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Abstract

Studies have shown the importance of caregivers’ multimodal
behaviours (e.g., prosody, gestures, gaze) on children’s word
learning. However, most studies focus on only one specific
behaviour (e.g., only prosody). Here, we investigate which
multimodal behaviours used by caregivers best predict
children’s word learning and vocabulary growth. Using data
from the ECOLANG corpus, we analysed caregiver behaviour
in semi-naturalistic interactions with their child (3 to 4 years
old) in which they talked about known and unknown toys. We
analysed caregivers’ (n=36) use of multimodal cues while
labelling the objects, specifically their use of yes/no questions,
pitch, representational gestures, pointing, object manipulations
and gaze. Caregivers’ pitch, use of yes/no questions and
pointing predicted children’s word learning. In particular,
higher pitch when labelling unknown toys predicted immediate
word learning. The degree to which caregivers used higher
pitch when producing the label for known compared to
unknown toys predicted both immediate learning and
vocabulary growth. Furthermore, the degree to which
caregivers used yes/no questions more for unknown toys
predicted immediate learning, while the frequency of yes/no
questions when naming unknown toys predicted vocabulary
growth. Lastly, caregiver pointing also predicted immediate
label learning and vocabulary growth, but in the opposite
direction from prosody: the more they pointed towards known
toys, the better children’s learning of novel toy labels. Other
behaviours did not predict word learning. Overall, these results
provide evidence for the important role of multimodal
caregiver behaviours, particularly prosody, on children’s
lexical development.

Keywords: multimodal communication; caregiver input;
language learning

Introduction

It is clear from individual differences in children’s
vocabulary size across the early years (Fenson et al., 1994;
Rowe et al., 2012) that the rate at which children learn new
words varies substantially. A number of interacting factors
may contribute to this variability, including caregiver socio-
economic status (SES, Fernald et al., 2013), responsiveness
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(McGillion et al., 2017), quantity of input (Hurtado et al.,
2008) and children’s early phonetic perception (Tsao et al.,
2004). Variability in multimodal behaviours (both verbal and
non-verbal) used by caregivers when interacting with their
children can also contribute to variability in learning
trajectories above and beyond factors such as SES and input
quantity (Cartmill et al., 2013). Here, we focus on a number
of verbal and non-verbal behaviours (speech pitch, use of
yes/no questions, representational gestures, pointing, object
manipulation and gaze direction) and assess their role in
immediate learning and vocabulary growth.

Multimodal behaviours and word learning

There are a number of verbal and non-verbal cues that can
facilitate immediate word learning as well as vocabulary
growth,

Focusing on verbal cues, repeated use of a novel label (i.e.,
the name of an object) in the presence of an associated object
could facilitate slow word-mapping, with learning processes
happening over time in the presence of different arrays of
potential targets (McMurray et al., 2012). However, the
precise relationship between frequency of caregiver word use
and immediate word learning is not straightforward. Schroer
& Yu (2022) found that the number of caregiver repetitions
of a novel word is by itself not enough to predict 1- to 2-year-
olds’ immediate word learning. Instead they found that word
learning was predicted by the frequency with which novel
words were produced by caregivers while children attended
and manipulated the objects. Additionally, repeated naming
of novel objects that occurs specifically in quick bursts
predicts immediate word learning (Slone et al., 2023). In
terms of vocabulary growth, Bang et al. (2022) found that the
frequency that caregivers used object labels with 18-month-
olds predicted expressive vocabulary at 25 months.

Furthermore, the type of utterance in which an object name
is used in speech to children could be predictive. Dong et al.
(2021) found that the number of utterances consisting of
yes/no questions used by caregivers to their 3- to 4-year-old
children (but not declaratives, imperatives or wh- questions)
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predicts children’s immediate word learning and later
vocabulary (see also Rowe, 2008). Though this finding
related to all utterances, regardless of whether they contained
an object name, it is possible that this could also apply to
label-containing utterances.

