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1  | INTRODUC TION

Children raised in a bilingual household from birth (simultane-
ous bilinguals) are growing in number. Dual language experience 
represents a unique challenge, as children have to contend with 
two languages, while receiving minimal exposure and extent vari-
ation for each individual input (Bijeljac-Babic, 2018). One source 
of information that alleviates perceptual uncertainties is seeing 
the visible orofacial movements accompanying speech. During so-
cial interactions, seeing talking faces provides information that is 
highly redundant and complementary to the auditory signal (Miller 
& Nicely, 1955). In monolingual infants and adults, it enhances 

phonetic perception (Samuel & Lieblich, 2014; Ter Schure, Junge, 
& Boersma, 2016) and assists word recognition in both normal and 
adverse listening conditions (Buchwald, Winters, & Pisoni, 2009; 
Havy, Foroud, Fais, & Werker, 2017). In simultaneous bilingual 
populations, converging evidence documents an early contri-
bution of visible speech to phonetic perception (Pons, Bosch, & 
Lewkowicz, 2015; Soto-Faraco et al., 2007; Weikum et al., 2013). 
Yet, it is unknown whether monolingual and bilingual children dif-
fer in their use of visible speech as they establish new lexical repre-
sentations. Here, we ask to what extent early bilingual experience 
modulates 30-month-old children's attention to visible speech as 
they build their nascent lexicon.
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Abstract
From the very first moments of their lives, infants selectively attend to the visible 
orofacial movements of their social partners and apply their exquisite speech per-
ception skills to the service of lexical learning. Here we explore how early bilingual 
experience modulates children's ability to use visible speech as they form new lexi-
cal representations. Using a cross-modal word-learning task, bilingual children aged 
30 months were tested on their ability to learn new lexical mappings in either the 
auditory or the visual modality. Lexical recognition was assessed either in the same 
modality as the one used at learning (‘same modality’ condition: auditory test after 
auditory learning, visual test after visual learning) or in the other modality (‘cross-
modality’ condition: visual test after auditory learning, auditory test after visual 
learning). The results revealed that like their monolingual peers, bilingual children 
successfully learn new words in either the auditory or the visual modality and show 
cross-modal recognition of words following auditory learning. Interestingly, as op-
posed to monolinguals, they also demonstrate cross-modal recognition of words 
upon visual learning. Collectively, these findings indicate a bilingual edge in visual 
word learning, expressed in the capacity to form a recoverable cross-modal represen-
tation of visually learned words.
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In the literature, there is tremendous evidence that irrespec-
tive of the language environment (monolingual vs. bilingual), infants 
are natively endowed with basic perceptual skills to apprehend 
the multisensory nature of speech. From the very first moments 
of their lives, infants preferentially orient their attention toward 
talking faces (Schonberg, Sandhofer, Tsang, & Johnson, 2014) and 
selectively attend to the orofacial movements of their social part-
ners (Hunnius & Geuze, 2004). Infants can link auditory and vi-
sual speech events across a variety of temporal (Baart, Vroomen, 
Shaw, & Bortfeld, 2014; Lewkowicz & Pons, 2013) and spectral 
dimensions (Kuhl, Williams, & Meltzoff, 1991). For instance, when 
viewing two side-by-side displays of two identical faces silently ut-
tering two distinct sounds, or sound sequences, 2- to 12-month-old 
infants look longer at the video matching the concurrently heard 
sound(s) (Danielson, Bruderer, Kandhadai, Vatikiotis-Bateson, & 
Werker, 2017; Lewkowicz, Minar, Tift, & Brandon, 2015; Pons, 
Lewkowicz, Soto-Faraco, & Sebastián-Gallés, 2009; Streri, Coulon, 
Marie, & Yeung, 2016). Infants build on these sensitivities to learn 
the phonology of their native language. For instance, they can iden-
tify the language in use just from watching someone silently talking 
as early as 4 months (Kubicek et al., 2014; Lewkowicz & Pons, 2013; 
Sebastián-Gallés,	 Albareda-Castellot,	 Weikum,	 &	 Werker,	 2012;	
Weikum et al., 2007) and can distinguish certain complex auditory 
phonetic contrasts by simultaneously following the correspond-
ing orofacial information at just 6 months (Kuhl, Tsao, & Liu, 2003; 
Teinonen,	Aslin,	Alku,	&	Csibra,	2008;	Ter	Schure	et	al.,	2016).	By	
8 months, their babbling productions are dominated by the most vis-
ible	segments	(Rvachew	&	Alhaidary,	2018).

