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ABSTRACT
Bilinguals show differences in face processing compared to monolinguals, automatically orienting more rapidly to faces and 
dwelling longer on faces and mouths than monolinguals. However, it is difficult to identify specific visual strategies from 
average‐level data. This pre‐registered study uses growth curve analysis within trials to explore individual differences in 
monolingual and bilingual children's dynamic allocation of visual attention to static faces (“Face Pop‐Out”) and dynamic 
mouths (“50 Faces”). Participants were from Greater London in two age groups: 7‐ to 18‐month‐olds (n = 131) collected at the 
Birkbeck Babylab, and 18‐ to 34‐month‐olds (n = 745) whose data was publicly available from the Developing Human Con
nectome Project. Results show that children's attentional trajectories for viewing faces and mouths are sensitive to age and early 
language environment. Specifically, young bilinguals showed stronger systematic disengagement than monolinguals from faces 
and mouths after initial orientation. Older bilinguals prioritized the mouth more than monolinguals, driven by a steeper in
crease in mouth‐looking over stimulus time. Age‐dependent shifts in attentional allocation over stimulus time were evident 
within both age groups, particularly in static face viewing. In infants, younger children showed earlier re‐fixations to static faces 
than older children. In toddlers, attention to faces was more stable over stimulus time in older than younger children. Overall, 
results suggest that age and early exposure to two languages modulates the temporal structure of children's social attention from 
7‐ to 34‐months of age.

1 | Introduction

Simultaneous bilinguals (i.e., children who learn two languages 
from birth) face higher language learning demands and receive 
less exposure to each individual language compared to same‐age 
monolinguals (Hoff et al. 2012). Despite this, bilingual language 
development is remarkably similar to that of monolinguals. This 
might be because bilinguals develop adaptive strategies that 

support their dual‐language learning, such as heightened 
sensitivity to social cues in the environment (Birulés et al. 2018; 
Mercure et al. 2018; Mousley et al. 2023; Pons and Lew
kowicz 2014; Pons et al. 2015). Many of these social cues are 
displayed by the human face as it conveys contextual informa
tion for language use (e.g., people's identities, Knappmeyer 
et al. 2003; O’Donnell and Bruce 2001; emotional states, Guar
nera et al. 2018). Mouth movements provide a visual signal to 
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support auditory speech processing (in adults: Król 2018; in 
children: Mercure et al. 2019). Differences in bilinguals' social 
attention compared to monolinguals may indicate increased 
attention to these signals and support young bilinguals' dual‐ 
language learning. For example, research shows that bilingual 
infants maximize their exposure to human faces. Compared to 
monolinguals, bilinguals show faster speed of first saccades to 
static faces in an array (Mercure et al. 2018; Mousley et al. 2023), 
and when viewing videos of people speaking, higher overall 
looking time to mouths and stronger relative preference for 
mouths than eyes (Pons et al. 2015). These studies have also 
found relevant between‐subject variability, highlighting indi
vidual differences in social attention strategies amongst young 
bilinguals (Birulés et al. 2018). Crucially, such differences 
manifest in how attention is allocated over time and can be 
effectively analyzed through temporal profiles of social attention 
within trials. Growth curve analysis (“GCA”) provides a 
powerful method for capturing these individual differences, as it 
allows us to model fixation proportions over stimulus time. 
Using this technique, we can determine whether variability in 
gaze behavior over stimulus time stems from differences in 
language exposure or other individual‐level influences. More
over, fixation probabilities over time offer a sensitive estimate of 
linguistic processing (Mirman et al. 2008), making this approach 
particularly well‐suited for investigating the interplay between 
language experience and social attention. The current study 
uses GCA to examine whether temporal profiles of attention to 
social stimuli over stimulus time are sensitive to early language 
experience in a large, heterogenous group of 7‐ to 34‐month‐old 
monolingual and bilingual children.

Roughly half the world's population uses more than one lan
guage and can broadly be considered “bilingual”, but there is 
substantial variability within this group in domains such as 
language exposure, fluency, and age of acquisition (Gros
jean 2010). Bilinguals who learn two languages simultaneously 
from birth develop the early milestones of language develop
ment at roughly the same pace as monolinguals, but bilinguals 
do so in two languages. This requires adaptations in domains 
such as phoneme categorization, as native language pairs may 
have different overlap in their phonological composition (Bosch 
and Sebastián‐Gallés 1997), and differentiation of native lan
guages from other languages and from each other (Byers‐ 
Heinlein et al. 2010; Werker 2012). It might be that bilinguals 
develop adaptive strategies in the domain of visual attention to 
support their early dual‐language learning. For example, bi
linguals may orient their attention to faces faster than mono
linguals to make better use of visual articulation cues if the face 
were to begin to speak.

One way to measure how interested an infant is in faces is to 
measure their orientation to a face in an array of other non‐ 
social objects (Gliga et al. 2009; Gluckman and Johnson 2013). 
Whilst infants of all language groups tend to direct their 
attention faster to and spend longer looking at faces compared 
to other non‐face areas, this “face pop out” phenomenon is 
influenced by early language experience (Mercure et al. 2018; 
Mousley et al. 2023). Compared to monolinguals, bilinguals 
from 7‐ to 18‐months‐old make more rapid first saccades toward 
pictures of faces presented with distractors (i.e., a face‐popout 
task, Gliga et al. 2009; Mercure et al. 2018; Mousley 

et al. 2023), and look more frequently to the face compared to 
distractors than monolinguals at 7 and 10 months (Mercure 
et al. 2018), but not at 15 and 18 months (Mousley et al. 2023). 
Importantly, social attention to faces and the face's internal 
features shifts along a timeline corresponding to milestones of 
language acquisition. For example, monolingual children's 
proportion of looking to eyes of talking faces peaks at 4‐month‐ 
olds and is surpassed by more mouth looking by 10‐month‐olds 
(Lewkowicz and Hansen‐Tift 2012). Allocating more attention 
to the mouth than the eyes by 10 months corresponds with a 
developmental period of intense phonological learning 
(Werker 2018) and the emergence of canonical babbling 
(e.g., Chandrasekaran et al. 2009; Lewkowicz and Kraebel 2004).

Crucially, shifts in mouth looking behavior are sensitive to early 
language experiences (Birulés et al. 2018; Mercure et al. 2018, 
2022; Pons and Lewkowicz 2014; Pons et al. 2015; Teinonen 
et al. 2008), with bilinguals looking longer than monolinguals to 
talking mouths both at earlier and later ages (e.g., 4 and 
12 months, Pons et al. 2015). Whilst watching speakers, 
monolinguals showed a preference for the eyes at 4 and 
8 months, whilst bilinguals looked equally to eyes and mouths 
at 4 months and more to the mouths than eyes at 8 months 
(Pons et al. 2015). Other studies using similar audiovisual 
speaking stimuli suggest no difference in mouth looking be
tween bilinguals and monolinguals in early infancy and child
hood (Mercure et al. 2019; Morin‐Lessard et al. 2019) — 
potentially because of within‐group variability of bilinguals' 
experiences, such as degree of similarity between their two 
native languages (Birulés et al. 2018).