Caregivers often use child directed language (CDL; Cox et
al., 2022). The higher-pitched speech of CDL may enhance
word learning by attracting children’s attention (Cristia,
2013) or improving their ability to recognize phonological
properties (Trainor & Desjardins, 2002). Indeed, higher-
pitched caregiver speech when introducing novel object
labels is a robust predictor of children’s word learning from
17 up to 48 months of age (Graf-Estes & Hurley, 2012;
Grassman & Tomasello, 2007; Shi et al., 2022; Ma et al.,
2011), and even adult label learning (Fillipi et al., 2014).
Beyond immediate measures of word learning, evidence from
infancy of mean pitch effects on vocabulary size is mixed. 3-
to 14-month-olds with caregivers who introduce novel object
labels using higher-pitched speech (e.g., in the phrase “pet the
gorilla”) had larger expressive vocabularies at 12 to 13
months (Porritt et al., 2014). However, Kalashnikova and
Burnham (2018) did not find a relationship between higher
pitched caregiver speech to infants from 7 to 19 months and
expressive vocabulary at 15 and 19 months. Moreover,
beyond infancy, Shi et al. (2022) showed that while higher-
pitched speech when introducing unknown object labels to 3-
to 4-year-olds did not predict receptive vocabulary one year
later, the degree to which caregivers produced higher speech
for unknown compared to known object labels did.

Caregivers can also provide nonverbal indexical cues to
facilitate fast mapping of novel words to present referents,
e.g., pointing at, manipulating or gazing at objects whilst
labelling them (Bohn & Frank, 2019; Brooks & Meltzoff,
2008; Radar & Zukow-Goldring, 2010; Vigliocco et al.,
2019). Studies have suggested that children between 2 and 5
years use a combination of linguistic and indexical cues
(particularly eye gaze and pointing), to map novel labels to
objects (Grassman & Tomasello, 2010; Nurmsoo & Bloom,
2008; Yow & Markman, 2014). Evidence suggests that
gesturing to novel objects whilst naming them boosts
children’s immediate word learning. For example, 18- to 30-
month-olds learned novel words in a story better when
caregivers pointed towards and labelled objects in the story
compared to simply labelling them without pointing
(Kalagher & Yu, 2006). Booth et al. (2008) showed that 28-
to 31-month-olds learned unfamiliar labels for novel objects
better when caregivers simultaneously gazed towards objects
or gazed while pointing, touching or manipulating the object.
Furthermore, there is indirect evidence suggesting caregiver
pointing or gazing whilst naming predicts infant vocabulary
size. Pan et al. (2005) found that rates of caregiver pointing
predicted children’s expressive vocabulary growth between
14 and 36 months. Though the study did not focus on pointing
accompanying naming, most observed pointing was co-
speech, and so this effect could plausibly apply to naming
instances. Law et al. (2012) tested 18-month-olds’ novel
word learning in a gaze-following task where they had to
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follow an experimenter’s gaze to correctly identify the
referent. This ability predicted measures of the child’s
receptive vocabulary at 24 months, and expressive
vocabulary at 24 and 30 months. Caregiver naming whilst
gazing at objects could therefore facilitate label-object
mapping and enhance children’s later vocabulary.

Even when objects are absent, mapping may be achieved
through caregivers’ use of representational gestures
(iconically representing object properties whilst labelling;
Perniss & Vigliocco, 2014). Representational gestures
facilitate verb learning, as representational gestures often
depict motion (Aussems, 2020; Sweller et al., 2020;
Goodrich & Kam, 2008). However, work has also
demonstrated that 4-year-olds learned object labels (i.e.,
nouns) accompanied by noun-depicting representational
gestures (e.g., the shape of a particular animal) better than
labels that were provided without such gestures (Vogt &
Kaushke, 2017; see also Capone & McGregor, 2005).
Caregivers’ use of representational gestures is predictive of
later vocabulary outcomes too. In a training study, 11-month-
olds whose caregivers were encouraged to produce iconic
gestures whilst using an associated word (often a label; e.g.,
scratching underarms while saying “monkey”) outperformed
control group children (whose caregivers were not instructed
in this way) on an array of expressive and receptive
vocabulary measures from 15 to 36 months (Goodwyn et al.,
2000).

