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REGULAR ARTICLE

The early ontogeny of expectations about communicative informativeness: from 
infants’ exemplar frequency tracking to preschoolers’ pragmatic inference
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ABSTRACT  
This article investigates the early development of informativeness expectations in communication. 
We tested three- to five-year-olds (n = 73) and 18-month-olds (n = 96) in a label learning paradigm, 
pitting expectations of informativeness against the tracking of the frequency of possible referents. 
During a label-learning phase, a speaker uttered a novel label while pointing (Studies 1–2) or 
looking (Study 3) ambiguously toward two types of unfamiliar objects: one unique object and 
an array of several identical objects. Preschoolers paired the novel label with the unique object, 
an inference consistent with expectations of the speaker’s informativeness. Conversely, infants 
paired the novel label with the object type found in several exemplars, a pattern consistent 
with disambiguating unfamiliar labels by linking them to more frequent possible referents. 
Additional conditions demonstrate that infants rely on the frequency of potential referents from 
the speaker’s viewpoint rather than from their own egocentric viewpoint.
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1. Introduction

Infants learn labels very early in life (Bergelson & Swing
ley, 2012, 2015; Oviatt, 1980; Tincoff & Jusczyk, 1999; 
Werker et al., 1998; Werker & Yeung, 2005; Woodward 
et al., 1994). Their proficiency in this domain is remark
able, because any given label has an infinite number 
of potential referents. To adapt a classic example 
(Quine, 1960), imagine a learner who hears someone 
shouting “Gavagai” while pointing at a rabbit that is 
running away. From the learner’s viewpoint, this label 
could refer to the rabbit itself, its tail, the colour of its 
fur, the reason the rabbit is running, and so on. Thus, dis
covering the referents of labels requires learners to use 
efficient strategies to navigate large hypothesis spaces. 
One of these strategies consists in drawing contextually 
guided inferences about what speakers intend to com
municate – i.e. pragmatic inferences (Frank & 
Goodman, 2014; Goodman & Frank, 2016; Grice, 1989; 
Sperber & Wilson, 1986). Such pragmatic inferences 
guide label learning from a very early age. For instance, 
by toddlerhood, children infer that a speaker expressing 
excitement while using a novel label refer to a new 
object, not a pre-exposed one (e.g. Akhtar & Montague, 
1999; Bleijlevens et al., 2023, 2025; Bohn et al., 2021). 
Moreover, children no longer draw these inferences if 

the speaker has not already encountered the pre- 
exposed object, indicating that consider her perspective 
into their reasoning (Bleijlevens et al., 2023).

Another strategy involves monitoring statistical regu
larities in the occurrence of labels and potential refer
ents. For instance, the more often a label and a 
potential referent co-occur, the more likely the label 
refers to that entity (Fazly et al., 2010; Siskind, 1996; Yu 
& Smith, 2007). Most of the time, pragmatic inferences, 
and monitoring statistical regularities complement one 
another, and learners likely use both. However, in 
some cases, learning strategies conflict, and the ques
tion of resolving this conflict arises. Here, we investigate 
how these two types of strategies interact during early 
development, focusing on learners’ sensitivity to speak
ers’ informativeness.

1.1. Pragmatic inferences

One way to take advantage of contextual information to 
disambiguate a novel label consists in relying on expec
tations about the intentions of communicative agents 
and the properties of communicated information. 
Expectations of communicative informativeness are 
often postulated to play a central role in this process. 
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Indeed, several theories suggest that listeners expect 
speakers to be appropriately informative, e.g. to aim at 
reducing listeners’ uncertainty over a set of relevant 
hypotheses (Frank & Goodman, 2014). This expectation 
is phrased in Grice’s first quantity maxim, which 
enjoins speakers to make their contribution “as informa
tive as is required (for the current purpose of the 
exchange)” (Grice, 1989). Similarly, expectations of infor
mativeness play a central role in Rational Speech Act 
theory, which also provides a computational framework 
for quantifying expectations of informativeness (Frank et 
al., 2016; Goodman & Frank, 2016; Goodman & Stuhlmül
ler, 2013; Kao et al., 2014). Other accounts, such as rel
evance theory, imply that speakers should be 
appropriately informative – although in this framework, 
informativeness is a by-product of a more general ten
dency to be relevant (Sperber & Wilson, 1986; Wilson & 
Carston, 2007; Wilson & Sperber, 2012). In short, 
despite their differences, a substantial set of pragmatic 
theories posit that listeners expect speakers to be appro
priately informative and use this expectation to infer the 
meaning of utterances.

Humans’ sensitivity to communicative informative
ness develops early. It significantly influences how chil
dren convey, interpret, and evaluate communicated 
information (Davies & Katsos, 2010; Eskritt et al., 2008; 
Gweon et al., 2018; Gweon & Asaba, 2018; Katsos & 
Bishop, 2011; Morisseau et al., 2013). On the production 
side, informativeness shapes what children choose to 
communicate. By three years of age, children are more 
likely to communicate unexpected, informative features 
than expected ones when describing pictures, and they 
balance informativeness with ease of production 
(Bannard et al., 2017). Informativeness also shapes 
young children’s choice of communicative means. By 
2.5 years, children adapt their gestures and speech to 
clarify their intended meaning for listeners (Abbot- 
Smith et al., 2016; Grigoroglou & Papafragou, 2019; 
O’neill & Topolovec, 2001).

On the reception side, children are guided by informa
tiveness in their interpretation of communication by tod
dlerhood. Two-year-olds are reluctant to learn the 
meaning of a novel communicative cue when it is insuffi
ciently informative (Aguirre et al., 2023, Study 2). Moreover, 
when encountering novel ambiguous cues, 2-year-olds 
choose interpretations that optimise information gain, 
i.e. that effectively reduce their uncertainty over relevant 
hypotheses (Aguirre et al., 2023, Study 3). In short, by late 
toddlerhood, children aim for conveying new information, 
they choose communication means to avoid ambiguity 
and favour informative interpretations of novel cues.