Building on this, the current study leverages a large, diverse 
sample drawn from two age groups, encompassing bilingual 
children exposed to various language combinations, including 
close (e.g., English and Dutch) and distant language pairs 
(e.g., English and Arabic). Expanding previous studies that 
relied on averaged measures of looking behavior across time, we 
examine within‐trial temporal profiles of social attention of 
bilingual and monolingual children using both dynamic and 
static stimuli. This is important because previous research often 
reports differences in averaged measures (e.g., total looking time 
across many trials) and suggests differences between mono
linguals and bilinguals might relate to different visual strategies 
between the groups. However, probing group differences in vi
sual strategies requires measuring them directly. Here, we 
modeled directly trajectories of visual attention over stimulus 
time to examine whether children's language backgrounds or 
ages related to different visual strategies. We examined two age 
groups: infants aged 7–18 months and toddlers aged 18–34 
months. Previous research suggests that over this period, early 
language experience modulates social attention in aggregate‐ 
level constructs (e.g., proportion of total looking time to talk
ing mouths in the first year, Pons et al. 2015; speed of first look 
to static faces in the second year, Mousley et al. 2023). We 
therefore sought to investigate differences between mono
linguals and bilinguals' attentional trajectories over stimulus 
time which might underlie trial‐level differences. In line with 
existing literature, we predicted that bilingual participants 
would show (1) in a static face‐pop out task, early onset of 
fixations to faces compared to distractors compared to mono
linguals (Mousley et al. 2023) and, (2) when watching dynamic 
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videos, higher proportional looking time to mouths than 
monolinguals (Pons et al. 2015). These hypotheses were pre‐ 
registered on the Open Science Framework: https://osf.io/8j5cg.

We used data from two large studies to test the effect of early 
language experience on temporal profiles of social attention. A 
sample of 7‐ to 18‐month‐old infants (n = 131) included in‐ 
depth information about children's language backgrounds that 
allowed for a categorical distinction between monolinguals and 
bilinguals, alongside within‐group factors for each bilingual's 
experience, such as degree of bilingualism and language mixing 
scores (see Method for details). We expected degree of bilin
gualism and language mixing scores to be positively related to 
speed of orientation to faces and overall looking to mouths. A 
sample of 18‐ to 34‐month‐olds (n = 745) included toddlers with 
either an English‐speaking monolingual mother or bilingual 
mothers who spoke English and one of 83 different non‐English 
languages.

2 | Method

2.1 | Power Calculations

Power calculations were conducted to estimate the sample sizes 
required to detect bilingual effects on each task using traditional 
statistical methods (e.g., ANOVA) with 95% confidence (see 
Supporting Information S1 for more detail). Effect size estimates 
were used from previous literature reporting bilingual effects on 
similar tasks with same‐aged children. The calculations indi
cated a necessary sample of N = 99 for Face Pop‐Out and N = 52 
for the Dynamic Video task. We therefore had sufficient power 
in both infant (n = 131) and toddler (n = 745) age groups to 
detect effects of interest for both tasks.

2.2 | Participants

A total of N = 899 children between the ages of 7 and 18 months 
participated across two different age groups. A total of n = 23 
were excluded for failure to complete eye‐tracking tasks, 
resulting in a final sample of N = 876 datasets for analysis 
(n = 368 bilingual, see Figure 1). Data was collected by two 
different research teams located in London. Infants (7–18 
months) were recruited as part of bilingualism‐specific research 
projects at Birkbeck, University of London, and data from this 
sample have been written‐up elsewhere using traditional, 
aggregated statistical techniques (Mercure et al. 2018; Mousley 
et al. 2023). Toddlers (18–34 months) participated in the 
Developing Human Connectome Project at King's College 
London (Edwards et al. 2022). More detail about each age group 
below and in Supporting Information S1: Figures S1 and S2. The 
present study was conducted according to guidelines laid out in 
the Declaration of Helsinki, with written informed consent 
obtained from a parent or guardian for each child before any 
assessment or data collection. All procedures involving human 
subjects in this study were approved by UCL and Birkbeck 
ethics committees (for infant data) and United Kingdom Na
tional Research Ethics Authority (for toddler data).

2.3 | Infants (7‐ to 18‐Month‐Olds)

Data from infants (n = 131) aged 7‐ to 18‐months were collected 
across two studies at the Center for Brain and Cognitive 
Development at Birkbeck, University of London. Infants were 
recruited as monolinguals if they were exposed only to English, 
and as bilinguals if parents reported their children were regu
larly exposed to a non‐English language. Language background 
questionnaires with bilingual infants' parents were conducted to 
calculate their percentage of exposure to each language and 
their parents' tendency to mix languages when they speak to 
their children. See Table 1 for sample background characteris
tics and Figure 1 for list of non‐English languages.

2.3.1 | Language Exposure Questionnaire (“LEQ”)

The LEQ, designed by Bosch and Sebastián‐Gallés (1997) and 
used widely in developmental research on bilingualism (Car
bajal and Peperkamp 2020; DeAnda et al. 2016; Kalashnikova 
et al. 2020; Potter et al. 2018; Singh 2018; Singh and Tan 2020), 
takes between 10 and 15 min to administer. Parents are walked 
through an infant's typical day for each day of the week and 
asked which languages are spoken directly to their child at 
different times (i.e., home, nursery, during typical weekday and 
weekend activities). The number of hours an infant hears their 
two native languages is calculated and a percentage score of 
exposure to each language is produced. Each bilingual infant's 
percentage of language exposure was used to derive a “degree of 
bilingualism” calculated as the percentage of exposure to the 
less dominant language divided by percentage of exposure to the 
more dominant language (e.g., 40% English/60% Russian). Thus, 
a score near 1.0 indicates a 50/50 split, whilst a score closer to 
0.25 indicates a 20/80 split. Developmental research with 
bilingual children, when using categorical group inclusion, 
often defines bilingualism as a function of an infant's percentage 
of exposure to two languages (e.g., 20% English, 80% Spanish). 
However, the threshold necessary to be considered a bilingual 
child varies widely across studies (Byers‐Heinlein 2015). We 
were interested in whether previous findings about differences 
in bilinguals generalize to a heterogenous sample and therefore 
did not exclude children based on their degree of bilingualism. 
In infants, bilinguals on average reported a degree of bilin
gualism of M = 0.40 (SD = 0.18, min = 0.06, max = 0.96). Bi
linguals' average exposure to English was M = 53.35% 
(SD = 0.24, min = 6.65%, max = 93.35%). Bilinguals' average 
exposure to their non‐English language was M = 46.74% 
(SD = 0.24, min = 0.05%, max = 93.35%).

2.3.2 | Language Mixing Scales

Bilingual parents were also asked to complete a three‐ to five‐ 
minute language mixing scale. Parents were asked to rate, on 
a scale of zero (Never) to six (Always), how often they mixed 
their language use. Items included behaviors such as borrowing 
words from another language and code switching between two 
languages in the same sentence. This measure has been used 
previously in research on bilingualism (Byers‐Heinlein 2013; 
Byers‐Heinlein et al. 2020; Tsui et al. 2020). Bilingual parents 
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reported, on average, a language mixing score of M = 12.63 
(SD = 6.56, min = 1, max = 30) out of a total possible 36 points 
on the language mixing scale.