The current study

The current study investigates multimodal caregiver
behaviours produced when providing labels for objects to
children aged 3 to 4 years old, and how this impacts both the
child’s learning of previously unknown labels as well as their
later vocabulary size. This work addresses four crucial
interacting factors that at present preclude a full
understanding of which caregivers’ multimodal behaviours
produced while naming novel objects support children’s
word learning.

Firstly, much of the evidence surrounding multimodal
caregiver behaviours involves task-based experiments in the
lab, and doesn’t necessarily quantify what behaviours
caregivers use in day-to-day interactions with their children.
In this study, we investigate multimodal behaviours using
data from the ECOLANG corpus (Gu et al., in prep), a dataset
focusing on naturalistic interactions between caregivers and
their 3- to 4-year-old children taking place in the family
home. In this dataset, dyads interact naturalistically,
discussing toys that are both familiar and unfamiliar to the
child, providing the opportunity to observe caregiver
behaviours in a setting closer to its ecological niche.

Secondly, studies on the predictive effects of caregiver
multimodal behaviours on word learning typically focus on
each behaviour in isolation (e.g.,, only looking at
phonological measures, or focusing only on gestures
accompanying labelling). Here, to gain a more complete
understanding of what kind of multimodal behaviour predicts
learning, we directly contrast relative predictive power of



different behaviours in the same sample, thus reducing the
possibility that a particular finding could be due to a hidden
correlate, i.e., indexing another predictive behaviour (see
examples in Bang et al., 2022; Booth et al., 2008). As there
are many potential predictors to consider, for speech-
properties we focus on mean pitch of labels as a strong
phonological predictor of children’s word learning (Shi et al.,
2022). In terms of semantic properties, we focus on whether
labels are produced as part of a yes/no question (e.g., “is this
the parsley?”), known to be an important predictor of
children’s word learning over and above other sentence types
(e.g., declaratives, imperatives and wh- questions; Dong et
al., 2021). For gestural predictors, we focus on pointing,
representational gestures and object manipulations. Finally,
we consider whether caregivers are gazing to the objects as
they label them.

Thirdly, there are two main ways to conceptualize the
relationship between caregiver behaviours and children’s
language learning. We could consider the variability in
caregiver behaviour when labelling objects that they think
their child is unfamiliar with. Thus, we could conceptualize
variability as simply frequency, or averages, i.e., how much
caregivers produce a behaviour whilst labelling, and how this
predicts the child’s language learning. On the other hand, we
could consider variability in the degree to which caregivers
modify labelling behaviours for words that they think their
child is unfamiliar with. Thus, we could conceptualize
variability as differences between labelling known and
unknown objects, and whether the variation in the magnitude
of these differences predicts children’s language learning
(see Shi et al., 2022). Here, we consider both ways of
quantifying caregiver behaviour.

Finally, few studies investigate both immediate word
learning (i.e., assessing how labelling behaviours impact on
children’s recognition of novel words used in the study) and
later vocabulary learning (i.e., assessing how differences in
labelling behaviours impact on children’s vocabulary
growth). Here, we make use of data from the ECOLANG
corpus to investigate immediate learning (children’s
recognition of labels for the toys that they were unfamiliar
with), as well as assessments of concurrent vocabulary and
vocabulary one year later.

Method

Participants

Dyads were taken from a corpus of N = 38 dyads involving a
caregiver and a child aged 3 to 4 years old (ECOLANG
corpus; Gu et al., in prep). Two dyads were not used due to
eye-tracker malfunction. Our sample consisted of n = 36
caregiver-child dyads (caregivers: F = 35, Age [years] M =
38.64, SD = 3.67, Range = 29 - 48; children: F = 17, Age
[months] M = 43.06, SD = 4.53, Range = 36 - 52).

A subset of dyads were also used for analysis of vocabulary
outcomes one year later. This data was available for n = 31
dyads from our sample (caregivers: F = 30, Age [years] M =
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38.77, SD = 3.90, Range = 29 - 48; children: F = 14, Age
[months] M = 42.90, SD = 4.61, Range = 36 - 52).