Early developing expectations about communicative 
informativeness support learners’ discovery of novel 

labels’ referents by preschool age (Bohn et al., 2021; 
Frank & Goodman, 2014; Trice et al., 2025). For 
example, in Frank and Goodman (2014) preschoolers 
saw two dinosaurs, both of which wore a bandanna, 
but only one wore a headband. A speaker signalled 
that she talked about the latter while calling it “a dino
saur with a dax”. In principle, the novel label “dax” 
could refer to the dinosaur’s headband or bandanna. 
However, using the label “dax” to refer to the bandanna 
was not informative enough to pick out the dinosaur 
with the headband (since both dinosaurs wore a ban
danna). Conversely, given the context, referring to the 
headband was an efficient way to specifically target 
the dinosaur that the speaker was talking about. Thus, 
by applying an expectation of informativeness, learners 
could infer that the new label referred to the headband, 
the object uniquely present in this scene. In Frank and 
Goodman (2014), children demonstrated this ability by 
three years of age, linking the novel label to the object 
uniquely present in the scene. Other studies by Horowitz 
and Frank (2016) showed that preschoolers can infer 
properties based on the speaker’s production choices 
(e.g. saying “small zib” implies that zibs are usually 
bigger than this one). Recent studies have also high
lighted the capacity of preschoolers and adults to 
combine common ground information with expec
tations about speaker informativity when learning a 
new word (Bohn et al., 2022). Thus, expectations of infor
mativeness shape preschoolers’ learning of novel labels.

The present work focuses on the early development 
of this ability, during infancy. On the one hand, expec
tations of informativeness may be developmentally con
tinuous – thus guiding label learning in infants – as 
suggested by toddlers’ early sensitivity to informative
ness (Aguirre et al., 2023; Bannard et al., 2017). On the 
other hand, infants may have difficulties using expec
tations of informativeness to disambiguate novel 
labels’ meanings. As we will argue, this could be the 
case if infants process contextual information through 
mechanisms other than expectations of informativeness, 
such as their sensitivity to statistical properties of events 
and scenes.

1.2. Relying on statistical properties of scenes 
and events

In addition to pragmatic inferences, learners can also 
take advantage of contextual information by building 
on statistical properties of scenes and labelling events. 
Many mechanisms may support this type of learning, 
such as cross-situational statistical learning (e.g. Fazly 
et al., 2010; Ramscar et al., 2013; Siskind, 1996; Yu & 
Smith, 2007) or various types of hypothesis testing 
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(e.g. Berens et al., 2018; Medina et al., 2011; Trueswell et 
al., 2013; Woodard et al., 2016).

For instance, a sizeable set of studies provides evi
dence of infants’ sensitivity to the co-presence of 
labels and potential referents. It shows that adults and 
children are capable of rapidly learning several label- 
referent pairs based on multiple and individually ambig
uous label-scene pairings (Akhtar & Montague, 1999; 
Smith et al., 2014; Smith & Yu, 2008; Suanda et al., 
2014; Vlach & Johnson, 2013; Vouloumanos & Werker, 
2009; Yu & Smith, 2007). For instance, Smith and Yu 
(2008) used a preferential looking paradigm to 
examine cross-situational word learning in 12- and 14- 
month-olds. Infants were presented on each trial with 
two unfamiliar pseudo-words (e.g. “bosa” and 
“gasser”) and two potential referents (e.g. two 
different unfamiliar shapes) without any information 
about which label went with which referent in a given 
trial. Although label word-referent pairings were ambig
uous within individual trials, there were regularities in 
the association between labels and shapes across trials 
(e.g. a star shape was always present on the screen 
when the label “bosa” was uttered). During this study, 
infants learned to look significantly longer at the shape 
that co-occurred more often with a given label. This 
study suggests that word learning in infants is 
influenced by regularities in the co-occurrence 
between objects and labels. Additional studies show 
that statistical aggregation might influence label learn
ing, even in more naturalistic contexts (Raz et al., 2019; 
Yurovsky et al., 2013; Zhang et al., 2020; Zhang & Yu, 
2016). In short, several processes might support word 
learning by building on statistical regularities between 
the occurrence of a label and its potential referents. 
Such sensitivity to statistical regularities when learning 
the meanings of novel words emerges in early infancy.

Many classic studies have examined how infants 
associate labels with objects based on temporal co- 
occurrence (for a review, see Smith et al., 2014; Zhang 
et al., 2019). These studies typically manipulate how 
often a label is uttered in simplified scenes, with one 
exemplar per object category. For instance, in the 
study by Smith and Yu (2008) described above, only 
one exemplar of each unfamiliar shape was shown to 
infants when labels were uttered. This methodological 
choice effectively isolates the effect of label-object tem
poral co-occurrence without burdening infants with 
unnecessarily complex stimuli. However, it leaves many 
important questions unaddressed.

In real-world scenarios, the number of items belong
ing to a specific category varies across labelling events. 
Plainly put, when speakers utter “fork” or “bread”, 
there is not always just one fork or one piece of bread 

around. Instead, forks are abundant in kitchens, less so 
in bathrooms, bread is abundant in bakeries, but rare 
at clothing stores. Such differences in the frequency of 
co-present category exemplars are likely to impact 
lexical acquisition. For instance, consider a scenario in 
which a learner encounters a new label that could 
refer to two types of unfamiliar objects, with one type 
significantly outnumbering the other. If the learner has 
an equal chance of linking the label with any individual 
object, they will be more likely to link it to the more 
prevalent object type. Such a strategy would not be 
entirely irrational. The presence of many exemplars of 
a category might make speakers likely to refer to it. 
People are likely to talk about forks in kitchens, and 
about bread in bakeries, less so while in bathrooms or 
clothing stores. Importantly, while exemplar frequency 
might influence lexical acquisition, its effect on infants’ 
label learning has not been empirically tested – an 
issue that we address in our studies.

1.3. Dealing with conflicts between pragmatic 
inferences and statistical regularities

It seems plausible that young children use a variety of 
strategies to discover the meanings of labels, including 
pragmatic inferences and tracking statistical regularities. 
However, these different strategies sometimes yield 
conflicting results. This type of conflict manifests in infer
ences guided by informativeness expectations. For 
instance, in the study by Frank and Goodman (2014) dis
cussed above, when a learner hears “dax” while looking 
at one dinosaur with a bandana and another dinosaur 
with both a headband and a bandana, there are more 
bandanas than headbands. In this case, a strategy 
based on exemplar frequency suggests that the novel 
label is more likely to refer to the more frequent item 
– thus, to bandanas rather than to headbands. As we 
have seen, pragmatic inferences suggest the opposite, 
through the assumption that the speaker communicates 
in a way that allows the listener to uniquely identify the 
label’s referent. In such situations, children favour prag
matic inferences by two years of age (Aguirre et al., 2023; 
Frank & Goodman, 2014).

By contrast, very little is known about infants’ 
capacity to address this challenge, an issue that we 
explore in our studies. We aimed to distinguish two pos
sibilities. According to the first hypothesis – that we 
favoured – infants might rely on expectations of infor
mativeness when learning novel labels, rather than 
relying on exemplar frequency tracking. Alternatively, 
infants might rely heavily on exemplar frequency track
ing when processing novel labels, leading to inferences 
markedly distinct from those of older children and 
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adults. Confirming the first hypothesis would demon
strate early pragmatic reasoning in infancy, while vali
dating the second would reveal a striking 
developmental discontinuity in children’s communica
tive development.