As	they	advance	in	age	and	gain	language	experience,	these	ca-
pacities become increasingly refined. Yet, they develop differently 
as a function of the ambient language environment. In this field, a 
great deal of research has revealed that early bilingual exposure fine-
tunes infants’ attention to the visible aspects of speech. First, stud-
ies have found that, presumably to compensate for the challenge of 
learning two languages and tease them apart, bilingual infants reli-
ably start to attend to the redundant visible speech cues inherent in 
a speaker's mouth at an earlier age (by 4 months and perhaps earlier) 
than their monolingual counterparts (between 4 and 8 months; Pons 
et al., 2015). Studies have also revealed that despite an increased 
attentiveness to the mouth of talking faces in monolinguals during 
critical periods of phonological (Hillairet de Boisferon, Tift, Minar, & 
Lewkowicz, 2017; Lewkowicz & Hansen-Tift, 2012) and lexical de-
velopment (Hillairet de Boisferon, Tift, Minar, & Lewkowicz, 2018), 
8- to 18-month-old bilingual infants demonstrate a greater interest 
in orofacial cues than their peers. This bilingual edge is observed in 
linguistic communicative situations (Birulés, Bosch, Brieke, Pons, & 
Lewkowicz, 2018; Pons et al., 2015) but also more extensively in 
non-linguistic situations (i.e., faces portraying different emotional 
states	such	as	crying	or	laughing,	Ayneto	&	Sebastián-Gallés,	2017;	
non-speech movements involving eyebrow raise or lip protrusion, 
Fort,	Ayneto-Gimeno,	Escrichs,	&	Sebastian-Galles,	2018),	suggest-
ing a broad-based attention bias. Converging evidence has bolstered 
this view, by showing that infants growing up with two languages are 

more proficient at discerning languages visually. Indeed, although 
monolingual and bilingual infants are equally able to discriminate 
their native language from an unfamiliar one at 4 to 6 months, only 
bilingual infants retain the capacity to do so with languages that 
are unfamiliar to them at 8 months (Sebastián-Gallés et al., 2012; 
Weikum et al., 2007). Together, these observations suggest that in 
the early stages of language acquisition, infants raised in bilingual 
homes may be more sensitive to the visible features of speech than 
monolingual infants. Yet, it is unknown if these early differences in-
fluence the way they appreciate visible speech information as they 
learn their first words.

In the literature, the visual recognition of spoken words has 
been well documented in monolingual children and empirical evi-
dence has revealed that visible speech is stored in lexical represen-
tations early in development. This is supported by studies showing 
that monolingual children are sensitive to mispronunciations of fa-
miliar words in both the auditory and visual modalities as early as 
1 year (Weatherhead & White, 2017) and can use visible speech to 
foster lexical recognition in normal (Davies, Kidd, & Lander, 2009) 
and adverse listening conditions by 4–14 years (Grieco-Calub & 
Olson, 2015; Lalonde & Holt, 2015; Ross et al., 2011). Yet, extant 
evidence has also revealed that the use of visible speech in a lexi-
cal context is not always straightforward. First, in many instances, 
words differ by phonemes that share visual articulatory character-
istics and are virtually indistinguishable from each other on the sole 
basis of visible speech, a phenomenon called ‘homopheny’ that rep-
resents half of the words in English (i.e., ‘path’, ‘bath’, Berger, 1977). 
Second, there is evidence that attending to the lexical content of a 
spoken word is demanding in young children and can easily com-
promise the visual processing of the subtle phonological detail of 
the	word	form.	For	instance,	Jerger,	Damian,	Tye-Murray,	and	Abdi	
(2014),	Jerger,	Damian,	Tye-Murray,	and	Abdi	(2017)	found	that	the	
presence of visible speech in adverse listening condition improved 
phoneme identification to a greater extent for pseudowords than 

Research Highlights

• Like monolingual children, bilingual children aged 
30 months successfully learn new word-object map-
pings when listening to auditory instantiations of the 
words.

• Like monolingual children, bilingual children successfully 
learn new word-object mappings when watching the ar-
ticulatory instantiations of the spoken words in silence.

• Like monolingual children, bilingual children can visually 
recognize words previously experienced in the auditory 
modality.

•	 As	opposed	to	monolinguals,	bilingual	children	can	au-
ditorily recognize words previously experienced in the 
visual modality.
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for words in 4-year-old monolingual children (Jerger, Damian, Tye-
Murray,	&	Abdi,	2014,	2017).

To date, all research effort has gone into describing the capaci-
ties of monolingual children with no empirical consideration for bilin-
gual children. In monolinguals, much of the attention was focused on 
determining whether visible speech is contained in early lexical rep-
resentations and only one research project led by Havy et al. (2017; 
Havy & Zesiger, 2017) has attempted to explore how visible speech 
becomes part of new lexical representations (Havy & Zesiger, 2017; 
Havy et al., 2017). In this work, Havy et al. (2017; Havy & Zesiger, 
2017 focused on 18- to 30-month-old monolingual children and 
examined two individual mechanisms. (a) First, they asked whether 
visible speech could be stored directly from the visually available 
information alone. (b) Second, they asked whether the information 
from either modality could be encoded indirectly through cross-
modal translation of the input. In this work, children were taught 
new	lexical	mappings	(Object	A:	 ‘byp’	and	Object	B:	 ‘var’)	 in	either	
the auditory (acoustic form of the word with no accompanying face) 
or the visual modality (talking face with no sound), and thereafter 
tested for recognition (‘Look at the “var!”’) in either the same modal-
ity as at learning (‘same modality’ condition) or in the other modality 
(‘cross-modality’ condition). The pseudo-words were maximally dis-
tinct in both the auditory and visual modalities and were easily dis-
criminable at 18 and 30 months (Pons et al., 2009; Streri et al., 2016; 
Werker & Curtin, 2005; Yeung & Werker, 2013).