ECOLANG Corpus

Videoed interaction The corpus involves semi-naturalistic
interactions between children and their caregivers in the
home. Sessions were video recorded while the caregiver wore
a lapel microphone and head-mounted eyetracker (Tobii Pro
Glasses 2). Caregivers and children sat at 90° to each other at
a table, and talked about 24 toys (drawn from a pool of 98
toys). 12 toys were selected because they were known to the
child and 12 were selected as they were unknown
(determined by caregiver report). Toys were grouped by
category (animals, foods, musical instruments and tools),
with 6 toys in each (3 unknown). Dyads spent 6-8 minutes on
each set (category), half the time with toys present, and half
with toys absent. Category order and whether toys were
present or absent first was counterbalanced across dyads.

Caregivers’ speech in the corpus was manually annotated
using Praat (Boersma & Weenink, 2019). Speech was
initially transcribed on an utterance level, defined as a unit
that expresses a single event (Berman & Slobin, 1994).
Utterances were coded into different types including Yes/No
questions (see Dong et al. 2021).

The pitch of object labels was extracted using a Praat script
that computed mean FO, and each value was manually
checked to correct pitch errors and mistracked points (see Shi
et al. 2022, for more detail).

Caregivers’ gestures and gaze fixations were annotated
using ELAN  (Sloetjes &  Wittenburg,  2008).
Representational gestures were defined as gestures that
represent properties of referents, such as the shape or function
of an object (e.g., hands forming a circle to represent the
round shape of an apple or bringing your hand towards your
mouth to represent drinking from a cup). Pointing was
defined as gestures that single out a particular referent
through deixis (e.g., a canonical index finger point). Object
manipulations were any meaningful movement or action
performed while touching a toy (e.g., holding a toy to direct
the child’s attention to it). Actions carried out while
incidentally holding objects were not counted. To determine
gaze fixations on toys, raw recordings obtained from the eye
tracking glasses were processed to mark caregivers’ gaze
position. Afterwards, the recording was manually annotated
by an expert coder on ELAN to mark the specific toy that was
the focus of the gaze fixation (coding only those lasting for
>3 consecutive video frames; see Motamedi et al., 2022 for
detail on utterance, gesture and gaze coding in the corpus).

Child object recognition task Immediately after the
interaction, children took part in an E-prime recognition task.
Children were presented with two pictures of toys side-by-
side, while a voice prompted, “Can you help me find the [toy
name], where is the [toy name]?”. Children pointed to a
picture, and an experimenter recorded their response. Each
child received 28 trials, consisting of 24 target test trials (2
for each unknown toy used in the interaction), and 4 control



trials (featuring known toys). For all target test trials, non-
target toys were also unknown toys used in the interaction
(i.e., each unknown toy appeared 4 times across test trials:
twice as target, twice as non-target).

Child vocabulary Prior to the videoed interaction, the
British Picture Vocabulary Scale, 3" edition (BPVS; Dunn &
Dunn, 2009) was used to assess children’s concurrent
vocabulary. Additionally, a subset of children (n=31)
completed the BPVS again one year after the interaction.

Measures

For the 36 dyads in the sample, we extracted N = 5794
utterances in which the caregiver used a toy label (n = 2962
unknown to the child, n = 2831 known).

For all utterances, we considered whether it was a Y/N
question, the pitch of the label and whether the utterance
containing the label overlapped with a representational
gesture, object manipulation, pointing or gaze to the toy.

For these measures, we calculated frequency/mean scores
for each toy that the dyad interacted with. For count
behaviours (e.g., pointing), this was the number of times a
caregiver pointed at a toy whilst saying the label. For pitch,
we calculated the mean pitch across all labelling instances for
that toy. We also calculated difference scores quantifying
differences between caregiver behaviours when naming
known and unknown toys. For count behaviours, e.g.,
pointing, this was the frequency caregivers labelled and
pointed at known toys minus the frequency they labelled and
pointed at unknown toys. For pitch, we calculated a ratio
score, i.e., mean pitch when labelling known toys divided by
mean pitch when labelling unknown toys (see Shi et al.,
2022).

Children’s immediate learning scores For each child, we
calculated a binary recognition score for each unknown toy
from the recognition task. If they correctly identified the toy
in both trials where it was a target, then they were classified
as having learned the label (= 1), and if not, they were coded
as not having learned the label (= 0).