Study 1 served to validate our material with pre
schoolers, by providing a conceptual replication of 
past results (Aguirre et al., 2023; Bohn et al., 2022; 
Frank & Goodman, 2014). Studies 2–3 tested 18- 
month-old infants with the materials validated in Study 
1. In addition, we assessed whether infants’ and chil
dren’s strategies were influenced by what was visible 
from the speaker’s viewpoint.

1.4. Operationalisation principle

We tested how children handle conflicts between prag
matic inferences and exemplar frequency tracking in the 
“visible condition” of our studies. We familiarised the 
participants with videos in which an adult used a 
novel label while ambiguously pointing or looking 
towards a row of six unfamiliar objects. One object (hen
ceforth referred to as the unique object) differed from 
the others. The other five unfamiliar objects were identi
cal (henceforth referred to as the frequent objects). The 
speaker pointed (Studies 1 and 2) or looked (Study 3) 
ambiguously between the unique object and one of 
the frequent objects and uttered a novel label. The ambi
guity of the speaker’s pointing, or gaze could be 
resolved by assuming that she was informative enough 
to allow her audience to identify what she referred to. 
Indeed, if the speaker had wanted to convey information 
about one of the frequent objects, she could have 
pointed or looked towards one of the frequent objects 
further away from the unique object. Consequently, 
expectations of informativeness should lead participants 
to assume that the speaker refers to the unique object.

In contrast, relying on exemplar frequency should lead 
to the conclusion that the novel label refers to the most 
frequent object type. This might happen, for instance, if 
children assume that the speaker is equally likely to 
refer to any of the objects in the scene. In this case, chil
dren should estimate that the label has a higher prob
ability of referring to the frequent object type rather 
than to the unique object (since there are one unique 
object and five frequent ones in the scene, punique = 1/6 
vs. pfrequent object = 5/6, see Figure 1, Panel A). Thus, prag
matic processes based on expectations of informative
ness and reliance on exemplar frequency tracking 
conflict in the visible condition of our experiments.

Our studies used two types of non-verbal communi
cative cues – communicative gaze (preceded by 
making eye contact with the infant, while raising 

eyebrows) and distant index finger pointing (performed 
without touching objects). These two cues have several 
key features that make them appropriate for the present 
work. First, infants assume that they refer to objects – 
they expect to find objects at locations that have been 
pointed or gazed at (Behne et al., 2005; Csibra & 
Volein, 2008; Mascaro & Kovács, 2022; Okumura et al., 
2013; Pätzold & Liszkowski, 2019). Second, infants use 
pointing and communicative gaze to associate novel 
labels with specific objects (e.g. Paulus & Fikkert, 2014; 
Pomiechowska & Csibra, 2022; Tsuji et al., 2020; Yurovsky 
& Frank, 2017). Third, infants and toddlers tend to 
process distant index finger pointing as relative to 
whole objects – as opposed to parts (Kobayashi et al., 
2022), and as declarative – rather than imperative 
(Esteve-Gibert et al., 2017).

Moreover, we controlled for the effect of object type 
variability in our studies. Variability across exemplars sig
nificantly impacts infants’ category formation, sound- 
object association, and label learning (Hartley & White
ley, 2024; Kovack-Lesh & Oakes, 2007; Oakes & Ribar, 
2005; Price & Sandhofer, 2021; Thom & Sandhofer, 
2009; Twomey et al., 2014; Vukatana et al., 2015). For 
instance, in Twomey et al. (2014), toddlers were more 
likely to retain a label co-occurring with diverse 
looking exemplars of a category than with identical 
ones. To avoid confounds due to object type variability, 
our studies used the same picture to represent each 
instance of the frequent object type – ensuring identical 
variability across object types (unique vs. frequent).

We also used a “hidden condition” to assess whether 
infants’ consider what speakers can see when proces
sing novel labels. This condition builds on the early 
development of human sensitivity to gaze direction in 
the context of word learning (Baldwin, 1991, 1993), 
and on the ability to track what speakers saw to disam
biguate an ambiguous utterance (Bloom, 2002; Bohn & 
Köymen, 2018; Grosse & Tomasello, 2012; Kampa & Papa
fragou, 2020; Khu et al., 2020; Mazzarella & Pouscoulous, 
2021; Nadig & Sedivy, 2002; Nilsen & Graham, 2009; 
Nurmsoo & Bloom, 2008; Papafragou et al., 2017; South
gate et al., 2010). In the hidden condition of our Studies, 
the speaker could only see one exemplar of each of the 
two object types. The other exemplars of the frequent 
object type were hidden from the speaker while remain
ing visible to the participant. If children consider what 
the speaker can see, they should assume that the 
novel label is equally likely to refer to any of the two 
object types in this hidden condition. The hidden con
dition also aimed at controlling for possible visual sal
iency effects, since unique objects among 
homogeneous distractors have a special status in 
visual processing (e.g. Adler & Orprecio, 2006; Pashler 
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& Harris, 2001; Rajsic et al., 2016). In our studies, if partici
pants merely react to the differential saliency of the 
unique and frequent objects, they should behave simi
larly in the visible and hidden conditions.

Across all conditions, we tested participants in a 
lexical decision test, in which they had to identify the 
referent of the novel label. We tested preschoolers 
(Study 1) and 18-month-old infants (Studies 2–3). Data 
and analysis scripts are accessible on an open repository 
(https://osf.io/6qw47/?view_only= 
85ea966b81b845dc990558dbb33c80f6).

1.5. Ethical statement

The research reported in this paper followed the guide
lines of the Declaration of Helsinki and was approved by 

the local board of preschools and an independent ethics 
committee for biomedical research (CPP Sud-Ouest et 
Outremer III, protocol number 2018-A02157-48). The 
parents of all participants provided written informed 
consent prior to their inclusion in the studies.

2. Study 1

2.1. Methods

2.1.1. Participants
We tested 3- to 5-year-old native French speakers from a 
large urban area (Lyon, France). We included as many 
available participants as possible within our age range 
from the preschools participating in the project, result
ing in a total sample size of seventy-nine participants 
randomly assigned to one of two between-subject 

Figure 1. Schematic representation of stimuli across conditions in Studies 1–3. Note: Panel A: Schematic representation of the two 
conditions and stimuli of Studies 1, 2, and 3. Panel B: Picture from the test phase.
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conditions (visible condition: n = 40; Mage = 52 months; 
SD = 7.23 months; age range: 39–65 months; hidden con
dition: n = 39; Mage = 52.4 months; SD = 8.68 months; age 
range: 41–70 months). Two additional participants were 
excluded from the analysis as they refused to speak to 
the experimenter. The participants were recruited via 
an information letter sent through their preschool. A 
sensitivity power analysis performed using G*Power 
(Faul et al., 2007) revealed that the resulting sample 
sizes (n > 38 per group) were sufficient to detect 
effects of medium to large size (>.47) for comparisons 
against chance with a one-sample two-tailed Wilcoxon 
signed-rank test (d = .8, α = .05).