2.4 | Toddlers (18‐ to 34‐Month‐Olds)

Data from toddlers (n = 745) was accessed from the publicly 
available Developing Human Connectome Project, which is a 
longitudinal examination of neurodevelopment in children from 
the Greater London area that collects eye‐tracking data from 

18‐ to 34‐month‐olds (details and link to data found in Edwards 
et al. 2022). The primary research questions of the original 
project are not related to language background and extensive 
language background interviews were not conducted. However, 
all toddlers were being raised in the Greater London area of the 
United Kingdom and therefore had some experience with En
glish, but many were also likely from diverse early language 
backgrounds. The dataset lists the first language of each par
ticipant's mother and father, which was used to categorize 
toddlers' mothers as either monolingual English‐speakers or 
bilingual users of English and a non‐English language (see 

FIGURE 1 | Non‐English languages of bilingual infants and toddlers' bilingual mothers. 7‐ to 18‐month‐old bilingual infants (n = 131) non‐English 
languages represented in yellow. 18 to 34‐month‐old (n = 745) toddlers' bilingual mothers' non‐English languages represented in blue. Some children 
were exposed to more than one non‐English language and therefore appear more than once on this list. Languages listed as written by parents. 
(A) Shows languages used by more than one participant. (B) Shows languages used by only one participant.

TABLE 1 | Sample background characteristics.

Gender Age (days)
(Number girls) M (SD) Min–Max

Infants (7–18 months)

Monolinguals (n = 72) n = 32 420.22 (127.93) 222–577

Bilinguals (n = 59) n = 24 395.73 (127.38) 221–557

Toddlers (18–34 months)

Monolingual mother (n = 436) n = 210 582.02 (75.29) 457–1037

Bilingual mother (n = 309) n = 139 571.92 (63.32) 520–1039

Total

Monolingual or with a monolingual mother (n = 508) n = 242 560.20 (99.31) 222–1037

Bilingual or with bilingual mother (n = 368) n = 163 540.17 (104.04) 221–1039
Note: All data here lists parental report of their children's gender, though data from toddlers appear to report biological sex (i.e., as male vs. female). Across all children, 
gender/sex were only ever reported along the binary of boy/girl and male/female. We report this information here as “gender” for continuity, as we assume this was the 
intention for both age groups. Toddlers were classified according to mothers' language use (i.e., monolingual English‐speakers or bilingual users of English and a 
non‐English language).
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Figure 1). The nature of the language group variable was 
therefore different in the sample of toddlers than in infants: 
bilingual infants were categorized according to direct quantifi
cation of early language exposure, whilst toddlers were grouped 
according to mothers' language status as a proxy for possible 
bilingualism of the toddler. In toddlers, there was one instance 
where a mothers' first language was unknown, but the partici
pant was noted as only hearing English at home, so this child 
was classified as having a monolingual mother. In one instance, 
a toddler's mother was listed as a native English speaker but also 
had a non‐English first language listed. This toddler was clas
sified as having a bilingual mother. See Figure 1 for full list of 
bilingual mothers' non‐English languages.

All analyses with toddlers were first run as a comparison be
tween those whose mothers were monolingual versus bilingual; 
however, it was later considered that calculating a numeric 
score for language group may more accurately reflect the het
erogeneity of the data. In an exploratory step, all models in 
toddlers were run with language experience as a numeric pre
dictor, such that toddlers with two monolingual parents were 
assigned a score = 0, one native non‐English parent (either 
mother or father) as = 1, and two native non‐English par
ents = 2. Results for numeric group definition are included in 
Supporting Information S1.

2.5 | Stimuli and Procedure

Eye‐tracking data were collected using either a Tobii T120 (n = 46) 
or a TX300 (n = 85) eye‐tracker (Tobii, Danderyd, Sweden). TX300 
data were acquired at a maximum sampling rate of 300 Hz. For the 
T120 data, n = 25 were collected at 60 Hz and n = 21 at 120 Hz. 
Analyses did not reveal differences in left or right eye accuracy 
between participants collected at 60 versus 120 Hz (left eye: 
t(42.07) = 1.75, p = 0.087; right eye: t(42.38) = 1.89, p = 0.065). 
Infant data were collected either in TobiiStudio (n = 46) or using a 
custom‐written stimulus presentation framework (n = 85) 
running in MATLAB using Psychtoolbox 3 (Brainard 1997; 
Kleiner et al. 2007) and the GStreamer library for video decoding 
(gstreamer.freedesktop.org). Raw gaze was recorded and pro
cessed with Tobii Gaze Analytics SDK 3.0. Eye‐tracking data were 
collected while participants passively viewed stimuli in the 
following two experiments:

1. Face Pop‐Out: Trials presented static arrays containing 
one face of different genders and races, a scrambled face, a 
car, a bird, and a mobile phone for approximately 10 s 
(Gliga et al. 2009; Mercure et al. 2018; Mousley et al. 2023). 
Placement of areas were randomized in each trial (see 
Figure 2A for an example of one trial, anonymized stimuli 
slides found on OSF: https://osf.io/8j5cg).

2. Dynamic Video: A 40‐s excerpt from “50 People, One 
Question Brooklyn”, containing interviews with 13 people, 
balanced by gender, on the street answering the question 
“Where would you wish to wake up tomorrow?” whilst 
relaxing piano music plays in the background (Võ 
et al. 2012; see Figure 2B). Faces were talking for 
approximately 60.25% of the total trial time, during which 
their spoken language was audibly presented above the 

quiet background music as is standard in previous research 
(Del Bianco et al. 2022).

All participants sat centrally approximately 60 cm away from 
the screen. Five‐point calibration was performed before stim
ulus presentation began. For both age groups, static and dy
namic face task blocks were interleaved with other eye‐tracking 
tasks to maintain children's attention. A central fixation point 
containing a neutral object (e.g., schematic ball, cartoon 
house) occurred between each trial. The battery progression was 
gaze contingent such that the participant was required to fixate 
on the central point before the next trial was presented. All 
children were presented with eight static Face Pop‐Out trials 
and saw 40‐s of the Dynamic Video.

2.6 | Data Processing

Areas of interest (“AOIs”) were manually drawn on the static face 
areas in the Face Pop‐Out task and on each frame of the Dynamic 
Video task. Gaze samples were collected at 60, 120, or 300 esti
mates per second as determined by the sampling rate of the eye‐ 
tracker (see above). Each gaze sample was scored according to 
whether the child's gaze fell within any of the AOIs. The Face Pop‐ 
Out task was presented as eight discrete trials. The Dynamic 
Video task was coded in ELAN video coding software to mark the 
onset of appearance of each individual face over the 40‐s total 
duration of the video (ELAN 2019). These timestamps were used 
to segment the gaze data into 13 scenes in which faces were 
present. For both tasks, gaze samples were grouped into half‐ 
second time bins, and proportional looking time (“PLT”) was 
calculated for each group. PLT was defined as the number of gaze 
samples within the area of interest divided by the total number of 
valid gaze samples, with exclusion of time bins with > 75% 
missing data. Due to a technical error during eye‐tracking 
acquisition for infants' Face Pop‐Out task, one sample (second 
10.807952) was corrupted and therefore excluded for all infants.

