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1  |  INTRODUC TION

Language learning and use is a fundamentally social behavior—when 
children hear ambiguous or novel words they can rely on social in-
formation to infer meaning (e.g., Bohn & Frank, 2019; Clark, 2009; 
Tomasello, 2008). One such information source is the social context 
of the utterance: as discourse unfolds, interlocutors build up com-
mon ground—a set of shared knowledge and beliefs—that serves as 
a background against which new utterances are interpreted (Bohn & 
Köymen, 2018; Clark, 1996).

Children's interpretation of pronouns provides a good case to inves-
tigate their reliance on common ground because pronouns represent a 
referent that is mentioned or implied in the previous discourse. While 

children have difficulties with interpreting pronouns until about age 
6 (Ambridge & Lieven, 2011; Matthews et al., 2009), recent evidence 
suggests that discourse structure helps children as young as 18 months 
to disambiguate pronouns. For example, children interpret the pronoun 
it as referring to a previously mentioned object—even when it was 
absent from the scene (Ganea & Saylor, 2007; Lidz et al., 2003). In a 
similar way, 3- to 5-year-olds use discourse context to interpret per-
sonal pronouns (Hartshorne et al., 2015; Song & Fisher, 2005). Beyond 
interpreting pronouns, children can also use discourse structure and 
common ground to learn the meaning of novel words (e.g., Horowitz & 
Frank, 2015; Sullivan & Barner, 2016; Yuan & Fisher, 2009).

In most studies, the loose construct of “discourse” or “common 
ground” is operationalized as including the objects that have been 
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Abstract
In conversation, individual utterances are almost always ambiguous, with this ambi-
guity resolved by context and discourse history (common ground). One important cue 
for disambiguation is the topic under discussion with a particular partner (e.g., “want 
to pick?” means something different in a conversation with a bluegrass musician vs. 
with a book club partner). Here, we investigated 2- to 5-year-old American English-
speaking children's (N = 131) reliance on conversational topics with specific partners to 
interpret ambiguous or novel words. In a tablet-based game, children heard a speaker 
consistently refer to objects from a category without mentioning the category itself. 
In Study 1, 3- and 4-year-olds interpreted the ambiguous pronoun “it” as referring to 
another member of the same category. In Study 2, only 4-year-olds interpreted the 
pronoun as referring to the implied category when talking to the same speaker but 
not when talking to a new speaker. Thus, children's conception of what constitutes 
common ground in discourse develops substantially between ages 2 and 5.
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explicitly mentioned. In conversation, however, discourse is often 
organized in terms of an overarching topic rather than a specific 
object referent. Furthermore, this topic is not always stated ex-
plicitly but often has to be inferred based on the content of ut-
terances (Clark, 1996). For example, when a child reports from a 
school trip “I saw an elephant, a tiger, a giraffe, and another one 
that was really scary”, the parent can infer that "another one" refers 
to yet another animal. One study comes closer to this conception 
of discourse topic. Akhtar (2002) had children interact with an 
adult who repeatedly drew their attention to either the shape or 
the color of an object. When the adult later used a novel word to 
describe an object, children seemed to infer that the word referred 
to the property (color or shape) that was emphasized during the 
preceding discourse. In that study, children could solve the task 
by keeping track of which part of the objects they were jointly at-
tending to (in the sense of looking at) with the speaker previously. 
Such visual anchoring, however, is not always possible: the topic 
may be absent and/or an abstract entity (such as animals in the 
example above). In such cases, the topic has to be inferred by rea-
soning about how the individual conversational bits relate to one 
another—how they are organized in conceptual terms.