2.1.2. Materials and procedure
Preschoolers were tested in a quiet room. They sat in 
front of the experimenter across a child-sized table. A 
tablet (10.5′′ 25.06 × 17.41 cm) was used to show the 
video stimuli. Before the test phase, the participants 
saw four times a sequence composed of a warm-up 
video followed by a label learning video. Then the par
ticipants were exposed to a test phase.

Warm-up video. This video was the same for all partici
pants, in all conditions. It was used to familiarise the par
ticipants with the label learning situation and with the 
fact that the speaker did not use any determiner while 
referring to the objects in the scene. In the warm-up 
video, an actress named objects placed on a table in 
front of her. First, a red curtain rose to reveal the 
actress, and five objects placed on a table: a ball, a 
shoe, a cat plush toy, a spoon, and an unfamiliar 
object (a green round object with spikes and a black 
sort of handle). The actress greeted the viewer and 
looked at the objects while saying “Hello! Look at all 
these toys!”. Then, she named the objects one by one 
from left to right (from the participant’s viewpoint) 
while pointing at each one: “Ball, shoe, cat, spoon, 
nuve”. We included an unfamiliar object (referred to 
by the pseudo-word “nuve”) to familiarise the partici
pants with the possibility that the actress might use 
novel labels. At the end of the warm-up video, the red 
curtain was lowered to hide the actress, and the 
objects disappeared from the table. After each warm- 
up video, the participants watched a label learning 
video.

Label learning video. At the beginning of all label 
learning videos, the curtain was lowered, thus hiding 
the actress. The next parts of the label learning videos 
differed across conditions. In the visible condition, a 
horizontal row of six unfamiliar objects appeared simul
taneously on the table. Five of the unfamiliar objects 
were visually identical (henceforth referred to as fre
quent objects), while a single distinct object was 

placed at one end of the row (henceforth referred to 
as the unique object). Next, the curtain was raised, 
revealing the actress. She looked toward the objects 
and expressed surprise by raising her eyebrows and 
saying “Oh!” Next, she pointed ambiguously between 
the unique object and one of the frequent objects (see 
Figure 1, Panel A) and uttered a pseudo-word 
“Bamoule!” (this novel label was selected because it 
sounded like a French word, see Havron et al., 2019). 
Next, she continued pointing at the objects while 
looking toward the viewer and repeating “Bamoule!” 
Last, she looked in the direction of her point and 
repeated once more “Bamoule!” (Figure 1, Panel A). At 
the end of the label learning videos, the red curtain 
was lowered to hide the actress, and the objects disap
peared from the table.

In the hidden condition, the label learning videos 
were the same as in the visible condition, except that 
an occluding screen appeared on the table immediately 
before the curtain was raised. Both visible and hidden 
condition were based on the identical video material, 
by superimposing the image of a screen on the video 
for the hidden condition. The occluding screen hid all 
the identical objects from the actress, apart from the 
one located next to the unique object (see Figure 1, 
Panel A). Thus, the actress could see only two objects: 
one of the frequent objects and the unique object. All 
the objects remained visible from the participants’ 
viewpoint.

In both conditions, we used two unfamiliar objects in 
the label learning videos: a green plastic object with four 
legs and a pink silicone oval-shaped object. For half of 
the participants, the green object was frequent, and 
the pink object was unique. For the other half of the par
ticipants, we used the opposite pattern. We also coun
terbalanced across participants the side of the screen 
on which the unique object was located (right vs. left). 
Each participant saw only one specific label learning 
video (shown four times, once per sequence starting 
with a warm-up video, followed a label learning video).

Test phase. After watching four warm-up videos, each 
followed by a label learning video, the participant was 
enrolled in the test phase, which consisted of a two- 
alternative forced-choice (2AFC) task. The test phase 
was identical under all conditions. In each of the test 
trials, the participants saw one exemplar of the frequent 
and unique objects, each on one side of the tablet’s 
screen, on a black background (see Figure 1, Panel B). 
The experimenter invited the participant to point at 
the object referred to as the novel label by asking a 
test question (e.g. “Where is the bamoule?”). The trial 
ended once the participant answered the test question 
(if needed, the experimenter repeated the test question 
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until the participant answered). Next, a subsequent test 
trial was conducted. There were four consecutive test 
trials, resulting in four measurements (one after each 
test question). The test questions differed from trial to 
trial and were as follows: “Can you show me the 
bamoule?” (trials 1 and 3) and “Where is the 
bamoule?” (trials 2 and 4). During the test phase, we 
counterbalanced the side of the screen (right or left) 
on which each of the two unfamiliar objects appeared 
in different position across trials.

2.1.3 Data analysis
For each test trial, we coded whether the participants 
pointed at the picture of the unique object (coded as 1) 
or of the frequent object type (coded as 0). For each par
ticipant, we summed the binary scores from each of the 
four test trials, resulting in a global score ranging from 0 
to 4. The data were coded by the first author. A second 
coder, unaware of the hypotheses of the study, double- 
coded 100% of the videos in each condition. Inter-rater 
agreement was maximal (Cohen’s k = 1, 100% of agree
ment). All the statistical analyses reported in this paper 
were two-tailed, and all frequentist statistics were com
puted using R (v.4.4.2; R Core Team, 2024) on RStudio 
(v.2024.12.0.467; Posit team, 2024) with the following 
packages: dplyr (v.1.1.4; Wickham et al., 2023), ggpubr 
(v.0.6.0; Kassambara, 2023), lme4 (v.1.1-35.5; Bates et al., 
2015), lmerTest (v.3.1-3; Kuznetsova et al., 2017), rcompa
nion (v.2.4.36; Mangiafico, 2024), and zeallot package. In 
all Studies, we assessed the effect of our factors using 
Generalized Linear Mixed Models (GLMMs) or Linear 
Mixed Models (LMM) depending on the nature of our 
data. In all our models, we included the participant’s iden
tity as a random intercept. We assessed effect sizes for Wil
coxon signed-rank tests and Mann Whitney U-tests using 
the “rcompanion” package (Study 1), while effect sizes for 
t-tests (Study 2 and 3) were calculated using core R syntax.