2.6.1 | Quality Checks

Data were checked to ensure no systematic differences in 
quality across age groups. There were no participants in either 
age group or either task where all scenes/trials were excluded. 
Sample‐level missing gaze data were not available for the Face 
Pop‐Out task for n = 46 infant participants collected in 
TobiiStudio. For these participants, those who looked at the 
entire slide for less than one second were excluded (as in 
Mercure et al. 2018). In neither infants nor toddlers did the 
proportion of missing data for Face Pop‐Out slides (see Sup
porting Information S1: Tables S2 and S3) or the Dynamic Video 
(see Supporting Information S1: Tables S4 and S5) differ by age, 
gender, or language group.

2.7 | Statistical Analysis

Growth curve analysis (“GCA”) was applied to examine differ
ences in attention to static faces (Hypothesis 1: Face Pop‐Out) 
and dynamic mouths (Hypothesis 2: Dynamic Video) between 
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monolingual and bilingual children (Del Bianco et al. 2022; 
Mirman et al. 2008). GCA models the change in fixation pro
portions over stimulus time by incorporating orthogonal poly
nomials of time as fixed effects, capturing nonlinear trends in 
gaze behavior. This allows us to assess how attention unfolds 
dynamically and how it interacts with key predictors such as 
language background. For a visual representation of temporal 
trends as measured by polynomials, see Supporting Information 
S1: Figure S2 (Del Bianco et al. 2021).

To account for individual variability, we implemented GCA 
within a mixed‐effects framework, including random intercepts 
per participant (see Supporting Information S1: Table S6). Age 
and gender, both shown in research with older children to affect 
temporal profiles of attention (Del Bianco et al. 2022), were 
tested as covariates before building models of interest, and re
sults of covariate Likelihood Ratio Tests can be found in Sup
porting Information S1 (see Tables S7 and S18 for infants, S13 
and S25 for toddlers). Significant covariates were then included 
in the models of interest, which included polynomial compo
nents and their interaction with children's language group (see 
Supporting Information S1: Table S6). The models were fit using 
maximum likelihood estimation and assessed for goodness of fit. 
Temporal trends across all children are reported from main 
effect models (model construction 4 in Supporting Information 
S1: Table S6 for Face Pop‐Out and 3 for Dynamic Video, see 
Supporting Information S1: Tables S8 and S19 for infants, S14, 
and S26 for toddlers). Post‐hoc analyses were conducted to 
explore the nature of any significant effects observed.

Original scripts written by Del Bianco et al. (2022) can be found 
at https://github.com/vmousley/GCA and were adapted for the 
samples in this study. Following Del Bianco et al. (2022), 
orthogonal polynomials of stimulus presentation time were 
computed up to degree three for Face Pop‐Out and degree two 
for the Dynamic Video. Degree three polynomials account for 
three shifts in attentional focus (linear, quadratic, and cubic 
components), while degree two captures two shifts (linear and 
quadratic components). This approach allows for a fine‐grained 
examination of how gaze behavior evolves throughout the trial 
and how bilingual and monolingual children differ in their so
cial attention patterns.

Language differences in temporal attention profiles were 
modeled using a stepwise addition procedure with Likelihood 
Ratio Tests (Lai et al. 2013; Del Bianco et al. 2022; see Sup
porting Information S1: Table S6 for detail). For each task, 
group differences were first examined in infants aged 7–18 
months, where language background interviews allowed for 
categorization of children as either monolingual or bilingual. 
When significant group differences emerged, within‐group 
variability was explored based on degree of bilingualism—as 
measured by the LEQ (Bosch and Sebastián‐Gallés 1997), the 
ratio of exposure to the less dominant versus more dominant 
language, for example, 20% English/80% Russian = 0.25—and 
the degree to which parents reported mixing their two lan
guages when speaking with their children. Within‐group results 
are reported in the Supporting Information S1 (see Tables S10 
and S24). Group differences were then tested in toddlers aged 
18–34 months according to the pre‐registered plan. A summary 
of results is provided in Table 2.

Finally, four exploratory analyses were conducted. Age effects 
were tested on a collapsed sample of infants and toddlers (see 
Supporting Information S1: Tables S29–S32) for both tasks. For 
the Dynamic Video, within both infants and toddlers separately, 
age and language group effects were tested on looking to the eye 
and overall face areas of interest (see Supporting Information 
S1: Tables S33–S40). Bilingual infants' percentage of exposure to 
English, the language used by the Dynamic Video stimuli, was 
also explored in relation to mouth‐looking (see Supporting In
formation S1: Table S24). Finally, distance between language 
pairs was explored in relation to looking to face (see Supporting 
Information S1: Tables S41–S43) and mouths (see Supporting 
Information S1: Tables S41, S44, and S45).

3 | Results

3.1 | Face Pop‐Out: Looking to Faces

3.1.1 | Infants (7‐ to 18‐Month‐Olds)

3.1.1.1 | Average Profiles. There was a significant effect of 
age on face looking such that younger infants looked more to 

FIGURE 2 | Depiction of face Pop‐Out and dynamic video tasks. (A) Face Pop‐Out slide containing five static areas of interest, including a face of 
different races and genders, smiling softly and making direct eye‐contact. (B) Dynamic Video still frames. Participants were recorded answering the 
question: “Where would you wish to wake up tomorrow?”
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the face than older infants (Age, Coef = −2.48 × 10−4 

[−3.57 × 10−4 ~ −9.63 × 10−6], SE = 9.61 × 10−5, p = 0.011, see 
Supporting Information S1: Tables S7–S12). There were no 

differences in monolingual and bilingual face looking at an 
aggregate level (p = 0.197, see Supporting Information S1: Ta
bles S9 and S12).

TABLE 2 | Summary of primary results.

Average profile (intercept) Dynamic profile (polynomial)
Age Gender Language group Age Language group

Face pop‐out: Looking to faces (hypothesis 1)

Infants: 
7–18 
months

Overall more face‐ 
looking in 

younger > older 
infants (age, 
p = 0.011)

n.s. n.s. Early return to face 
stronger in 

younger > older 
infants (quadratic x 

age, p < 0.001) 
Later return to face 

stronger in 
older > younger 

infants (cubic x age, 
p < 0.001).

Net decline in face‐looking 
from start to end steeper in 
bilinguals > monolinguals 
(slope × language group, 

p = 0.016)

Toddlers: 
18–34 
months

Overall more face‐ 
looking in 

younger > older 
toddlers (age, 

p = 0.040)

n.s. n.s. Initial decline in 
face‐looking after 

early peak stronger 
in younger > older 
toddlers (quadratic 
x age, p = 0.007) 

Later return to face 
stronger in 

younger > older 
toddlers (cubic x 
age, p = 0.016) 

Net decline in face‐ 
looking from start to 

end stronger in 
younger > older 

toddlers 
(slope × age, 

p < 0.001)

n.s.

