referring expressions because they
wish to teach their children certain words, and this could po-
tentially explain why parents use longer references for words
they believe their children do not know. To understand the
motivations behind long and short utterances, we are cur-
rently analyzing the content of parents’ speech. Preliminary
qualitative analysis shows that parents use more adjectives
on trials where they believe their children do not know the
target word (e.g. “Pick the red lobster” instead of “Pick the
lobster”). The use of adjectives on these trials may reflect
an intention to teach children about a certain animal, but it
could also indicate a pressure to communicate effectively. In
the lobster example, the color “red” is likely a helpful cue
for children, and parents may be using adjectives as a way to
help children select the correct target quickly. While our cur-
rent findings do not allow us to distinguish between the peda-
gogical and communicative hypotheses, we hope that further
analysis of parents’ speech will help us differentiate the two
accounts.

Our work contributes to the current literature on parent-
child interaction, and forms the basis for further experimental
work examining the influences that parent speech has on chil-
dren’s language development. In line with Masur (1997), our
findings provide evidence that parents calibrate speech sensi-
tively to their children’s vocabulary knowledge. These results
are important in light of previous work suggesting that par-
ent responsiveness and sensitivity shape the way young chil-
dren learn language (Hoff-Ginsberg & Shatz, 1982; Tamis-
LeMonda et al., 2014). Furthermore, we propose that par-
ents are modifying their speech as a means to communicate,
and that communicative intent shapes the language environ-
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ments children experience. Further qualitative analysis of our
dataset will shed light onto the characteristics of parent-child
communication that are helpful for language acquisition.

Finally, this study highlights the importance of studying
the parent-child pair as a unit, rather than viewing children
as isolated learners: both parents and children contribute to
the process of language development (Brown, 1977; Hoff-
Ginsberg & Shatz, 1982). Focusing on the interactive and
communicative nature of language captures a more realistic
picture of children’s language environments: The input that
children receive is not random – it is sensitive to their devel-
opmental level.

All code for these analyses are available at
https://github.com/ashleychuikay/

animalgame
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