2.2. Results and discussion

We first assessed the effect of age by running GLMMs on 
test score as a binary repeated measure (binomial distri
bution, logit link). We fitted (1) a null model, which 
included subject identity as a random intercept, trials 
(four in total), and age (in months), as fixed effects to 
be controlled. We also fitted (2) a full model, which 
added the fixed effect of condition (visible vs. hidden) 
to the null model. The full model did not provide a sig
nificantly better fit than the null model (χ2(1) = 0.14, p  
= .71, likelihood ratio test). This model did not show a 
main effect of condition (β = .64, SE = 1.70, z-value =  
0.38, p = .71), nor trial (β = −.39, SE = 0.30, z-value =  
−1.28, p = .20). It also revealed no main effect of age 

(β = .059, SE = 0.12, z-value = 0.51, p = .61). Thus, we 
pooled all the participants, irrespective of their age, in 
subsequent analyses.

Next, we compared participants’ global test scores 
(ranging from 0 to 4) to the value predicted by chance 
(2). As Figure 2 shows, in the visible condition, preschoo
lers pointed toward the unique object more often than 
predicted by chance (M = 2.78, Md = 4, SD = 1.70, V =  
537, p = .009, r = .45; Wilcoxon signed-rank test). In con
trast, in the hidden condition, the participants’ level of 
performance did not differ significantly from what was 
predicted by chance (M = 2.31, Md = 4, SD = 1.94, V =  
432, p = .32, r = .17; Wilcoxon signed-rank test).

In the visible condition of Study 1, the actress uttered 
a novel label while performing an ambiguous communi
cative action that could refer to both type of novel 
objects. Crucially, if the speaker had wanted to refer to 
the frequent object type, she could have been more 
informative by using a different gesture, e.g. pointing 
toward one of the frequent objects that were far away 
from the unique object, or swaying the hand over the 
entire set of frequent objects. Thus, if preschoolers 
expected the speaker to be informative, they should 
have assumed that she was referring to the unique 
object. The results for the visible condition confirmed 
this hypothesis and align with previous findings (Bohn 
et al., 2022; Frank & Goodman, 2014). The results for 
the hidden condition indicate that when only two 
alternative objects are visible from the actress’s view
point, preschoolers no longer assume that the speaker 
refers to the unique object. Importantly, since there 
was no significant difference in performance between 
the visible and hidden conditions, our data do not indi
cate whether preschoolers’ sensitivity to informative
ness is influenced by what speakers can see. Study 2 
builds upon Study 1 to test how younger participants 
resolve the conflict between pragmatic processes 
based on an expectation of informativeness and exem
plar frequency tracking. Study 2 uses the same materials 
as Study 1. However, it was adapted to collect looking 
responses, a more suitable measure for infants. We 
chose to test 18-month-olds because by this age 
infants can already use contextual information to ident
ify the referents of labels (Briganti & Cohen, 2011; Wood
ward et al., 1994).

3. Study 2

3.1. Methods

3.1.1. Participants
We tested 18-month-old native French learners recruited 
from two large urban areas (Lyon and Paris, France). The 
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participants were recruited by sending letters to a ran
domly selected sample of children born in the area. 
Forty-eight participants were retained in the analysis 
and randomly assigned to one of two between-subject 
conditions (visible condition: n = 24; Mage = 566 days; 
SD = 10.0 days; age range: 540–580 days; hidden con
dition: n = 24; Mage = 565 days; SD = 8.25 days; age 
range: 549–584 days). Parental reports indicated that 
the percentage of French in the participants’ linguistic 
environment (relative to any other language) was high 
(visible condition: M = 93.2%; SD = 12.1%; hidden con
dition: M = 95.8%; SD = 9.23%). Additional participants 
were excluded from the analysis for the following 
reasons: crying (4), technical failure (5), failure to cali
brate the eye-tracker (6), or incomplete eye-tracking 
data with more than 50% missing data in more than 
two trials (10). Our sample sizes were based on previous 
studies investigating infants’ word learning (de Carvalho 
et al., 2021; Woodward et al., 1994). A sensitivity power 
analysis performed using G*Power (Faul et al., 2007) 
revealed that the resulting sample sizes (n = 24 per 

group) were sufficient to detect medium-to-large-sized 
effects (> .61) when testing comparisons against 
chance with one-sample, two-tailed t-tests (d = .8, α  
= .05).

3.1.2. Materials and procedure
Study 2 followed the same procedure as Study 1, with 
the following exceptions. First, the participants did not 
see the stimuli on a tablet. Instead, the videos were 
shown on an eye-tracking screen (27′′, resolution: 
2560 × 1440 pixels). Infants sat on their parents’ laps in 
a soundproofed booth 60 cm from the eye-tracking 
screen (sampling rate: 60 Hz). We used PsychoPy 
(v.3.0.4; Peirce et al., 2019) for stimulus presentation 
(associated with Python v.2.7) and the Tobii Pro SDK 
package (v.1.7). A five-point calibration adapted from 
the psychopy-tobii controller package was performed 
for each participant before the presentation of the 
experimental stimuli.

Second, in Study 2, the utterances used as prompts 
during the test phase were delivered by a prerecorded 

Figure 2. Proportion of participants selecting the unique object during the test phase by condition (visible vs. hidden). Note: Com
parisons against chance by one-sample Wilcoxon test. **p < .01.
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voice integrated into the video, with the exact timing 
predefined – especially the new-label onset (see Figure 
3). During the alternative-forced-choice test of Study 2, 
we collected data on the participants’ gaze behaviour. 
As in Study 1, the two unfamiliar objects from the pre
ceding label learning video were presented side-by- 
side on a black background – one on the left and the 
other on the right of the screen.

Third, in Study 2, a colourful transition animation was 
played at the centre of the screen before launching each 
video. These transition animations served to ensure that 
infants were focusing on the screen when videos were 
launched. They were played until the participant 
looked at the screen continuously for 500 ms.

3.1.3. Data analysis
Study 2’s data were pre-processed using the eyetrack
ingR package (v.0.2.1; Forbes et al., 2023). For each 
forced-choice trial we measured infants’ responses to 
the unfamiliar label over a time window classically 
used in two-alternative forced-choice tasks, from 
367 ms to 2000ms after the onset of the novel label 
(“Bamoule”). Gaze behaviour occurring outside this 
time window are typically assumed to be unrelated to 
target label processing (Swingley, 2007; Swingley & 
Aslin, 2000).