Dynamic video: Looking to mouths (hypothesis 2)

Infants: 
7–18 
months

Overall more 
mouth‐looking in 
older > younger 

infants (age, 
p < 0.001)

Overall more 
mouth‐looking 
in girls > boys 

(gender, 
p = 0.025)

n.s. n.s. Net decline in mouth‐ 
looking from start to end 

steeper 
bilinguals > monolinguals 
(slope × language group, 

p = 0.029)

Toddlers: 
18–34 
months

n.s. n.s. Overall more mouth‐ 
looking in those with 

bilingual > monolingual 
mothers (language group, 

p < 0.001)

n.s. Increase in mouth‐looking 
from start to end stronger 

in those with 
bilingual > monolingual 

mothers (slope × language 
group, p = 0.019) 

Trend of stronger late peak 
in mouth‐looking in those 

with 
bilingual > monolingual 

mothers 
(quadratic × language 

group, p = 0.085)
Note: n.s. indicates non‐significant effects. Language group in infant sample calculated according to direct measurement of the infants' early language exposure to English 
(monolingual) or English and another non‐English language (bilingual). In toddlers, language group was measured in terms of mothers' first language (i.e., monolingual 
if English, bilingual if non‐English).
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3.1.1.2 | Temporal Profiles. The model indicated that, in 
both bilingual and monolingual groups, infants oriented their 
attention to the face first before shifting their attention away to 
another area in the array (Quadratic, Coef = 0.06 [0.03–0.08], 
SE = 0.01, p < 0.001, see Supporting Information S1: Table S8). 
The rate of disengagement from the face across the trial differed 
between groups, with the overall net decline in face‐looking 
significantly steeper in bilinguals than monolinguals (Slope ×
Language Group interaction, Coef = −0.07 [−0.13 ~ −0.01], 
SE = 0.03, p = 0.016, see Supporting Information S1: Table S12). 
Bilinguals' steep slope indicated that they were quicker to stop 

focusing on the face compared to the more gradual decline over 
stimulus time observed in monolinguals (see Figure 3A, see 
Supporting Information S1: Table S12). A later return of 
attention to the face was observed in both groups (Cubic, 
Coef = −0.05 [−0.08 ~ −0.02], SE = 0.01, p < 0.001, see 
Supporting Information S1: Table S8), demonstrating a second 
shift in focus as children re‐engaged with the face.

Age significantly influenced both average attention and tem
poral profiles, improving model fit when included as an inter
action term with third‐degree polynomials (see Supporting 

FIGURE 3 | Growth curve models for face‐looking—Both age groups. Representation of growth curve models for attention trajectories to faces in 
Face Pop‐Out in both age groups. Percentage looking time calculated as percentage of samples falling within face area out of total number of valid 
samples averaged per 0.5‐s time bin. (A) Representation of best fit model for infants (see Supporting Information S1: Table S12). Color represents 
interaction between age as a continuous variable and temporal profiles. Black lines represent average estimate for age grouped by months. Left 
pane shows fit in monolinguals and right pane in bilinguals. (B) Representation of best fit model for toddlers (see Supporting Information S1: 
Table S17). Toddlers with both monolingual and bilingual mothers are grouped as models revealed no effect of language group. Color represents 
interaction between age as a continuous variable and temporal profiles. Black lines represent average estimate for age grouped by months.
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Information S1: Tables S11 and S12). Age modulated the timing of 
attention shifts, with younger infants showing a stronger early 
return to faces (Quadratic × Age interaction, Coef = 4.44 × 10−4 

[2.24 × 10−4 ~ 6.22 × 10−4], SE = 1.02 × 10−4, p < 0.001, see 
Supporting Information S1: Table S12), whilst older infants' later 
peak was later in stimulus time (Cubic × Age interaction, 
Coef = −5.99 × 10−4 [−8.05 × 10−4 ~ −3.83 × 10−4], 
SE = 1.09 × 10−4, p < 0.001, see Supporting Information S1: Table 
S12). The overall decline in attention to the face from the start to 
the end of the trial—stronger in bilinguals than monolinguals, but 
evident across all infants—was not affected by age (Slope × Age 
interaction, p = 0.588, see Supporting Information S1: Table S12). 

These findings suggest that as all children grow, their attentional 
re‐engagement with faces shifts to later points in stimulus time.

3.1.2 | Toddlers (18‐ to 34‐Month‐Olds)

3.1.2.1 | Average Profiles. There was a significant effect of 
age such that younger toddlers looked more to faces overall than 
older toddlers (Age, Coef = −1.47 × 10−4 [−2.88 × 10−4 

~ −6.88 × 10−6], SE = 7.17 × 10−5, p = 0.040, see Supporting In
formation S1: Tables S13, S15–S17, see Figure 3B). There were no 

FIGURE 4 | Growth curve models for mouth looking—Both age groups. Representation of growth curve models for attention trajectories to 
mouths in the Dynamic Video task in both age groups. Percentage looking time calculated as percentage of samples falling within face area out 
of total number of valid samples averaged per 0.5‐s time bin. (A) Representation of best fit model for infants (see Supporting Information S1: 
Table S23). Color represents main effect of age. Black lines represent average for each language group. Left pane shows fit in boys and right pane 
in girls. (B) Representation of best fit model for toddlers (see Supporting Information S1: Table S28). Orange line represents estimates for toddlers 
with a bilingual mother and blue for those with a monolingual mother.
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language group differences in looking to faces at an aggregate 
level (p = 0.931, see Supporting Information S1: Table S15).

3.1.2.2 | Temporal Profiles. All toddlers showed high 
initial attention to the face followed by a relative decrease 
(Quadratic, Coef = 0.13 [0.12–0.15], SE = 0.01, p < 0.001, see 
Supporting Information S1: Table S14) and a later peak in 
returning to the face (Cubic, Coef = −0.11 [−0.12 ~ −0.10], 
SE = 0.01, p < 0.001, see Supporting Information S1: Table S14). 
Across the trial, there was an overall net decline in face‐looking 
from start to finish (Slope, Coef = −0.21 [−0.23–7.38 × 10−5], 
SE = 0.01, p < 0.001, see Supporting Information S1: Table S14). 
Younger toddlers showed a stronger initial decline in face 
looking than older toddlers after the early peak (Quadratic ×
Age interaction, Coef = −2.44 × 10−4 [−4.20 × 10−4 ~ −6.76 ×
10−5], SE = 8.98 × 10−5, p = 0.007, see Supporting Information 
S1: Table S17), stronger later return to the face (Cubic × Age 
interaction, Coef = 2.02 × 10−4 [3.87 × 10−5 ~ 3.65 × 10−4], 
SE = 8.32 × 10−5, p = 0.016, Supporting Information S1: Table 
S17), and more overall disengagement from start to end than 
older toddlers (Slope × Age interaction, Coef = 4.40 × 10−4, 
[2.42 × 10−4 ~ 6.38 × 10−4], SE = 1.01 × 10−4, p < 0.001; 
Supporting Information S1: Table S17). No significant 
differences were found between those with a monolingual 
versus a bilingual mother (see Supporting Information S1: 
Table S15).

3.2 | Dynamic Video: Looking to Mouths

3.2.1 | Infants (7‐ to 18‐Month‐Olds)

3.2.1.1 | Average Profiles. Age and gender significantly 
influenced average mouth looking, with older girls looking longer 
to mouths overall than younger boys (Age, Coef = 4.32 × 10−4 

[2.53 × 10−4 ~ 6.10 × 10−4], SE = 9.11 × 10−5, p < 0.001; Gender, 
Coef = −0.05 [−0.10 ~ −0.01], SE = 0.02, p = 0.025, see Supporting 
Information S1: Tables S18–S21). There were no differences in 
mouth looking between language groups at an aggregate level 
(p = 0.134; see Supporting Information S1: Table S23).