If a child did not complete both target test trials for a toy in
the experiment (due to technical issues with the recognition
task), we did not include a score for that toy in the measure
of immediate learning. Two participants had scores for <12
unknown toys (having scores for 11 and 8 toys respectively).

Children’s vocabulary scores We used BPVS raw scores
for concurrent vocabulary and vocabulary one year later.

Analysis

All analyses were conducted in RStudio 9.0.351 (RStudio
Team, 2021) running R version 4.2.2 using Ime4 (Bates et al.,
2015), ImerTest (Kuznetsova et al., 2017) and stats (R Core
Team, 2022) packages.

Immediate learning To analyse the effect of caregiver
multimodal behaviours on immediate learning of unknown
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objects (frequency/mean scores), we constructed logistic
mixed-effects models. The dependent variable (DV) was the
child’s immediate learning score. Independent variables
(IVs) were the caregiver’s pitch, yes/no questions, pointing,
representational gestures, object manipulation, gaze and the
total number of labels. We included child’s concurrent
vocabulary score as a control variable. There was a separate
datapoint per toy for each dyad, reflecting the 1V and DV
relating to that toy. Note, for 10 datapoints (10 toys across
n=6 participants), the caregiver did not label the toy, so these
datapoints were excluded. We included a random intercept of
participant, and toy as a random effect on all slopes. In order
to ease model convergence, aid interpretability and ensure
random effects were identifiable, all I\Vs were mean-centred
and scaled (M = 0, SD = 1). Additionally, we only included
data from unknown toys that were used for >4 participants.
This resulted in 374 datapoints for both DV and 1Vs, for 37
different toys across the 36 dyads (note that control variables
only have 36 datapoints, one per dyad).

To analyse the effect of the difference between multimodal
behaviours while producing labels for known and unknown
toys on immediate learning outcomes, we again constructed
logistic mixed effects models with the same DV, control
variable and random effects structure. However, in this model
IVs were difference scores, so there were 384 datapoints for
the DV (each representing a recognition score) across 37
items, with 1 datapoint per dyad for the IVs and control
variables.

Vocabulary growth To analyse the effect of caregiver
multimodal behaviours whilst producing novel words on
children’s later vocabulary, we used simple linear regression
(1 datapoint per dyad). The DV was the child’s vocabulary
score one year later and the control variable was the child’s
concurrent  vocabulary score. For models using
frequency/mean scores, 1Vs represented the frequency/mean
of labelling instances across all unknown toys. For models
using difference/ratio scores, Vs were identical to the model
predicting immediate learning from these differences.

As the sample for vocabulary outcomes was relatively
small (n = 31) relative to the number of predictors, we first
constructed the full model with all predictors and then used
model selection (calculating a model for every possible
combination of predictors) and ranking models by AlCc, a
version of Akaike’s Information Criterion that corrects for
small sample sizes (Sugiura 1978; Burnham & Anderson,
2002). All models contained the control variable. Across all
models, we calculate AAICc (AICc for a given model minus
the lowest AlCc for any model). The model with AAICc =0
is considered the best model, however models with AAICc <
2 are considered equivalent (Burnham & Anderson, 2002).
To avoid cryptic multiple testing (Forstmeier & Schielzeth,
2011), we present the full model with all predictors, before
presenting reduced models.

Multicollinearity Variance Inflation Factors (VIF) were
calculated for every model to ensure there was no



multicollinearity between predictors. Where VIF scores led
to predictor removal, this is noted in the results. All presented
models have VIF < 5 for all predictor variables.

Results

Immediate learning outcomes

We first investigated whether the frequency/mean of
caregiver labelling of unknown toys (with different
multimodal behaviours) predicted immediate learning of
unknown toy labels. Of these behaviours, only the pitch of
caregiver labels significantly predicted immediate word
learning (along with concurrent vocabulary, see Table 1 top).
No behaviours relating to caregiver gestures or gaze whilst
labelling unknown toys predicted immediate word learning.