The results from the ‘same modality’ condition revealed that 
children's word learning capacities are subject to an initial auditory 
dominance expressed by the capacity to learn from auditory but 
not visual input at 18 months. This dominance wanes as children 
advance in age and language experience, and by 30 months, chil-
dren reliably learn from visual input. Of interest, the results from the 
‘cross-modality’ condition indicate that despite difficulties in learn-
ing in the visual modality, 18-month-old monolingual infants show 
visual recognition of auditorily-learned words. This pattern suggests 
that although monolingual infants primarily attend to the auditory 
speech signal to guide lexical learning, they can incorporate visible 
speech in their representations through cross-modal translation of 
the	auditory	input.	At	30	months,	monolingual	children	more	reliably	
learn lexical mappings from visible speech. Yet unlike adults, they do 
not show auditory recognition upon visual learning. This indicates 
that by 30 months, learning from visual input is still demanding and 
that only auditory experience engenders a recoverable cross-modal 
representation of the words.

Following on Havy and Zesiger (2017), the purpose of the current 
study is to determine whether 30-month-old bilingual children are 
faced with a similar challenge of forming cross-modal representa-
tions of words following visual learning. We reason that bilingually 
raised children may be better placed than their monolingual peers as 
they demonstrate stronger preferences for the mouth in the early 
stages	 of	 language	 acquisition	 (Ayneto	 &	 Sebastián-Gallés,	 2017;	
Pons et al., 2015) and better use of visible speech in language dis-
crimination tasks (Sebastián-Gallés et al., 2012; Weikum et al., 2007). 
These proclivities may benefit visual word learning, especially given 

the literature showing that a larger number of fixations to the speak-
er's mouth is associated with greater visual recognition of spoken 
words in monolingual adults (Marassa & Lansing, 1995) and greater 
expressive vocabulary size in 6- to 24-month-old monolingual 
(Altvater-Mackensen,	Mani,	&	Grossmann,	2016;	Tenenbaum,	Sobel,	
Sheinkopf, Malle, & Morgan, 2015) and bilingual infants (Tsang, 
Atagi,	&	Johnson,	2018).

Bilingual experience also imparts advantages in a wide array of 
executive functions that are relevant to visual word learning and 
cross-modal recognition. For instance, bilingual infants and children 
have been found to have greater working memory retrieval than 
their monolingual peers (6 months–7 years: Blom, Küntay, Messer, 
Verhagen, & Leseman, 2014; Singh et al., 2015), a capacity that hap-
pens to be associated with greater auditory (16–20 months: Vlach 
& Johnson, 2013) and visual spoken word recognition in mono-
lingual	 infants	 and	 children	 (7–14	 years:	 Heikkilä,	 Lonka,	 Ahola,	
Meronen, & Tiippana, 2017; Tye-Murray, Hale, Spehar, Myerson, 
& Sommers, 2014). Bilingual infants and children also demonstrate 
greater attention shifting (7 months–7 years: Byers-Heinlein, Morin-
Lessard, & Lew-Williams, 2017; Crivello et al., 2016) and memory 
generalization across contents (18–24 months: Bialystok, 2017; 
Brito, Sebastián-Gallés, & Barr, 2015), two core capacities that de-
velop along with frequent language switching and that are founda-
tional to cross-modal recognition.

Bridging these series of evidence together, the above literature 
suggests a bilingual edge in a variety of capacities that are relevant 
to visual word learning and cross-modal recognition. Yet, alternative 
evidence exists that paints a more nuanced picture. First, in the field 
of audio–visual speech perception, the greater bilingual interest 
for the mouth has not been consistently found in infancy and early 
childhood (14 months–6 years: Birulés et al., 2018; Morin-Lessard, 
Poulin-Dubois, Segalowitz, & Byers-Heinlein, 2019). Importantly, 
the reported preferences have been documented with tasks that 
involved watching speakers silently uttering sentences, without dis-
tinction between the pre-lexical (no consideration for the associated 
meaning) and lexical mechanisms (consideration for the associated 
meaning) that are possibly involved (Ronquest, Levi, & Pisoni, 2010). 
It is therefore unclear whether the observed proclivities pertain to 
pre-lexical	processes	more	 than	 lexical	ones.	Additionally,	 there	 is	
evidence that although mouth gazing is developmentally linked to 
lexical proficiency, this relationship is not stronger in bilingual in-
fants (6–12 months: Tsang et al., 2018), toddlers and preschoolers 
(2–5 years: Morin-Lessard et al., 2019) relative to monolinguals. 
Finally, one adult study revealed a monolingual advantage in the 
use of visible speech during non-native phonological discrimination 
(Burfin et al., 2014).