3.2.1.2 | Temporal Profiles. Monolinguals' attention to the 
mouths was not significantly predicted by any of the polynomial 
predictors, suggesting that monolinguals' mouth‐looking 
remained stable and that they did not systematically engage 
with the mouth in a way that followed the trial's temporal 
dynamics (see Supporting Information S1: Tables S20 and S23). 
There was an interaction between the timing of attentional 
shifts and language group (see Supporting Information S1: 
Table S20), driven by bilinguals' general bias for the mouth that 
gradually decreased with stimulus time as they redirected their 
attention to other areas (Slope × Language Group interaction, 
Coef = −0.03 [−0.06 ~ −3.58 × 10−3], SE = 0.01, p = 0.029, see 
Supporting Information S1: Table S23).

3.2.2 | Toddlers (18‐ to 34‐Month‐Olds)

3.2.2.1 | Average Profiles. Toddlers with a bilingual 
mother showed significantly more mouth‐looking overall than 

those with a monolingual mother (Language Group, 
Coef = 0.04 [0.02 ~ 0.07], SE = 0.01, p < 0.001, see Supporting 
Information S1: Tables S27 and S28).

3.2.2.2 | Temporal Profiles. The model indicated an over
all increase in attention to mouths from the beginning to the end 
of the trial for all toddlers (Slope, Coef = 0.08 [0.07–0.09], 
SE = 0.01, p < 0.001, see Supporting Information S1: Table S26), 
suggesting a gradual engagement with the mouth over stimulus 
time. This increase was significantly steeper in those with a 
bilingual mother compared to those with a monolingual mother 
(Slope × Language Group interaction, Coef = 0.03 [0.00–0.05], 
SE = 0.01, p = 0.019, see Supporting Information S1: Table S28 and 
Figure 4B), indicating that toddlers with a bilingual mother were 
more likely than those with a monolingual mother to shift 
attention dynamically toward the mouth throughout the trial. 
Additionally, a late peak in mouth‐looking was observed for all 
toddlers (Quadratic, Coef = −0.11 [−0.12 ~ −0.10], SE = 0.01, 
p < 0.001, see Supporting Information S1: Table S26), reflecting 
a non‐linear pattern where gaze initially increased, then briefly 
decreased, before returning to the mouth later in the trial. 
There was a trend suggesting that this late re‐engagement was 
stronger in those with a bilingual than a monolingual mother 
(Quadratic x Language Group interaction, Coef = −0.02 
[−0.04 ~ −0.00], SE = 0.01, p = 0.085; see Supporting 
Information S1: Table S28), though this effect did not reach 
significance. This pattern suggests that toddlers with a bilingual 
mother engage in dynamic allocation of attention, with a 
steeper increase in mouth‐looking over stimulus time and 
possibly in later re‐engagement compared to those with a 
monolingual mother.

4 | Discussion

This study examined the temporal dynamics of face‐looking in a 
large, language‐diverse group of children. The results reveal 
structured patterns of attentional shifts influenced both by 
language experience and age. Broadly, effects of bilingualism on 
attentional trajectories were characterized by stronger system
atic disengagement with social stimuli over trials compared to 
monolinguals at 7–18 months, and stronger increasing alloca
tion to mouths over stimulus time in 18‐ to 34‐month‐olds with 
bilingual mothers compared to those with monolingual 
mothers. 7‐ to 18‐month‐olds’ trajectories of attention to static 
faces, but not to dynamic mouths, over stimulus time also 
showed a clear developmental shift with age, where older in
fants re‐fixated on the face later into stimulus time than younger 
infants.

4.1 | Face Pop‐Out and Face Looking

The Face Pop‐Out task was designed to assess children's ori
enting to faces compared to non‐faces in a static array (Gliga 
et al. 2009). Across both language and age groups (7‐ to 18‐ 
month‐old infants and 18‐ to 34‐month‐old toddlers), children 
initially oriented to faces before shifting attention away and 
later returning, as captured by the quadratic and cubic patterns 
(see Supporting Information S1: Table S8 for infants and S14 for 
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toddlers). Bilingual infants showed a steeper negative slope of 
face‐looking over stimulus time compared to monolinguals, 
characterized by an initial strong preference for the face before 
disengaging and freeing up their attention to look elsewhere 
(see Figure 3A). In contrast, monolingual infants' trajectory of 
looking to faces was flatter and more similar at the start and end 
of the trial than bilingual infants'. Bilingual infants' faster rate of 
change compared to monolinguals may reflect greater atten
tional flexibility, a pattern that aligns with the theory that bi
linguals' varied language environments might drive a stronger 
earlier orienting response and similar later engagement with 
faces compared to monolinguals. Within the infant bilingual 
group, neither patterns of children's language exposure nor 
parental language mixing predicted individual differences in 
attentional shifts away from faces (see Supporting Information 
S1: Table S10). While bilingual disengagement from the face 
was not directly explained by variation in bilingual experience 
within the infant sample, the bilingual effect on gaze shifts may 
reflect broader attentional adaptations rather than differences in 
individual exposure. This pattern suggests that even little but 
regular exposure to two languages could lead to adaptations in 
attentional profiles, and that such adaptations might not be 
“dose‐dependent.”

Stronger visual disengagement in bilinguals than monolinguals 
is consistent with D'Souza et al. (2020), who found that 7‐ to 
9‐month‐old bilinguals more readily disengaged from one (non‐ 
social) stimulus to another and more often switched their 
attention between familiar and novel stimuli than same‐aged 
monolinguals. Such an adaptation could serve to maximize bi
linguals' access to important social and linguistic cues like au
diovisual congruence (Mercure et al. 2019), non‐speech facial 
information (Fort et al. 2017), and language‐specific articulatory 
information found on the mouth (Sebastián‐Gallés et al. 2012; 
Weikum et al. 2007). López‐Pérez et al. (2020) found that 
receptive language scores at 24 months were associated with 
visual fixation patterns on Face Pop‐Out at 6 to 7 months. 
Specifically, they reported a negative link between refixation on 
areas of Face Pop‐Out slides at 6 to 7 months and receptive 
language skills at 24 months. Instead, visiting more object areas 
on the screen was statistically predictive of later receptive lan
guage skills. This indicates that increased drive to explore novel 
non‐social objects, facilitated by a freeing up of attention after 
initial orientation to the face, might support early language 
development in the first 2 years of life (López‐Pérez et al. 2020). 
The current finding adds to this result by suggesting that 
bilingual infants show significantly stronger propensity to 
disengage their attention from faces and explore other objects 
than monolinguals, which could constitute a bilingual‐specific 
adaptation in visual strategy that supports bilinguals' dual‐ 
language learning goals. However, future research is required 
to replicate the longitudinal link between visual attention pat
terns shown here and language development, and to determine 
if this relationship is quantitatively different in children 
learning one language compared to those learning two.