Next we investigated whether the difference in the way
caregivers labelled unknown and known toys predicted
immediate word learning (Table 1 bottom: total labels
removed due to high multicollinearity, VIF = 5.64). The
difference between caregivers’ pitch during labelling
significantly predicted immediate word learning. Children’s
recognition scores were higher when caregivers used higher
pitch for unknown labels compared to known. Furthermore,
the difference between the amount caregivers pointed to toys
while labelling was predictive. Children’s scores were higher
when their caregivers pointed more to known toys whilst
labelling. The difference between the amount caregivers label
as part of a yes/no question was predictive (though non-
significant, p = .056) in the same effect direction as for pitch
(see Figure 1).

Table 1: Immediate learning predicted by frequency/mean
of multimodal behaviours (top) and difference in labelling
behaviours between known/unknown toys (bottom)

Est SE t p
(Intercept) 1264 0.228 5.543 .000***
Pitch 0.482 0.220 2.191 .029*
Y/N -0.025 0.256 -0.098 .922
RG 0.085 0.238 0.358 .720
OoM 0.010 0.330 0.029 .977
Pointing 0.127  0.289 0.440 .660
Gaze 0.088 0.265 0.334 .738
Total Labels 0.125 0.399 0.313 .754
Vocab 0.504 0.184 2.740 .006**
(Intercept) 1226 0.214 5.730 .000***
Pitch (ratio) -0.385 0.196 -1.967 .049*
Y/N (diff) -0.376 0.196 -1.914 .056
RG (diff) -0.087 0.216  -0.403 .687
OM (diff) 0.356  0.230 1544 123
Pointing (diff) 0.442 0.200 2.214 .027*
Gaze (diff) -0.341 0.243  -1.402 .161
Vocab 0.358 0.168 2127 .034*
RG=Representational ~ Gesture, =~ OM=0bject = manipulation.

Vocab=concurrent vocabulary. Y/N=Y/N questions. (diff) = the
difference in a behaviour between labelling known/unknown toys.
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Vocabulary Growth

We investigated whether the frequency/mean of caregiver
labelling of unknown toys (with different multimodal
behaviours) predicted children’s vocabulary scores 1 year
after the interaction (Table 2: total labels removed, VIF =
14.85). No IVs significantly predicted vocabulary growth,
though concurrent vocabulary score was a significant
positive predictor. Model selection identified a single best
model including frequency of labels as part of yes/no
questions (Table 2).

Table 2: Vocabulary growth predicted by frequency/mean
of behaviours for the full (top) and reduced model (bottom)

Est SE t p
(Intercept) 0.026  0.156 0.166 .870
Pitch 0.078 0.166 0.469 .643
Y/N -0.304 0.194 -1568 .131
RG 0.190 0.218 0.868 .395
oM -0.158  0.257 -0.617 .543
Pointing -0.166  0.190 -0.873 .392
Gaze -0.001 0.264 -0.005 .996
Vocab 0.436  0.186 2.349 .028*
AAICc=0.00
(Intercept) 0.036 0.145 0.250 .805
Y/N -0.412  0.142  -2.906 .007**
Vocab 0.394 0.147 2.681 .012*

Finally, we investigated whether differences in caregivers’
multimodal behaviours between naming unknown and
known toys predicted children’s vocabulary growth (Table 3:
total labels removed, VIF = 6.05). The difference between the
pitch of caregiver labels significantly predicted vocabulary
growth. Children’s later vocabulary scores were higher when
their caregivers used higher pitch for unknown labels
compared to known (Figure 1).

Model selection found no single best model as two models
had AAICc <2. The pattern was similar across all models:
pitch and pointing difference predicted children’s vocabulary
growth. Children’s scores were higher when their caregivers
pointed more to known toys whilst labelling (Figure 1). The
better fitting model is shown in Table 3. The other model
additionally contained gaze difference (as a non-significant
predictor AAICc = 1.60).

Discussion

Here, we assessed the relative contribution of different
multimodal caregiver behaviours whilst producing object
labels on children’s language learning.