Another neglected aspect of discourse inference, at least in ex-
perimental work, is its social nature. Common ground built up during 
discourse is often partner specific, meaning that it is bound to this 
conversational partner and should not be assumed to be known by 
others. Common ground inferences, therefore, incorporate both 
conversational topic(s), but crucially also social information—the 
participants engaging in the conversation. Children can keep track 
of their conversational partners from a very young age (Bohn et al., 
2018). In one relevant study, Saylor and Ganea (2007) had 14- to 
20-month-old children play ball with two different experimenters. 
Depending on who later asked for “the ball”, children retrieved the 
object that featured in their previous play with that person. From 
3 years onwards, children use partner-specific referential expres-
sions (referential pacts), both with adults and peers (Köymen et al., 
2014; Matthews et al., 2010). Interestingly, speaker identity influ-
ences children's interpretation of ambiguous utterances at an early 
point in language processing (Khu et al., 2020; San Juan et al., 2015). 
However, these social inferences based on the identity of the con-
versational partners have rarely been studied in conjunction with 
discourse inferences. Thus, it is unclear whether children's discourse 
inferences involve social reasoning at all.

In the present set of studies, we investigated the impact of part-
ner-specific discourse topics on ambiguous pronoun resolution in 
2- to 5-year-old children. First, we examine how children interpret 
ambiguous utterances in light of an overarching topic that guides 
conversation, but was never explicitly mentioned (and must be in-
ferred in context). Second, we examine how their interpretation 
changes depending on the common ground shared with specific 
partners. In this way, we fill the gap between discourse topic infer-
ences and partner-specific reasoning.

Our studies are presented as simple, storybook-like tablet 
games. In Study 1, children interacted with a speaker who repeatedly 

mentioned objects from a particular category (e.g., horse and dog 
from the category animals). At a later time in the discourse, the 
speaker used the ambiguous pronoun it in the context of three new 
objects—one object from the category mentioned earlier (e.g., a cat) 
and two other objects (e.g., a hat and a train). Thus, we operational-
ized the topic as the category label—or the subordinate concept—be-
cause children are aware of object categories starting from infancy 
(Bornstein & Arterberry, 2010; Mareschal et al., 2003). We found 
that children from age 3 onwards reliably interpret the ambiguous 
pronoun as referring to the object from the same category.

In Study 2, we tested whether these judgments were specific 
to particular speakers. Children heard one speaker talk about ob-
jects from a particular category. Then, either the same or a differ-
ent speaker used the ambiguous pronoun. We found that children 
adjusted their inference to the identity of the speaker from age 4 
onwards.

2  |  STUDY 1

All experimental procedures, sample sizes, and statistical analysis 
were pre-registered (see https://osf.io/9ypxn and https://osf.io/
fyaxq). All deviations from the pre-registration are explicitly men-
tioned. The experimental material can be found in the associated 
online repository at https://github.com/manue lbohn/ disCon.

2.1  |  Methods

2.1.1  |  Participants

Our final sample included data from 71 children, including 30 two-
year-olds (M = 2.63, range = 2.00–2.98, 14 girls), 21 three-year-
olds (M = 3.56, range = 3.13–3.97, 9 girls), and 20 four-year-olds 
(M = 4.50, range = 4.00–4.97, 9 girls). We tested a larger sample of 
2-year-olds because we expected a weaker effect in this age group. 
In addition, 28 children were recruited but not included because 
they were reported to have less than 75% of English exposure at 
home (12 children); did not finish the task (10 children); were correct 

Research Highlights

• Conversational topics are used to organize discourse 
with specific partners.

• Children make inferences about conversational topics 
from 3 years onwards.

• From 4 years onwards, children see conversational top-
ics as speaker specific.

• Discourse can structure communicative interactions 
and thereby help children to resolve ambiguity and learn 
language.

https://osf.io/9ypxn
https://osf.io/fyaxq
https://osf.io/fyaxq
https://github.com/manuelbohn/disCon
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on less than 5/6 training rounds (3 children, see below); or equip-
ment failed (3 children). All children were recruited from the floor 
of a Children's museum in San José, California, USA. The population 
from which this sample is drawn is characterized by diverse eth-
nic backgrounds (predominantly, White, Asian, or mixed ethnicity) 
and relatively high levels of parental education and socioeconomic 
status. Parents consented to their children's participation and 
provided demographic information. Data were collected between 
January and September 2019. All experiments were approved by 
the Stanford Institutional Review Board (protocol no. 19960).