The data here also revealed that, regardless of variability in 
children's early language experiences, dynamic allocation of 
attention to static faces showed strong developmental shifts 
within age groups (see Supporting Information S1: Tables S11 
and S12 for infants and Supporting Information S1: Tables S16 

and S17 for toddlers). In both age groups, younger children 
looked more to the face overall than older children, and the 
timing of attentional trajectories were age sensitive. In infants, 
younger children showed a stronger re‐capture by the face 
earlier in the trial compared to older children, who showed a 
later return to the face. In contrast, toddlers exhibited a gradual 
decline in attention, with later return to the face. Broadly, two 
interconnected neurocognitive processes are thought to support 
attention to faces (Morton and Johnson 1991; M. H. Johnson 
et al. 2015): a subcortical pathway present at birth but active 
across the lifespan (Burra et al. 2014; Senju and Johnson 2009) 
that supports reflexive orientation to faces early in life, and a 
later‐to‐mature cortical network specialized for processing the 
information faces provide (e.g., about a person's emotional state 
or identity, M. Johnson 2005, 2011; M. H. Johnson et al. 2015). 
The age‐modulated trajectories in infant and toddlers' attention 
to faces found here are by no means direct evidence for either 
mechanism; however, they are consistent with previous findings 
that suggest faces automatically capture attention over non‐ 
faces (e.g., Gliga et al. 2009; Elsabbagh et al. 2013; Mercure 
et al. 2018; Mousley et al. 2023) and that later looking to faces 
might reflect the social relevance of the face or ongoing infor
mation processing (Frank et al. 2011; Gliga and Csibra 2007; 
Mirman et al. 2008). Another study found that 3‐ to 9‐month‐old 
infants' looking to faces in animated videos increased with age 
(Frank et al. 2009). This finding was replicated by Frank 
et al. (2014), who also showed that infants' amount of face 
looking was correlated with infants' performance on a visual 
search task. A longitudinal study by Tomalski et al. (2021) also 
reported that children show more sequential fixations, consec
utively fixating on the same location (e.g., more in‐depth scan
ning of one area), and a higher overall percentage of re‐fixations 
(e.g., revisiting of previously fixated areas) when viewing social 
(but not non‐social) stimuli at 11 months than they did at 5.5 
months. The age patterns found here align with Tomalski 
et al. (2021), suggesting that visual scanning patterns for social 
information may become more complex and more structured 
with age.

4.2 | Dynamic Video and Mouth Looking

All participants demonstrated structured gaze patterns toward 
the mouth; however, key differences emerged in how and when 
children engaged with the mouth based on their age and their 
language backgrounds. 7‐ to 18‐month‐old infants showed an 
early peak in mouth‐looking followed by a gradual decline that 
was particularly strong in bilinguals (see Table 2 and 
Figure 4A). This pattern mirrors bilinguals' stronger disen
gagement from faces compared to monolinguals in the same age 
group (see Table 2). Young infants — especially those growing 
up learning multiple languages — may extract visual informa
tion available on the mouth early in viewing, then shift atten
tion elsewhere as the trial progresses. The bilingual 
disengagement effect for mouths might be interpreted in much 
the same way as for faces (see discussion of López‐Pérez 
et al. 2020 above). Between 7 and 18 months, effects of bilin
gualism on the temporal structuring of social attention, both to 
faces and to mouths, may be characterized by stronger disen
gagement in bilinguals than monolinguals after a period of 
initial orientation. This could permit bilinguals to more rapidly 
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forage other areas of the visual field for relevant information. 
However, 18–34 months‐olds with bilingual mothers (but not 
with monolingual mothers) showed a gradual increase in 
mouth‐looking over stimulus time. A similar pattern was re
ported in a 5‐year‐old sample by Birulés et al. (2024), who found 
that Catalan‐Spanish bilinguals looked more to mouths from the 
start to the end of audiovisual speech production trials than 
Spanish monolinguals. Future studies might investigate within‐ 
trial shifts in mouth looking in relation to target activation 
trajectories seen in linguistic processing (see Supporting Infor
mation S1: Table S28 and Figure 4; Mirman et al. 2008). Another 
study by Tsang et al. (2018) found that relative preference for 
the mouth over the eyes was positively related to expressive 
language skills of 6‐ to 12‐month‐old monolingual and bilingual 
children. As children develop, they may become more deliberate 
in directing attention to the mouth to support their specific 
language processing demands, rather than relying on an early, 
reflexive preference.

Despite clear language group differences in mouth‐looking stra
tegies, similarly to face‐looking, within‐group bilingual infant 
analyses showed no significant relationship between infants' de
gree of bilingual exposure or parental language mixing and gaze 
patterns (see Supporting Information S1: Table S24). Mouth 
looking in the Dynamic Video were also not related to bilingual 
infants' percentage of exposure to English, which was the lan
guage used in the video when speech occurred (see Supporting 
Information S1: Table S24). It might be that bilingual effects on 
mouth‐looking are driven by broad developmental adaptation, 
rather than one that is directly shaped by fine‐grained individual 
differences in exposure. Indeed, even a small amount of second 
language exposure (e.g., 5% Spanish/95% English) constitutes 
many hours of second language exposure for a bilingual child and 
may be enough for children to recognize the complexity of their 
language environment (Kuhl et al. 2003). Even a relatively small 
degree of bilingual language exposure could trigger attentional 
adaptations regardless of the extent to which their input is 
balanced between their two languages.

At an average level, toddlers with a bilingual mother looked 
more to mouths overall than those with a monolingual mother, 
an effect that was not present in bilingual compared to mono
lingual infants. Previous literature on group effects in overall 
mouth‐looking are mixed: for example, Pons et al. (2015) report 
more mouth‐looking in bilinguals than monolinguals at ages 4 
and 12 months, whilst others do not report group differences at 
7–10 months (Mercure et al. 2022) nor at 5 months, 9 months, 
12 months, 14 months, 2 years, 3 years, or 4–5 years (Morin‐ 
Lessard et al. 2019). It might be that divergent findings are 
related to methodological precision. In the present study, some 
analyses revealed that bilinguals' attentional trajectories to faces 
over stimulus time differed significantly from monolinguals 
even when average‐level group differences were absent (see 
Table 2). Where traditional statistical methods do not report 
average‐level effects, it may be important to consider whether 
retaining time‐series information allows for a more suitable test 
of effects of interest. Maximizing analytical granularity is 
particularly useful where effects may be inconsistent or hard to 
detect, as is often the case in developmental eye‐tracking 
research. Where average‐level group differences are reported, 
time series techniques can provide insight into what underlying 

dynamics might drive them. For example, in the present study, 
toddlers with bilingual mothers look more to mouths than those 
with monolingual mothers overall. Modeling of temporal pro
files across stimulus time suggests this average‐level difference 
is driven by those with bilingual mothers showing a sharper 
linear increase in mouth‐attention over time than those with 
monolingual mothers.

4.3 | Limitations and Future Directions

It is important to highlight that the toddlers in this study were 
classified according to their mothers' first language, either as 
English‐speaking monolinguals if their first language was En
glish, or as bilingual users of English and a second non‐English 
language if their first language was not English. This was the 
best measure of likely bilingual experience available in the toddler 
cohort but, because the data was made available from a study that 
was not designed to test language group differences, it was not 
possible to characterize toddlers' own degree of exposure to a non‐ 
English language. Participants in the infant group were recruited 
specifically for studies investigating early experiences of bilin
gualism, and in‐depth language input profiles were available for 
these children. Given this, language group effects should be 
interpreted within age groups (i.e., infants separately from tod
dlers) and should not be considered direct evidence of develop
mental effects of bilingualism across the full age range. For 
example, bilinguals showed more rapid disengagement from 
faces compared to monolinguals in the infant group, but this 
result was not present in toddler group. It could be that bilingual 
effects diminish with age or that the imprecise classification of 
bilingualism in toddlers obscures a meaningful effect that is truly 
present. The results of this study cannot be interpreted either way. 
Future research might seek to clarify this point.