Our results show that verbal behaviours (e.g., prosody,
utterance type) play an important role. In particular, we found
that caregiver prosody was an important predictor, with
higher pitched speech predicting immediate word labelling,
and higher pitched speech when naming unknown compared
to known toys predicting both immediate word learning and
later receptive vocabulary (replicating Shi et al., 2022). This
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supports theories that suggest that CDL characteristics are a
key component in children’s word learning. As these predict
both immediate and later vocabulary, these characteristics are
clearly crucial to early language acquisition, perhaps by
focusing attention on phonological features of new words.
Additionally, we found that the semantic context of labelling
was important, in that the degree to which caregivers used
labels as part of a yes/no question for known compared to
unknown toys predicted immediate word learning. The
frequency of labelling as part of a yes/no question was a
negative predictor of vocabulary growth, however. This
contrasts Dong et al. (2021) who found a positive relationship
with vocabulary growth for caregivers’ use of yes/no
questions, suggesting that the relationship between yes/no
questions that specifically include labels impacts differently
on vocabulary growth.

Non-verbal behaviours also played a role. However, this
was limited to pointing. We found that children’s learning of
unknown labels was poorer and later vocabulary smaller
when caregivers pointed more to unknown rather than known
toys. Why might more pointing to unknown toys be
negatively related to children’s language learning? One
possibility is that this relates to following-in behaviour
(Carpenter et al., 1998). Research suggests that infants learn
labels best when they are already attending to the object when
hearing the label. For example, Tomasello & Farrar (1986)
found that the amount that caregivers label objects that their
15-month-olds were already attending to predicted later
expressive vocabulary. It is possible that pointing and naming
unknown objects more indexes a relative lack of sensitivity
to the child’s attentional state in that moment, and involves
redirecting attention to labelled referents instead of labelling
objects already being attended to. To test this hypothesis, one
would need to take the attentional focus of the child into
account or focus only on labels produced in response to
children’s communicative bids (Olson & Masur, 2015).

Perhaps the most surprising finding was that most other
multimodal behaviours produced in utterances containing a
novel object label (e.g., representational gestures, object
manipulation, and gaze) did not predict later language. This
finding requires context, however, before we disregard the
role of other multimodal behaviours. First, we did not
investigate combinations of predictors (e.g., labelling whilst
pointing + gaze; see Booth et al., 2007; Iverson et al., 1999),
or indeed combinations of adult and child behaviours (e.g.,
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Table 3: Vocabulary growth predicted by difference in
multimodal behaviours between labelling known/unknown
toys for the full (top) and reduced model (bottom)

Est SE t p
(Intercept) 0.062 0.147 0.423 0.677
Pitch (ratio) -0.484 0.164 -2.955 0.007**
Y/N (diff) -0.043 0.180 -0.237 0.815
RG (diff) -0.230  0.200 -1.151 0.261
OM (diff) -0.129  0.212 -0.612 0.547
Pointing (diff) 0.324 0.167 1.943 0.064
Gaze (diff) 0.422 0.235 1.798 0.085
Vocab 0.354  0.160 2.213 0.037*
AAICc=0.00
(Intercept) 0.032 0.144 0.225 .824
Pitch (ratio) -0.381 0.149 -2.558 .017*
Pointing (diff) 0.328  0.153 2.153 .040*
Vocab 0.392 0.152 2.587 .015*

mutual gaze). This presents a large analytical challenge as the
number of potential predictors, and models under
consideration is large compared to the sample size (see Bang
et al.,, 2022; Donnellan et al., 2020). Nevertheless, an
assessment of the different combinations of predictors may
reveal different predictive relationships between caregiver
behaviour and children’s word learning. Second,
representational gestures may play a role in learning
especially when the referents talked about are visually absent
(Motamedi et al., 2022). This possibility could not be tested
here because of lack of power. Moreover, as representational
gestures capture perceptual and action properties of objects
(McNeill, 2005), they may support children’s learning of
conceptual knowledge about the object rather than the
mapping between a conceptual representation and its label
(e.g., Valenzo et al., 2003; McGregor et al., 2009). Finally,
while most of the literature on the relationship between
indexical cues and word learning focuses on infants under 2
years of age, the current study tested 3- to 4-year-olds, who
are at a relatively advanced stage of linguistic development
compared to infants. Thus, while our results suggest that
caregivers’ pitch modulations may be particularly beneficial
for word learning at this developmental stage, it is entirely
possible that other multimodal cues influence the lexical
development of younger children.
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