2.1.2  |  Materials

Study materials were presented as a picture book on a tablet com-
puter (Frank et al., 2016). Children responded by touching objects on 
the screen. Responses were automatically saved. We selected four 
categories of objects: animals, vehicles, clothes, and fruits. For each 
category, we chose pictures for seven different objects from that 
category (e.g., for vehicles: car, truck, train, bus, airplane, boat, and 
motorbike). The right panel of Figure 1 shows all pictures used in 
the study grouped by category (see Supporting Informationfor a list 
of the corresponding words). All utterances made by the different 
speaker animals were pre-recorded from native English speakers, 
with one speaker per animal.

2.1.3  |  Procedure

The experimenter introduced the study as a visit to the house of 
the little animals, during which the animals would show the child 
the things they have at home. On each trial, children saw one ani-
mal (the speaker) in the middle of the screen with three objects 
above them (Figure 1, left). Each of the objects belonged to a dif-
ferent category. Trials started with six training rounds, in which 

the speaker named one of the three objects displayed above them 
and asked the child to touch it (“Look at that, can you touch the 
X?”). From one round to the next, the pictures changed but the 
three categories remained the same and the speaker consistently 
asked the child to touch the object from one category. For exam-
ple, on the first training round, children saw a skirt, a horse, and 
a motorcycle and the speaker asked “Can you touch the motorcy-
cle?” On the second training round, children saw a jacket, a dog, 
and a bus and the speaker asked “Can you touch the bus?” After 
the six training rounds, children moved to the test and saw a new 
set of three (e.g., a hat, a cat, and a train). However, instead of 
using a label, the speaker used an ambiguous pronoun to refer to 
one of the objects (“Look at that, can you touch it”). Children could 
identify the referent of the pronoun by assuming that the speaker 
continues to talk about objects from the same category as they did 
previously (vehicles in the example above). However, in order to 
do so, children had to infer the category by which all of the previ-
ous objects the speaker mentioned were grouped.

Children received four sets of trials (six training rounds and one 
test trial) with a different category as the target on each one. The 
categories, the order of the objects within each category, and the 
position of the target object (left, right, middle) were randomized 
across children.

2.2  |  Results

The dependent variable in all analyses was whether the object 
chosen at test was from the same category as the objects named 
throughout the training trials. All analyses were computed in R (R 
Core Team, 2018). As a first step, we aggregated responses across 
test trials for each child and compared the proportion of correct re-
sponses to a level expected by chance (33% correct) within each age 
bin (2- , 3- and 4-year-olds). We used the function ttestBF from 
the R-package BayesFactor (Morey & Rouder, 2018) to compute 

F I G U R E  1 Left:	Screenshot	from	the	experimental	setup.	Right:	Stimuli	pictures	for	the	four	categories:	fruits,	vehicles,	clothes,	and	
mammals
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a Bayes factor (BF) in favor of the hypothesis that performance 
was above chance (0.33 correct). Figure 2a shows the correspond-
ing posterior distribution for each age bin. We found little evidence 
that 2-year-olds performed above chance (mean proportion cor-
rect = 0.42, BF10 = 0.59) but found substantial evidence for 3-year-
olds (mean proportion correct = 0.60, BF10 = 90.77) and 4-year-olds 
(mean proportion correct = 0.55, BF10 = 10.39). This result is ro-
bust to changes in the prior on the standardized effect size (see 
Supporting Information for details).

To analyze the trial-by-trial data continuously across age, 
we used logistic Bayesian generalized linear mixed models 
(GLMM) fit via the function brm from the R-package brms 
(Bürkner, 2017). All models had default priors and included ran-
dom effects for participant and category, with random slopes 
for age. Inference was based on comparing models that dif-
fered in whether they included the key predictor of interest. 
For Study 1, the key predictor was age. Following McElreath 
(2016), we compared models using WAIC (widely applicable in-
formation criterion) scores and weights. The WAIC score is an 
indicator of the model's predictive accuracy for out of sample 
data; models with lower scores are preferred. WAIC weights 
are an estimate of the probability that this model (compared to 
all other models considered) will make the best predictions on 
new data. In addition, we inspected the posterior distribution 

for the key parameters in the model via its mean and 95% cred-
ible interval (CI).