It is also important to highlight that bilingualism exists on a 
continuum, and debate exists about the validity of categorical 
group distinction between bilinguals versus monolinguals 
(Kremin and Byers‐Heinlein 2021). Here, for the sake of conti
nuity given the limited information available about toddlers' 
early language input, the present study implemented categorical 
group distinction in both samples. For infants with direct 
measures of bilingual experience, when differences across lan
guage groups emerged, within‐group effects in bilinguals (i.e., 
degree of bilingualism and language mixing) were explored. 
Future research which quantifies bilingual experience as a 
continuous variable may be better suited to identify what drives 
bilingual‐specific effects. This is particularly important given 
that sources of within‐group variability have been shown to play 
a part in bilinguals' early social attention. For example, bi
linguals' attention to speakers' mouths is sensitive to the dis
tance, or the degree of difference, between their two native 
language pairs. In 4‐ to six‐month‐olds and 15‐month‐olds, 
Birulés et al. (2018) report that close‐language bilinguals 
showed a stronger preference for the mouth over the eyes than 
distant‐language bilinguals. It might be that bilinguals learning 
two languages which are similar to each other (e.g., Spanish and 
Catalan) rely more on the redundant audiovisual speech cues of 
a speaker's mouth than do those learning two more distant 
languages (e.g., Spanish and Russian). The present study was 
not designed to test effects of language distance and instead took 
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a somewhat opposite approach, testing between‐group differ
ences in monolinguals compared to a large, heterogenous group 
of children with bilingual experience or with a bilingual mother 
(see Figure 1). The strength of this approach is that the effects 
reported here emerge across a wide variety of early bilingual 
experiences. Post‐hoc analyses revealed no differences based on 
broadly defined language pair distances (see Supporting Infor
mation S1: Tables S41–S45). These findings would be com
plemented by future investigations designed to test language 
distance effects on bilinguals' temporal profiles of attention to 
mouths a priori.

The nature of the Dynamic Video task should also be consid
ered. The stimuli contained more variability than is typical in 
bilingual eye‐tracking studies, which tend to use stimuli in 
which number of speakers, orientation and movement of the 
face, and auditory input are strictly controlled (e.g., Birulés 
et al. 2018, 2023; Pons and Lewkowicz (2014). Pons et al. 2015, 
2019). The benefit of using a relatively natural stimulus is that 
effects present are perhaps more reflective of a child's visual 
attention in “real world” viewing of complex and dynamic social 
scenes, which often contain multiple people and background 
noise. Of course, future research on visual attention in natu
ralistic social interaction is required to determine the general
izability of age and language group differences in attention to 
mouths. Future research, particularly in naturalistic interaction, 
might also investigate differences in looking to speaking and 
non‐speaking mouths over time. The faces in the Dynamic 
Video spoke for 60.25% of the total trial time. The consequence 
is that infants' and toddlers' looking to mouths in this study 
cannot be interpreted as looking to mouths which were only 
ever speaking. In a naturalistic situation, it is not common for 
an interlocutor to speak continuously throughout an interac
tion. The stimuli here, which spoke for a portion of stimulus 
time, may thus increase ecological validity.

When faces were speaking, they were doing so in English, a 
language with which all children had some degree of previous 
experience. A viewer's experience with a stimulus language 
plays a part in their audiovisual speech processing. One study of 
five‐year‐old children found differences in looking to mouths of 
native versus non‐native audiovisual speech in Spanish‐Catalan 
bilinguals and Spanish monolinguals (Birulés et al. 2023). 
Whilst watching non‐native (English) speech, both monolingual 
and bilingual children looked more to mouths than eyes but, 
later into stimulus time, showed no preference to mouths versus 
eyes. When viewing native speech (Spanish), monolinguals 
looked equally to eyes and mouths throughout the trial, whilst 
bilinguals attended more to the mouth than eyes initially before 
attending equally to the eyes and mouths later into stimulus 
time (Birulés et al. 2023). Future studies might aim to test the 
age at which monolingual versus bilinguals' preference to 
mouths over eyes of faces producing native speech.

Finally, to the authors' knowledge, there was no published ev
idence about experience‐sensitive differences in the shape of 
temporal trajectories of attention to faces or mouths at the time 
of this study's pre‐registration. It was planned a priori that 
model polynomials would be used to explore the predicted 
group differences, but no specific predictions were made about 
which polynomial components (e.g., linear, quadratic, cubic) 

would differ, or in which direction, between the two groups in 
the absence of previous literature. Implementation of time‐ 
series analyses to characterize social attention trajectories in 
large, diverse samples of monolingual and bilingual children 
across the early years will allow for increasingly specific a priori 
hypotheses about how experience may modulate the shape of 
visual attention trajectories.

5 | Conclusion

Whether bilinguals show experience‐related adaptations in social 
attention is a popular scientific question, but studies often 
contend with the same simple but challenging methodological 
issue: testing the hypothesis of visual strategy differences requires 
measuring visual strategies. Most research reports aggregate‐level 
group differences in data averaged across a specified duration 
(e.g., Ayneto and Sebastián‐Gallés 2017; Birulés et al. 2018; Pons 
et al. 2015, 2019; Mercure et al. 2018; Mousley et al. 2023). These 
studies analyze measures such as total looking time, total number 
of fixations, or constructs like proportion of total looking time and 
average dwell time that rely on average measures. Such metrics 
provide important indications about where bilingual effects 
might exist, but they cannot explain what visual strategies drive 
effects of interest. Using growth curve analysis, the present study 
provides a novel exploration of fine‐grained shifts in attention 
over stimulus time, providing more room for strategy‐related 
interpretation than is typical. The results suggest that temporal 
dynamics of social attention are sensitive both to age and to 
children's early language environments. Between 7 and 18 
months), temporal patterns of visual attention are characterized 
by a propensity for visual scavenging of social stimuli, which is 
stronger in bilinguals than monolinguals for both static faces and 
dynamic mouths. Age‐dependent shifts are evident, with younger 
infants re‐fixating on static faces earlier in time than older infants, 
who show later return. Within the group of toddlers, attention to 
faces is more stable over time in older than younger children, as 
older toddlers showed a more gradual initial decline, a weaker late 
return, and less net decline overall than younger toddlers. Mouth‐ 
looking shows fewer age‐driven shifts than face‐looking and is 
instead more affected by children's early language experience. 
Younger bilingual infants show more rapid disengagement from 
mouths than monolingual infants, a pattern that appears in 
reverse in toddlers aged 18–34 months, where those with a 
bilingual mother show stronger attentional allocation to mouths 
over time than those with a monolingual mother. The results are 
consistent with the hypothesis that bilinguals might show dif
ferences in social attention compared to monolinguals, poten
tially explained by a drive to maximize their access to the social 
and linguistic information they need to support their dual‐ 
language learning goals. The results also align with previous 
findings suggesting there are developmental shifts in the re‐ 
organization of young children's visual attention for viewing of 
static and dynamic social stimuli.
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