To analyse the eye-tracking data, we divided the 
screen through its centre, along a vertical axis, into 
two areas of equal size (i.e. the left and right halves of 
the screen). For each participant, we computed the pro
portion of looks toward the unique object for each 
20 ms time bin by summing the time spent looking at 
the side of the unique object and dividing it by the 
total time spent looking at the entire screen over that 
time bin. Next, for each participant, and each trial, we 
averaged these proportions for each time bin, and 
then across all time bins. We also aggregated looking 
proportion of the four trials per subject. We excluded 
the data from forced-choice trials where more than 
50% of the data was missing during the measurement 
time-window (5 trials out of 192: 2 in the visible con
dition and 3 in the hidden condition). After exclusions, 
each participant contributed an average of 3.92 (SD =  
0.28) out of 4 forced-choice trials in the visible condition 
and 3.88 (SD = 0.34) out of 4 forced-choice trials in the 
hidden condition. To compare average looking pro
portions to chance level, we used data averaged across 
trials. The normality of the response variable and 
residuals was assessed using Q-Q plots and Shapiro– 
Wilk tests. Both visual inspection and statistical results 
indicated no substantial deviations from normality (all 
ps > .05), supporting the use of linear mixed models 
(LMMs) and subsequent parametric t-tests.

3.2. Results

First, we assessed the effect of our factors by running 
LMMs on the participants’ mean proportion of looks 
toward the unique object during forced-choice trials. 
We fitted (1) a null model, which included subject iden
tity as a random intercept, the percentage of French 
language in the child’s environment, trials and age (in 
days), as fixed effects to be controlled for. We also 
fitted (2) a full model, which added the fixed effect of 
condition (visible vs. hidden) to the null model. The 
goodness of fit of the full model was better than that 
of the null model (χ2(1) = 5.52, p = .019, likelihood ratio 
test). The full model revealed a significant main effect 
of condition (β = 0.11, SE = 0.05, p = .020) indicating 
that the participants’ mean proportion of looks toward 
the unique object was significantly lower in the visible 
condition than in the hidden condition. The full model 
revealed no other significant effects.

As shown in Figure 4, during the test phase of Study 
2, the participants’ mean proportion of looks toward the 
unique object was significantly lower than predicted by 
chance in the visible condition only, whereas it did not 
differ from chance in the hidden condition (visible con
dition: M = 0.43, SD = 0.14, t(23) = −2.43, p = .023, d =  
−0.50; hidden condition: M = 0.55, SD = 0.20, t(23) =  
1.25, p = .22, d = 0.26; one-sample t-tests).

Additionally, we ran three exploratory analyses (see 
details in the Supplemental Materials). First, comp
lementary analyses confirmed that the pattern of signifi
cant results from Study 2 were unique to the 367– 
2000 ms post-labelling window, and not present 
outside of this time window or before the novel label 
onset. Additionally, in Study 2’s visible condition, partici
pants looked significantly more at the unique object 
during the test time window than outside of it (p  
= .001). The same descriptive tendency was observed 
when comparing participants’ mean proportion of 
looks during the test time window and before the 
label onset, but it was non-significant (p = .17). Thus, 
results provide some evidence that the effects observed 
in Study 2 might be specifically triggered by the novel 
label’s onset. Yet, they leave open the possibility that 
they might be distributed before and after the label 
onset.

Second, cluster-based permutation analyses 
confirmed Study 2’s results, without appealing to a 
pre-defined analysis time window. Third, we conducted 
a post hoc analysis of participants’ looking behaviour 
during the label-learning phase. This analysis revealed 
that during the label-learning phase of both conditions, 
infants followed the actress’s pointing gesture – they 
looked more at the two objects that the actress 
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pointed towards ambiguously than at the other objects. 
Moreover, infants’ proportion of looks at the unique 
object during the label-learning phase did not correlate 
with their looking behaviour during the test phase (see 
Supplemental Materials).

3.3. Discussion

In the visible condition of Study 2, infants’ strategies 
were consistent with exemplar frequency tracking. 
Moreover, infants considered what the speaker could 

Figure 3. Schematic Timeline of Studies 2 and 3. Note: At the start of the test video, the objects appeared on the screen, and a voice- 
over asked a prompt question containing the novel label (e.g. “Did you see the bamoule?”). The novel label “bamoule” was pro
nounced 1208 ms after the video’s onset. Following the prompt question, there was a 5-second silent interval during which the 
objects remained visible. Subsequently, the objects switched sides – the one previously on the left moved to the right, and vice 
versa – marking the start of the second trial. The second prompt question began simultaneously with the second trial, where the 
critical word “bamoule” was pronounced at 7500 ms (625 ms after the onset of the second trial). As with the first trial, the 
prompt question was followed by a 5 second silent interval with the objects still visible. This test video was repeated twice, resulting 
in a total of four trials and therefore four measurements (one per prompt question). The prompt questions differed from trial to trial 
and were as follows: “Look! A bamoule!” (trials 1 and 3) and “Did you see the bamoule?” (trials 2 and 4).

Figure 4. Mean proportion of looks toward the unique object in forced-choice trials of study 2, by condition (visible vs. hidden). Note: 
Error bars represent SEM. Data from individual participants are represented by dots. Comparisons against chance by one-sample t- 
tests and comparisons between conditions by independent samples t-tests. *p < .05.
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see, as indicated by the effect of condition (visible vs. 
hidden). Thus, when applying strategies of exemplar fre
quency tracking, infants are not purely egocentric, and 
they consider what is visible for speakers.

Study 2’s findings are remarkable, as they indicate 
infants employ a strategy drastically different from that 
of preschoolers. In Study 3, we sought to replicate 
these results conceptually using a slightly modified situ
ation. In Study 2, the speaker communicated by pointing 
ambiguously toward a set of objects. However, this com
municative action was unusual because the actress 
pointed between two objects, even though she could 
have touched the specific object she was referring to. 
Thus, in Study 3, we modified our stimuli to make the 
communicative gestures more familiar by removing 
ambiguous pointing.

4. Study 3

4.1. Methods

4.1.1. Participants
We tested 18-month-old French learners recruited in the 
Paris area, following the same procedure as in Study 2. 
Forty-eight participants were retained for analysis and 
assigned to one of two between-subject conditions 
(visible condition: n = 24; Mage = 561 days; SD = 10.0 
days; age range: 549–585 days; hidden condition: n =  
24; Mage = 560 days; SD = 10.9 days; age range: 545–585 
days). Parental reports indicated a high percentage of 
French in the participants’ linguistic environment 
(visible condition: M = 85.4%; SD = 18.1%; hidden con
dition: M = 85.7%; SD = 16.7%).

Additional participants were tested but excluded 
from the analysis due to crying (2), technical failure (1), 
failure to calibrate the eye-tracker (2), incomplete eye- 
tracking data in more than two trials with over 50% 
missing data (8), or in the absence of a French native- 
speaking primary caregiver (2).