The model comparison favored the model including age as a 
predictor (Table 1). The mean model estimate for age was positive 
(�	 =	 0.34,	 95%	CI	 =	 −0.54	 −	 1.27),	 suggesting	 an	 increase	 in	 per-
formance with age (see Figure 2b). However, the small difference in 
model weights and the fact that the 95% CI for the model estimate 
also overlapped with zero speak against substantial developmental 
gains in the age range considered.

2.3  |  Discussion

This study presents evidence consistent with the idea that at least 
around age 3, children make inferences about conversational top-
ics. Based on hearing a speaker consistently refer to objects from 
a certain category, children interpreted the ambiguous pronoun it 
as referring to an object of the same category. This suggests that 
children track common ground with a speaker not just in terms 
of remembering what has been talked about previously, but also 
in the form of an overarching topic that guides the conversation 
and allows predictions about what will be talked about in the fu-
ture. In the Supporting Information, we report an experiment that 
shows that adults make the same inference in a similar setup.

In a follow-up study, we tested whether the number of training 
trials affected children's ability to make the inference. We contrasted 
one training trial with six training trials. The results suggest that fewer 
training trials do not necessarily mean worse performance. However, 
the data were not conclusive and we therefore present the procedure 
and the analyses of this study in the Supporting Information.

We also conducted an exploratory analysis (not pre-reg-
istered) to investigate whether the inference varied with the 

F I G U R E  2 (a)	Posterior	probability	distribution	for	the	mean	for	each	age	bin	based	on	one	sample	Bayesian	t-test.	Grey	regions	indicate	
95% credible intervals for each age group. (b) Correct responses for age continuously. Transparent dots show data aggregated for each 
individual participant. Red crosses show mean within age bin with 95% confidence intervals based on non-parametric bootstrap of the data. 
Black line shows the mean of the posterior distribution of the model including age. Grey lines show 1,000 random draws from the model 
posterior to depict uncertainty in the model. Dotted line indicates a level of performance expected by chance

TA B L E  1 Model	comparison	for	Experiment	1

Predictors WAIC SE Weight

Age 381.75 9.47 0.57

Intercept only 382.34 9.06 0.43

Note: All models included random intercepts for participant and 
category and random slopes for age within category.
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category that had to be inferred. Results point to differences 
between categories in that, for example, children across the en-
tire age range were more likely to be correct when fruit is the 
target category compared to clothes. Details of this analysis are 
presented in the Supporting Information. We return to this point 
in the general discussion. In the next study, we continued with 
the same number of training trials and categories and focused on 
whether the inference found in Study 1 is partner specific.

3  |  STUDY 2

Children carried out the same task as in Study 1. However, in half 
of the trials it was the same speaker who produced the ambiguous 
pronoun (“Can you touch it?”) as the speaker who presented the 
training trials and in the other half of the test trials, it was a new 
speaker. Because we found limited evidence that 2-year-olds make 
category-based discourse inferences in Study 1, we only tested 3- 
and 4-year-olds in Study 2. The pre-registration for this study can be 
found at https://osf.io/5e9pk; study materials are in the associated 
online repository.

3.1  |  Methods

3.1.1  |  Participants

Sixty children, including 30 three-year-olds (M = 3.48, range = 3.00–
3.98, 16 girls) and 30 four-year-olds (M = 4.34, range = 4.00–4.89, 
12 girls) participated in this study. In addition, eight children were 
tested but not included because they had less than 75% English ex-
posure at home (4 children); did not finish the task (2 children); the 
equipment failed (2 children). Data were collected in August and 
September of 2019. For details on population characteristics and 
ethical approval, see Study 1.

3.1.2  |  Materials

Study materials were the same as in Study 1.