Taking the issue at the lexical level, the literature has also yielded 
a mixed narrative. In this field, the contribution of visible speech to 
the lexical domain has never been explored in bilinguals. Yet, bilingual 
lexical achievement has been well documented in the auditory mo-
dality, with empirical evidence revealing that the sensitivity of bilin-
guals to the phonological detail of auditory word forms is sometimes 
comparable (Fennell & Byers-Heinlein, 2014; Ramon-Casas, Fennell, 
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& Bosch, 2017), inferior (Ramon-Casas, Swingley, Sebastián-Gallés, 
& Bosch, 2009; Wewalaarachchi, Wong, & Singh, 2017) or superior 
(Singh, Fu, Tay, & Golinkoff, 2018) to that of monolinguals. However, 
it should be noted that any difference reported in the timeline of ac-
quisition is small and moderated by many elements, including the rel-
ative similarity of the phonological inventories of the two languages 
and language exposure history, with greater outcome in children 
learning languages with similar acoustic realization of the phono-
logical contrasts (Havy, Bouchon, & Nazzi, 2016), and in children 
tested on their dominant language with an input that matches their 
language learning environment (Fennell & Byers-Heinlein, 2014). 
Critically, in the sole study that reported a developmental advance 
in encoding the segmental detail of novel words, the authors used a 
vowel contrast that was highly salient by access to visual cues (Singh 
et	al.,	2018).	Although	the	study	only	presented	the	words	auditorily,	
the authors argued that phonemic contrasts that are visually salient 
may be preferentially available on the account of prior experience 
with visible speech. Taken as such, children raised in bilingual envi-
ronment may have more robust visual representations of words than 
their monolingual peers.

Overall, the literature on audio–visual speech perception and 
word learning does not provide clear-cut predictions as to whether 
monolingual and bilingual children differ in their use of visible 
speech as they learn new words at 30 months. The purpose of this 
study is to elucidate this issue by investigating it in a twofold man-
ner. First we want to evaluate whether, like their monolingual peers, 
French-learning bilingual children aged 30 months successfully learn 
new words in either the auditory or the visual modality. Second, we 
want to determine whether learning engenders a recoverable cross-
modal representation of the words. These questions are addressed 
using the exact same stimuli and word-learning design as in Havy 
and Zesiger (2017). In our sample, bilingual children are exposed to 
French and another language from birth and receive input in each 
language for a minimum of 20% and a maximum of 80%, respec-
tively (Bosch & Sebastián-Gallés, 2001). In the current study, bilin-
gual children are randomly assigned to either one of the two learning 
groups: one that learns the words in the auditory modality and one 
that learns the words in the visual modality. In each learning group, 
children take part in two test conditions: (a) a ‘same modality’ test 
condition in which lexical recognition is tested in the same modality 
as the one used at learning (auditory after auditory learning, visual 
after visual learning) and (b) a ‘cross-modality’ test condition in which 
lexical recognition is tested in the other modality (visual after au-
ditory learning, auditory after visual learning). The predictions are 
straightforward: If bilingual experience promotes the use of visible 
speech during lexical learning and fosters the cross-modal recogni-
tion of words, then bilingual children should succeed in every condi-
tion, including the most challenging one in which monolinguals have 
been found to fail: the visual-to-auditory cross-modal condition. 
If, however, language exposure does not exert any influence, then 
bilingual children should behave like their monolingual peers and 
demonstrate success in every condition except in the visual-to-audi-
tory cross-modal condition. If bilinguals lag behind their monolingual 

peers, different patterns are possible. Given the extensive literature 
reporting successful auditory learning of distinct words in bilingual 
toddlers (Byers-Heinlein, Fennell, & Werker, 2013; Westermann & 
Mani, 2017), it is unlikely that 30-month-old bilinguals fail at learning 
words in the auditory modality. Yet, they may experience difficul-
ties in using visible speech to guide lexical learning, as is the case in 
younger monolingual children (Havy & Zesiger, 2017), and fail in the 
‘same modality’ and ‘cross-modality’ trials of the visual learning con-
dition.	Another	possibility	is	that	they	may	experience	difficulties	in	
establishing a recoverable cross-modal representation of words. In 
this case, failure is expected only in the ‘cross-modality’ trials of the 
auditory and visual learning conditions.