4.1.2. Materials and procedure
Study 3 followed the same procedure as Study 2, with 
the following exceptions. In the label-learning video, 
the experimenter did not use any pointing gesture. 
Instead, she simply looked toward the unique object 
and one of the frequent objects, making the target of 
her gaze ambiguous (see Figure 1, Panel A). During 
Study 3’s label-learning videos, after the curtain was 
raised, the actress said “Oh!” while looking toward the 
unique object and the neighbouring frequent object. 
Next, she looked toward the viewer before looking 
again at the unique object and the neighbouring fre
quent object, uttering the pseudo-word “Bamoule!” 

only once (see Figure 1, Panel B). Moreover, in Study 3, 
the actress wore a different outfit than in Study 2, and 
the position of the array of unfamiliar objects on the 
screen was more centred than in Study 2.

4.1.3. Data analysis
Study 3’s data analysis procedure was the same as in 
Study 2, with the addition of cross-Studies performance 
comparisons (Study 2 vs. 3). We excluded the data from 
forced-choice trials where more than 50% of the data 
was missing during the 367–2000 ms post-labelling 
phase (16 trials out of 192: 5 in the visible condition 
and 11 in the hidden condition). After exclusions, each 
participant contributed an average of 3.79 (SD = 0.41) 
out of 4 forced-choice trials in the visible condition 
and 3.54 (SD = 0.78) in the hidden condition. As in 
Study 2, both Q-Q plots visual inspection and Shapiro– 
Wilk tests indicated no significant deviations from nor
mality (all ps > .05).

4.2. Results

We began assessing the effect of our factors by running 
LMMs on the participants’ mean proportion of looks 
toward the unique object. We fitted the same models 
as in Study 2 and observed a comparable pattern of stat
istically significant results. In Study 3, the fit of the full 
model was better than that of the null model (χ2(1) =  
10.60, p = .001, likelihood ratio test). Similar to Study 2, 
the full model showed a significant main effect of con
dition (β = 0.20, SE = 0.06, p = .002), indicating that the 
participants’ mean proportion of looks toward the 
unique object was significantly lower in the visible con
dition than in the hidden condition. The full model did 
not reveal any other significant effect.

As shown in Figure 5, during the test phase of Study 
3, participants’ mean proportion of looks toward the 
unique object was significantly lower than predicted 
by chance in the visible condition (M = 0.40, SD = 0.18, 
t(23) = −2.79, p = .010, d = −0.57, one-sample t-test). 
Conversely, it was significantly higher than predicted 
by chance in the hidden condition (M = 0.60, SD = 0.23, 
t(23) = 2.23, p = .036, d = 0.45, one-sample t-test).

In short, the results of Studies 2 and 3 were very 
similar, with one exception. In the hidden condition, par
ticipants’ average proportion of looks towards the 
unique object differed from the chance level only in 
Study 3 (M = 0.60, SD = 0.23, p = .036), and not in Study 
2 (M = 0.55, SD = 0.20, p = .22). Thus, we assessed 
whether infants’ looking behaviour differed across 
Studies. These additional analyses revealed that Study 
(2 vs. 3) had no significant effect on infants’ average pro
portion of looks towards the unique object during the 
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post-labelling time window, in any of the conditions 
(visible: t(43.70) = 0.68, p = .50, d = 0.35; hidden: 
t(45.43) = −0.82, p = .41, d = −0.43; independent 
samples t-tests).

In Study 3, we also ran the same exploratory analyses 
as in Study 2, with comparable results (see details in the 
Supplemental Materials). The pattern of significant 
results from Study 3 was unique to the pre-defined 
time window, and it was not observed outside of it nor 
before the label onset. Furthermore, in Study 3’s 
visible condition, participants looked significantly less 
at the unique object during the test time window than 
outside of it (p < .001), or before the novel label onset 
(p = .013). Thus, there is strong evidence that in Study 
3, the effects observed during the test time window 
were specifically triggered by the novel label onset.

Just like for Study 2, cluster-based permutation ana
lyses confirmed that Study 3’s results, without appealing 
to a predefined analysis time window. During the label- 
learning phase of Study 3, infants followed the actress’s 
ambiguous communicative gaze, in both conditions. As 
in Study 2, infants’ average proportion of looks at the 
unique object during label-learning videos did not corre
late with their test phase behaviour in Study 3.

4.3. Discussion

The results of Study 3 complement those of Study 2. First, 
infants’ behaviour was consistent with an exemplar-fre
quency-tracking strategy. During the test phase of the 
visible condition of both Studies, infants’ average pro
portions of looks at the unique object were significantly 
lower than predicted by chance. Moreover, in Study 3, 
participants’ tendency to look at the unique object was 
significantly stronger during the test time window (right 
after label onset), than outside of it, or before the novel 
label onset. Thus, Study 3 provides strong evidence that 
participants linked the novel label to the frequent 
object type. Additionally, in Study 3, as in Study 2, 
infants were sensitive to what the speaker could see, as 
indicated by the effect of condition (visible vs. hidden) 
during the test phase. These results also indicate that 
infants’ behaviour in the visible condition of Studies 2– 
3 cannot be explained by the visual saliency of the 
unique and repeated exemplars. If this had been the 
case, we would have observed the same pattern of 
responses across the visible and hidden conditions.

In the hidden condition of Studies 2–3, infants’ 
average proportion of looks at the unique object 

Figure 5. Mean proportion of looks toward the unique object in forced-choice trials of study 3, by condition (visible vs. hidden). Note: 
Error bars represent SEM. Data from individual participants are represented by dots. Comparisons against chance by one-sample t- 
tests and comparisons between conditions by independent samples t-tests. *p < .05; **p < .01.
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tended to be higher than the .50 value predicted by 
chance (M = .55 and M = .60, respectively). Although 
this tendency was significant only in Study 3, Study (2 
vs. 3) had no effect on infants’ tendency to look at the 
unique object in the hidden condition. These data are 
consistent with infants having a moderate baseline 
visual preference for the unique object during the test 
phase of the hidden condition, in which the novel 
label was fully ambiguous. This result underscores the 
importance of controlling for visual saliency, which was 
achieved, in our studies, by comparing the visible and 
hidden conditions.

5 General discussion

We investigated the early development of pragmatic 
inferences based on expectations of informativeness. 
First, we found evidence that, in a context in which 
these pragmatic inferences and exemplar frequency 
tracking yielded conflicting results, 3- to 4-year-old pre
schoolers relied on pragmatic inferences to discover the 
meaning of an ambiguous novel label (Study 1), in line 
with previous results (Aguirre et al., 2023; Bohn et al., 
2022; Frank & Goodman, 2014). In contrast, 18-month- 
old infants showed the opposite pattern, suggesting 
that they relied more on exemplar frequency tracking 
(Studies 2–3). In short, we observed a developmental 
switch in the use of expectations of communicative 
informativeness from infancy to preschool age.