3.1.3  |  Procedure

The general procedure was the same as in Study 1 except for the fol-
lowing changes: The speakers were introduced as showing children 
their favorite things (in contrast to Study 1, where it was things they 
have at home). We included this to focus children's attention on the in-
dividual speakers. Conversely, when making a request, speakers said: “I 
like that. Can you touch [object/it]”. The speaker change manipulation 
was implemented in the following way: After the six training rounds, 
the speaker announced that they had to leave and left the scene by 
walking off the left edge of the screen. After a short pause, either the 

same or a different speaker returned to the scene, positioned them-
selves in the middle, and made a request using the ambiguous pro-
noun. If the same speaker returned, they entered from the same side as 
they left; if a new speaker appeared, they entered from the other side. 
This measure served to emphasize that the different speaker was new 
to the scene and therefore unfamiliar with the preceding discourse. 
If the speaker was the same as during the training rounds, children 
could infer the referent of the pronoun in the same way as in Study 1. 
However, if the speaker changed, no such inference was licensed - if 
children assumed that the discourse topic is specific to a speaker.

Selection and positioning of objects and categories was random-
ized in the same way as in Study 1. Each child received four test 
trials, two with the same and two with a different speaker returning, 
in an order randomized for each child.

3.2  |  Results

We tested the effect of speaker change on children's discourse infer-
ences via a model comparison. We compared a base model including 

TA B L E  2 Model comparison for Experiment 2

Predictors WAIC SE Weight

Age × condition 334.47 9.41 0.62

Age + condition 336.69 8.16 0.20

Age 337.00 7.42 0.18

Note: All models included random intercepts for participant and speaker 
with random slopes for condition within participant and condition and 
age within category.

F I G U R E  3 Correct	responses	in	Study	2	by	age	and	condition.	
Transparent dots show aggregated data from individual 
participants. Blue and red crosses show data mean for by-year 
age bins with 95% confidence interval based on non-parametric 
bootstrap. Colored lines show the mean of the posterior 
distribution for each condition based on the interaction model. 
Lighter lines show 1,000 random draws per condition from the 
model posterior to depict uncertainty. Dotted line indicates a level 
of performance expected by chance

https://osf.io/5e9pk
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only age as a fixed effect to models including speaker type, either 
as a main effect or as an interaction with age. Models were fitted 
and compared in the same way as in Study 1. Models now also in-
cluded random slopes for condition. The model comparison clearly 
favored the interaction model (Table 2). The interaction model was 
three times more likely than the other models considered to make 
better predictions on new data. The interaction term in the model 
itself was large, positive, and reliably different from zero (� = 1.55, 
95%	CI	=	0.23	−	2.95).	Figure	3	visualizes	the	data	and	the	interac-
tion model—it shows that while younger children did not take into 
account speaker identity, older children (starting at around age 4) 
only interpreted the ambiguous pronoun in light of the previous dis-
course topic when the speaker remained the same.

3.3  |  Discussion

In Study 2, we found evidence that children from 4 years onward 
assume that a conversational topic is specific to the identity of the 
speaker. When one speaker repeatedly referred to objects from the 
same category, they expected the same speaker, but not a different 
one, to continue communicating about the same category. Three-
year-olds, on the other hand, did not take into account speaker 
identity.

4  |  GENER AL DISCUSSION

We studied how children use conversational topics with specific 
partners to interpret ambiguous pronouns. Our results suggest that, 
by age 3, children can identify the referent of an ambiguous pro-
noun by inferring the topic of a conversation based on preceding 
discourse. Moreover, starting around age 4, children also associ-
ated this inference with specific partners. These findings illustrate 
how children can leverage the structure of the social interactions in 
which conversations take place to disambiguate utterances.

Our findings speak to preschoolers’ ability to reason about con-
versational topics. Around age 3, children highlight the relevance of 
their utterance to the prior discourse by adjusting the informative-
ness of their referring expressions. For example, in English, children 
use a pronoun instead of a noun phrase to mark the topic (Matthews 
et al., 2006; see also Chen, 2011, De Cat, 2009; Kurumada, 2009, 
for cross-linguistic evidence). However, these studies do not neces-
sarily show whether children consider the partner-specificity aspect 
of topic marking: topic marking is necessary with the conversational 
partners who are familiar with the topic, but not with new conversa-
tional partners who do not share this common ground. In fact, it has 
been shown that when children interact with a new partner, who is 
unaware of the topic, their referring expressions oftentimes do not 
change (Bannard et al., 2017). Thus, our findings expand these and 
suggest that young children not only track the topic of a conversa-
tion but also pay attention to with whom they share this common 
ground.