2  | METHOD

2.1 | Participants

A	total	of	48	children	aged	30	months	and	living	in	Geneva	com-
pleted the study, Table 1. Participants were recruited through 
birth records provided by the Canton of Geneva, Switzerland and 
enrolled	 upon	 parents’	 consent	 on	 behalf	 of	 their	 children.	 All	
children were carried full term with no diagnosed impairments in 
hearing, vision or language. Children were assigned to either one 
of two learning conditions (auditory, visual). Twenty-three children 
formed	the	auditory	learning	group	(9	males).	Another	25	children	
formed the visual learning group (12 males). Children were raised 
in a dual language environment from birth and considered to be si-
multaneous bilinguals. Language background included French and 
another language. Due to the geopolitical situation of Geneva, a 
wide constellation of languages was represented. Language expo-
sure	was	assessed	using	the	LEAT	(DeAnda,	Bosch,	Poulin-Dubois,	
Zesiger, & Friend, 2016) with an 80% cut-off (Bosch & Sebastián-
Gallés, 2001). Overall, the auditory and visual learning groups had 
comparable exposure to French, t < 1, two-tailed, with respec-
tively 15 and 16 children showing a French dominance. Exposure 
to a third language, if present was sporadic and below 11%. Both 
groups came from mid-upper socioeconomic status families; t < 1, 
two-tailed (Havy et al., 2016), and had comparable word learn-
ing capacities (MCDI in production, Kern, 2003; t < 1, two-tailed). 
Twenty-two additional children participated but were excluded 
from the final sample due to excessive fussiness/crying (n = 5), 
failure to complete each test condition (n = 7), calibration issues 
(n = 4) or tracking ratio lower than 30% (n = 6). This yielded an at-
trition rate of 33%.

2.2 | Stimuli

2.2.1 | Speech stimuli

The speech stimuli were adapted from Havy and Zesiger (2017) 
and consisted of four pairs of French-sounding words. The 
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pseudo-words were monosyllables with a CVC structure (/byp/-
/vɑɾ/,/ɾik/-/fɑl/,/fyf/-/gɛl/,/mum/-/tit/). These contrasted by at least 
two features on each segment (manner, place and voicing for the 
consonants, backness, height and roundness for the vowels) and 
were easily discriminable by monolingual (Streri et al., 2016; Werker 
&	Curtin,	2005)	and	bilingual	children	aged	30	months	(Albareda-
Castellot, Pons, & Sebastián-Gallés, 2011; Burns, Yoshida, Hill, & 
Werker, 2007).

The pseudo-words were uttered by a native French female 
speaker in a child friendly directed register, at a slow speed and 
with slightly exaggerated intonation. These were instantiated in a 
carrier phrase: determiner (‘un’) + pseudo-word, so as to clarify the 
referential status of the word (Fennell & Waxman, 2010) and en-
sure that children effectively attended to the speech information 
prior to the word onset. For each pseudo-word, two tokens (two 
for each pseudo-word) served to the familiarization, learning and 
test phases and another one (one for each pseudo-word) served 
to the learning and test phases solely. For each token, three media 
sequences were generated: an audio–visual sequence, an auditory 
only sequence, a visual only sequence. The video sequences were 
presented at the center of the screen, with a display size corre-
sponding roughly to a visual angle of 16° × 16° at a viewing dis-
tance of 60 cm.

2.2.2 | Object stimuli

The object stimuli were taken from Havy and Zesiger (2017). These 
consisted of four pairs of colorful novel objects rotating along a 
vertical axis against a black background. The objects stood alone at 
the center of the screen for the learning phase and together side by 
side	for	the	test	phase.	At	a	viewing	distance	of	60	cm,	the	objects	
subtended approximately 16° × 16° of visual angle for the learning 
phase and 10° × 10° for the test phase. There was a gap of roughly 
six visual degrees between the objects at test. Each pair of objects 
was	randomly	assigned	to	a	unique	pair	of	pseudo-word.	A	smooth	
undulating shape with a display size of 3° × 3° of visual angle was 
used to sustain the children's interest.

2.3 | Apparatus

The visual stimuli were displayed on a 22-in. Dell E2209W monitor 
with a resolution of 1,680 × 1,050 pixels per inch and a refresh rate 
of 60 Hz. The auditory stimuli were delivered through loudspeak-
ers located to the left-right sides of the monitor at a conversational 
level.	A	Dell	Latitude	E6520	laptop	was	used	to	handle	calibration	
and stimuli presentation. The experiment was prepared and ex-
ecuted using I-view (I-view, version 2.8.26) and Experiment Center 
(Experiment Center, version 3.2.17) native to SMI (SensoMotoric 
Instruments GmbH). Children's eye-gaze was monitored by mean 
of a stand-alone SMI RED500 eye-tracker at a sampling rate of 
60 Hz.