Several factors might make it difficult for infants to 
use informativeness-based pragmatic inference. Classic 
accounts of these inferences rely on sophisticated abil
ities that may not be present in infancy. For example, 
the Rational Speech Act model requires listeners to 
reason about a speaker’s representation of the listener’s 
internal model (Goodman & Frank, 2016). It is unclear if 
infants can handle such complex, recursively embedded 
representations. Additionally, the type of informative
ness-based pragmatic inferences that we investigated 
might rest on counterfactual reasoning. For instance, 
in the present work, children might reason that if the 
speaker intended to reference the frequent objects, 
she could have used clearer gestures, such as pointing 
to a frequent object far from the unique one. This kind 
of reasoning, which involves contemplating what 
might have happened, may be challenging for very 
young children (Nyhout & Ganea, 2019a, 2019b). The 
ability to engage in such sophisticated cognitive pro
cesses might not be fully developed in infancy, poten
tially limiting their capacity for informativeness-based 
pragmatic inference.

Young children’s word learning strategies sometimes 
differ markedly from those of older children and adults. 

For instance, Ramscar et al. (2013) observed that tod
dlers rely more strongly on statistical regularities 
(taking into account background rates) than older chil
dren and adults when attempting to identify the refer
ents of novel labels. Our data provide further evidence 
suggesting that young children use statistical regu
larities differently from older participants. In Studies 2– 
3, 18-month-old infants did not perform at chance. 
Instead, they appear to link the novel label to the fre
quent object type in the visible condition, with Study 
3, in particular, providing unequivocal evidence for this 
conclusion. These results indicate that exemplar fre
quency can influence lexical acquisition from infancy. 
They open perspectives for the study of the way 
infants capitalise on statistical regularities in their 
environment, beyond cross-situational temporal co- 
occurrences. Exemplar frequency effects may apply to 
a variety of processes – they need not be reduced to 
associative processes. For example, the propose-but- 
verify hypothesis posits that, after encountering a new 
label, learners form a single explicit hypothesis about 
its meaning. This hypothesis is then carried forward 
unless disconfirmed later (Berens et al., 2018; Medina 
et al., 2011; Trueswell et al., 2013; Woodard et al., 2016; 
for comparable models involving a ranking of a small 
set of hypotheses, see also Dautriche & Chemla, 2014; 
Koehne et al., 2013; Roembke & McMurray, 2016; 
Stevens et al., 2017; Yurovsky et al., 2014).

Hypothesis-testing processes are likely influenced by 
co-occurrence between labels and the frequency of 
object types at labelling. Consider a scenario where a 
learner hears a novel label while surrounded by two 
types of novel objects, with one type being more numer
ous. If the learner assumes equal probability for the label 
to refer to any present object, they should be more likely 
to hypothesise that the label refers to the more abun
dant object type. Note this process does not necessarily 
require infants to consider multiple hypotheses simul
taneously. Instead, infants might randomly select one 
of the available objects as a potential referent and pro
visionally assume the label refers to it. Using this 
approach, infants would be more likely to attach labels 
to object types that are more abundant in their 
environment.

Our studies also provide information about the way 
speakers’ visual access affects young children’s proces
sing of novel labels. In Study 1, the manipulation of 
speakers’ visual access had mixed effects on preschoo
lers’ performance. When only two objects were visible 
from the speaker’s viewpoint, preschoolers no longer 
selected the unique object as the referent of the novel 
label. However, they did not behave in a significantly 
different manner when the speaker could see all the 
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objects (in the visible condition) or only two of them (in 
the hidden condition). In short, the results of Study 1 are 
compatible with the view that preschoolers can use 
what speakers see when engaging in pragmatic infer
ences. However, they do not provide conclusive evi
dence to support this claim.

By contrast, in Studies 2–3, the effect of condition 
(visible vs. hidden) was significant, indicating that by 
18 months, infants consider what speakers can see in a 
referential task. Thus, infants are not egocentric when 
linking labels to referents. Instead, they take into 
account the speaker’s visual perspective, not just 
objects present during labelling events. Previous 
studies have established that young children take into 
account not only gaze direction but also what is visible 
or hidden for speakers in the context of word learning 
(Aguirre et al., 2022; Nadig & Sedivy, 2002; Nurmsoo & 
Bloom, 2008). Studies 2–3 provide evidence for compar
able capacity at a much younger age, in line with recent 
evidence (Bernard et al., 2025). Infants’ capacity to use 
information about what others can see when learning 
labels makes sense given their sensitivity to what is 
visible to others, which develops from the first months 
of life onward (Choi et al., 2018; Liszkowski et al., 2007; 
Luo & Baillargeon, 2007; Moll & Tomasello, 2006; 
O’Neill, 1996; Sodian et al., 2007). By monitoring what 
speakers can see, infants can restrict the range of poten
tial referents for novel labels, thus making word learning 
a much more tractable problem.

The effect of referent visibility in Studies 2–3 might 
have several non-mutually exclusive bases. First, 
infants may have extended the space of possible refer
ents for the actress’ gesture beyond the two objects 
she ambiguously pointed or looked at. As a result, 
infants would have considered several visible frequent 
objects as possible referents for the pointing or gaze 
gesture of the speaker. By contrast, in the hidden con
dition, infants arguably restricted the set of possible 
referents only to the two objects visible to the actress. 
Second, infants might use frequency information to 
infer what the speaker might comment on, based on 
which objects she is aware of being present. For 
instance, infants might expect speakers to be equally 
likely to comment on any of the objects that she 
knows to be present. In the visible condition, this 
would lead infants to expect the speaker to refer to 
one of the frequent objects rather than to the unique 
one.

For practical reasons, we collected pointing behav
iour in preschoolers and eye-tracking measures in tod
dlers. We acknowledge that this is a methodological 
limitation – using uniform measures across age groups 
would have been preferable. Yet, research on children’s 

word learning shows a strong correlation between 
pointing accuracy and looking proportions, with com
parable developmental patterns (Creel, 2025). Thus, in 
word-learning paradigms, pointing measures can serve 
as a reliable proxy for children’s visual behaviour, justify
ing the comparison of performance between different 
age groups in our studies.

In short, our studies revealed three key findings 
regarding the early development of communicative 
and linguistic abilities. First, we observed a developmen
tal shift in the use of pragmatic inferences based on 
expectations of informativeness, suggesting significant 
changes occur within the first years of life regarding 
this capacity. Second, our results highlight the 
influence of exemplar frequency on infants’ lexical 
acquisition, an area that warrants further investigation. 
Finally, we found compelling evidence that infants con
sider a speaker’s visual perspective when interpreting 
novel labels, demonstrating that this ability significantly 
impacts their word-learning process.
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