We did not find substantial evidence in Study 1 that children 
under the age of 3 are reliably able to infer the topic under discus-
sion and use it to resolve ambiguity. However, we suspect that this 
result is not due to a lack of inferential abilities; instead, we suspect 
that it follows from difficulties with processing the information the 
inference was based on. In an exploratory analysis, we compared 
children's performance in the different categories (see Supporting 
Information). We found that children across the entire age range 
were more likely to make the inference when fruit was the target cat-
egory compared to when it was clothes. Animals and vehicles resulted 
in intermediate levels of performance. On the one hand, younger 
children might not conceptualize, for example, clothes as a cohesive 
category. On the other hand, the individual objects in some catego-
ries might be less familiar to children and provide limited evidence 
for the category itself. From a developmental perspective, this pat-
tern suggests that the main loci of change are children's vocabulary 
and their conceptual abilities, rather than their understanding of 
conversational topics. Of course, the exploratory nature of these 
results needs confirmation in future studies.

Study 2 showed more pronounced developmental effects. While 
3-year-olds tended to choose the object from the same category 
for both speakers (see Figure 3), 4-year-olds only did so when the 
speaker was the same. This lack of sensitivity to speaker identity 
seems to conflict with earlier work which found speaker-specific 
communicative adjustment in younger children (Bohn et al., 2018; 
Saylor & Ganea, 2007). However, in these studies, speakers only 
communicated about specific objects that were communicated 
about before. Children could identify the referent by remembering 
which speaker had communicated about which object. In our study, 
the objects at test had never been mentioned before. The connec-
tion to the prior discourse only lay in the relation of the objects to 
the topic under discussion. Thus, children not only needed to track 
what objects had been talked about but also had to infer that talking 
about these objects is a product of the particular speaker intending 
to talk about a specific topic.

Our setup provides a method to study the interplay between 
linguistic knowledge (necessary to make inferences about catego-
ries), conceptual knowledge (necessary to make inferences about 
additional category members), and social cognition (necessary to 
determine whether inferences are licensed). This interplay opens up 
questions about the processes involved in balancing and integrating 
these different information sources. Computational models provide 
a productive way to formalize theories of how information may be 
integrated. For example, Bohn et al. (2019) used a Bayesian model 
of pragmatic reasoning (Frank & Goodman, 2012) to formalize and 
predict the process by which children integrate information from 
common ground with information that is provided by an utterance 
in the moment. Such integration mechanisms could in principle be 
extended to make use of discourse topics as well (Luong et al., 2013; 
Rohde & Frank, 2014).

An open question is how these results generalize outside the 
scope of the present context with data collected using tablet comput-
ers in a western, affluent study population. Regarding the first point, 
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Frank et al. (2016) found similar results when children were tested in 
word-recognition and word-learning tasks either on a tablet or in a 
live interaction. Thus, we do not expect that the tablet format specifi-
cally should compromise the validity of the paradigm, but further work 
will be necessary to confirm that experimental findings apply to nat-
uralistic conversational interactions. Regarding the second point, the 
cross-cultural generalizability of experimental pragmatics of the type 
we studied here is an open challenge for future research. While some 
semantic/pragmatic phenomena do appear to be general (Katsos et al., 
2016), there are relatively few cross-cultural developmental studies 
on inference specifically, with some finding similar (Su, 2013; Su & Su, 
2015; Zhao et al., 2019) and others different (Fortier et al., 2018) tra-
jectories compared to western settings.

Taken together, the studies reported here illustrate the devel-
opment of children's ability to balance different layers of discourse. 
Thinking of discourse as organized by overarching topics allows lis-
teners to predict what will be talked about next and, assuming that 
these predictions hold, increases the likelihood of successful com-
prehension. But discourse is also a form of social interaction and 
requires making inferences about the common ground shared be-
tween specific conversational partners. Here, we show that children 
can use these processes to identify the referent of an ambiguous 
utterance. Because referent identification is a first step in language 
learning, we expect the same processes to also be recruited for lan-
guage learning.
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