2.4 | Procedure

Testing took place in a sound attenuated and dimly illuminated 
room at the University of Geneva. During the experiment, children 
were sitting on the lap of one of their parents, approximately 60 cm 
away from a 22-in. eye-tracker-monitor set-up. The parents were in-
structed to keep their eyes closed and not to talk, point at the screen 
or influence the child's attention. We used the SMI eye tracker's 
five-point calibration routine to calibrate each child's gaze behavior. 
Once the calibration routine was completed, each child viewed four 
videos, one video per each pair of pseudo-words. Each video com-
prised three phases: (a) a familiarization phase, (b) a learning phase 
and (c) a test phase (Figure 2).

1. During the familiarization phase, the children were introduced 
to two pseudo-words uttered twice in alternation in their 
audio–visual mode (see and hear a talking face; i.e., token 
1 of pseudo-word 1; token 1 of pseudo-word 2; token 2 of 
pseudo-word	 1,	 token	 2	 of	 pseudo-word	 2).	 This	 Audio–visual	
presentation of pseudo-words was done in order to direct the 
children's attention toward the multisensory aspect of speech.

2. Immediately after familiarization, the children completed a lexi-
cal learning phase. During lexical learning, the same two pseudo-
words were presented in conjunction with two distinct novel 
objects. Word-object pairs consisted of a pseudo-word immedi-
ately followed by the corresponding object. Word-object pairs 
were spaced by a 1 s interval and arranged in the following order: 
three occurrences of one pair followed by three occurrences of 
the other, two occurrences of the first pair followed by two occur-
rences of the other and lastly one occurrence of each pair. To sus-
tain the children's interest, three different tokens (two from the 
familiarization phase and one novel) of each pseudo-word were 
used and iterated twice across the pairs. Children enrolled in the 
auditory learning condition experienced the words in the audi-
tory modality (they could hear the sound but saw a black screen, 
Figure 1). Children enrolled in the visual learning condition expe-
rienced the words in the visual modality (they saw the talking face 
in silence, Figure 2).

3. Immediately after the learning phase, the test phase began. The 
test phase was comprised of a pre-naming, a naming and a post-
naming period. During the pre-naming and post-naming periods, 
children were presented with the two previously seen objects 
side by side in silence for 4 s. During the naming period, the ob-
jects were withdrawn and the label of one of them was played 
three times, each time with a different instantiation (pseudo-word 
1: token 1, pseudo-word 1: token 2, pseudo-word 1: token 3). 
Modality of labeling varied upon the test condition. In the ‘same 
modality’ test condition, labeling happened in the same modal-
ity as the one used at learning: auditory after auditory learning 
(Figure 1a), visual after visual learning (Figure 2a). In the ‘cross-
modality’ test condition, labeling happened in the other modal-
ity as the one used at learning: visual after auditory learning 
(Figure 1b); auditory after visual learning (Figure 2b). Each video 
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F I G U R E  1   Schematic of a ‘same modality’ (a) and a ‘cross-modality’ (b) test trial in the auditory word-learning condition. The sequences 
of events are depicted in their actual order (from 1 to 21) for each experimental test trial. The sine wave represents the sound heard and is 
not actually seen on the screen
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F I G U R E  2   Schematic of a ‘same modality’ (a) and a ‘cross-modality’ (b) test trial in the visual word-learning condition. The sequences of 
events are depicted in their actual order (from 1 to 21) for each experimental test trial
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tested one test condition only: either the ‘same modality’ or the 
‘cross-modality’ condition. During the session, children received 
two videos testing the ‘same modality’ condition and two videos 
testing	the	‘cross-modality’	condition.	A	smooth	undulating	shape	
was used between each video to reorient children to the screen. 
Sessions lasted approximately 20 min, after which each family re-
ceived a small compensation.

2.5 | Counterbalancing

Participants of each learning group were randomly assigned to one 
out of three protocols.

Protocols varied the order of presentation of each word-object 
pair and for each word-object pair, the modality of labeling at test 
(‘same modality’ vs. ‘cross-modality’) and which of the two objects 
was	labeled	(object	A	vs.	object	B).	All	protocols	started	with	a	‘same	
modality’ test trial to facilitate children's understanding of the task.

3  | RESULTS

3.1 | Data analyses

Analyses	were	 performed	 using	 BeGaze	 (BeGaze,	 version	 3.2.28).	
Gaze data were monitored and coded with respect to two areas of 
interest	 (AOIs)	 –	 one	 corresponding	 to	 the	 location	 of	 the	 target	
object, the other corresponding to the location of the distractor. 
AOIs	were	defined	by	dividing	the	entire	screen	in	half.	We	adopted	
large	AOIs	to	adjust	for	variations	in	object	size	across	trials	and	re-
duce artefacts in how BeGaze interpolates eye position (Hessels & 
Hooge, 2019). Gaze data consisted of the sum of durations for all 
saccades	and	fixations	hitting	the	AOIs.	Following	Havy	et	al.	(2017;	
Havy & Zesiger, 2017, we analyzed the 4-s periods prior to (pre-
naming period) and after naming (post-naming period) and computed 
for each period the proportion of target looking times (PLT), that is 
the amount of looking time devoted to the target object (T) over the 
amount of looking time to the target (T) and the distractor object (D): 
T/(T + D). The data were aggregated by test condition, thus giving 
two naming scores per child, one for the ‘same modality’ condition 
and one for the ‘cross-modality’ condition.

3.2 | Data cleaning

Data cleaning consisted of a series of six filters successively applied 
to the initial dataset. The dataset initially included 220 trials for 55 
participants (auditory learning: n = 27; visual learning n = 28) and 
upon filtering consisted of 170 trials for 48 participants (auditory 
learning: n = 23; visual learning n = 25). Filters were applied follow-
ing Havy et al. (2017). We first trimmed three trials from the initial 
dataset on which children were not fixating on the monitor during 

the familiarization and learning phases (Filter 1: auditory learning: 
3/110; visual learning: 0/110). We then removed six visual test tri-
als (auditory learning: cross-modality; visual learning: same modality) 
on which children were not looking at the model during the visual-
only naming period of the test phase (Filter 2: auditory learning: 
4/55 trials; visual learning: 2/55 trials). Based on criteria commonly 
used in 2-choice word learning and word recognition tasks (Havy 
et	 al.,	 2017;	 Swingley	 &	 Aslin,	 2000),	 we	 discarded	 twenty-three	
additional trials on which children were not fixating on the monitor 
during the pre-naming and/or post-naming periods of the test phase 
(Filter 3: auditory learning: 10/110; visual learning: 13/110). We 
then controlled for imbalance in spontaneous objects preferences 
and identified sixteen trials in which children attended either one of 
the objects during the pre-naming period (auditory learning: 8/110; 
visual learning: 8/110). Of these trials, eight were removed from our 
analyses (auditory learning: 4/110; visual learning: 4/110), as the 
bias endured beyond the post-naming period (Filter 4, Delle Luche, 
Durrant, Poltrock, & Floccia, 2015). The exclusion of these 40 trials 
led to the exclusion of seven participants, who no longer contrib-
uted to at least one data point in each of the test conditions (‘same 
modality’ vs. ‘cross-modality’; Filter 5: auditory learning: n = 4; visual 
learning n = 3; Fernald, Perfors, & Marchman, 2006). The exclusion 
of the four participants resulted in the removal of ten additional tri-
als	(Filter	6:	auditory	learning:	4/110;	visual	learning:	6/110).	A	total	
of 50 trials (auditory learning: 25/110; visual learning: 25/110) were 
thus removed from the original dataset.

3.3 | Statistical analyses

Statistical analyzes were conducted using SPSS (SPSS, version 
26.0.0.0). Data were log transformed to reduce skewness at the ex-
tremes of the distribution (DeCoster, 2001).

To appreciate children's PLT performance, several analyses were 
conducted separately for each learning group. Starting with the au-
ditory learning condition, we ran a linear mixed effects model, using 
the percentage of target looking time per trial and per child as a de-
pendent	measure.	As	fixed	effects,	we	entered	in	the	model	the	test	
condition, the naming period as well as the interaction between the 
two predictors. The test condition corresponded to the modality of 
labeling at test (‘same modality’ vs. ‘cross-modality’). The naming pe-
riod corresponded to the period of time prior to and after labeling 
one	of	the	two	objects	(‘pre-naming’	vs.	 ‘post-naming’).	As	random	
effects, we initially entered random intercepts for participants and 
items and random slopes allowing for the effects of the naming pe-
riod and test condition to differ across participants. However, the 
random slopes were subsequently removed as the model failed to 
converge. Results reported here stem from a by-participant and by-
item intercept-only model. The model was fitted using maximum 
likelihood estimation. Estimates, standard errors and t-values are 
reported with t > 2 being interpreted as significant. T-tests were also 
performed to compare mean proportion of looking times (averaged 
over the trials of each condition) against chance (set at 50% since 
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each response involved a choice between two equally probable 
possibilities).

The results of the mixed effects model yielded a significant main 
effect of naming period (t(134.45) = 2.70, p < .01), Tables 2 and 3. 
Overall, children in the auditory learning group were able to identify 
the target object upon naming. They demonstrated similar attention 
to either object prior to naming, t < 1; but a significant preference for 
the target object after naming, t(22) = 4.38, p < .01, d = 1.87. Other 
effects and interactions did not reach significance. Labeling effects 
surfaced in both the ‘same modality’ and ‘cross-modality’ test condi-
tions, Figure 3a. In both conditions, there was no looking preference 
for either object prior to naming: ‘same modality’, t < 1; ‘cross-mo-
dality’, t	 <	 1.	After	 naming,	 there	was	 a	 significant	 preference	 for	
the target object: ‘same modality’, t(22) = 3.86, p < .01, d = 1.65; 
‘cross-modality’, t(22) = 2.11, p = .046, d = 0.90. Wald Z statistics re-
vealed that the variation on the participants’ (Wald Z = 0.84, p = .40) 
and items’ intercepts was not confounded with our effects of pri-
mary interest (Wald Z = 0.94, p = .35).

We then considered the PLT responses of the visual learn-
ing group. These were submitted to a linear mixed effects model, 
using the exact same parameters as in the preceding analysis. The 
results of the mixed effects model revealed a significant main ef-
fect of naming period (t(142.63) = 2.01, p = .047), Tables 2 and 4. 
Children in the visual learning group were able to identify the 
target object upon naming. They devoted similar attention to ei-
ther object prior to naming, t(24) = 1.27, p = .22, d = 0.52; but a 
significant preference for the target object after naming, t(24) 
= 4.06, p < .01, d = 1.66. Other effects and interactions were not 
significant. Just like above, labeling effects surfaced in both the 
‘same modality’ and ‘cross-modality’ test conditions, Figure 3b. In 
both conditions, there was no looking preference for either ob-
ject prior to naming: ‘same modality’, t(24) = 1.03, p = .31, d = 0.42; 
‘cross-modality’, t(24) = 1.26, p = .22, d	 =	 0.51.	 After	

naming, there was a significant preference for the target ob-
ject: ‘same modality’, t(24) = 2.91, p < .01, d = 1.19; ‘cross-modal-
ity’, t(24) = 2.10, p = .046, d = 0.86. Wald Z statistics revealed no 
significant variation on the participants’ (Wald Z = 0.82, p = .41) and 
items’ intercepts (Wald Z = 1.66, p = .10).

Overall, the results indicate that bilingual children achieve suc-
cessful lexical mapping, and apparently do so even in the condition 
in which monolinguals have been found to fail: the visual-to-auditory 
cross-modality condition.

To ascertain the effects of bilingual experience, we conducted 
further analyses using the monolingual dataset from Havy and 
Zesiger (2017). This dataset was collected with monolingual chil-
dren of the same age in the exact same experimental conditions. 
Once again, separate analyses were run for each learning group. 
Starting with the auditory learning group, we submitted children's 
PLT responses to a linear mixed effects model, using the percent-
age of target looking time per trial and per child as a dependent 
measure.	As	fixed	effects,	we	entered	in	the	model	the	language	
status, the test condition, the naming period as well as all interac-
tions between the three predictors. The language status referred 
to	whether	the	participant	was	monolingual	or	bilingual.	As	ran-
dom effects, we initially entered random intercepts for partici-
pants and items and random slopes allowing for heterogeneity in 
the effects of naming period and test condition across individu-
als.	As	before,	due	to	 lack	of	convergence,	we	retained	an	 inter-
cept-only model. The model was fitted using maximum likelihood 
estimation.

The analysis yielded a main effect of naming period 
(t(240.53) = 3.04, p < .01), indicating that children successfully rec-
ognize auditorily learned lexical mappings, Table 5. Of interest, this 
naming effect was not moderated by the language status or test con-
dition, thus suggesting little influence of bilingual exposure on audi-
tory word learning. Wald Z statistics revealed no significant variation 

Parameters

Parameters estimates

M (SD) T-test statistics

Auditory	learning

Overall Pre-naming 51.11 (10.93) t < 1

Post-naming 62.80 (13.73) t(22) = 4.38, p < .01, d = 1.87

Same modality Pre-naming 53.35 (13.59) t < 1

Post-naming 65.35 (18.11) t(22) = 3.86, p < .01, d = 1.65

Cross-modality Pre-naming 48.87 (17.55) t < 1

Post-naming 60.25 (20.62) t(22) = 2.11, p = .046, d = 0.90

Visual learning

Overall Pre-naming 46.79 (15.44) t(24) = 1.27, p = .22, d = 0.52

Post-naming 59.50 (11.65) t(24) = 4.06, p < .01, d = 1.66

Same modality Pre-naming 47.40 (17.37) t(24) = 1.03, p = .31, d = 0.42

Post-naming 58.64 (14.96) t(24) = 2.91, p < .01, d = 1.19

Cross-modality Pre-naming 46.17 (20.30) t(24) = 1.26, p = .22, d = 0.51

Post-naming 60.36 (22.14) t(24) = 2.10, p = .046, d = 0.86

TA B L E  2   Reporting bilingual children's 
performance in the different test 
conditions of auditory and visual word 
learning. Parameter estimates include the 
mean performance (M) in the different 
conditions, the standard deviation 
(SD) and T-test statistics comparing 
performance against chance level. 
Significant effects are bolded
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on the participants’ (Wald Z = 1.21, p = .23) and items’ intercepts 
(Wald Z = 1.54, p = .12).

We then regarded the PLT responses of the visual learning group. 
These were submitted to a linear mixed effects model, using the 
exact same parameters as before. The analysis revealed a main ef-
fect of naming period (t(260.03) = 2.54, p < .01), Table 6. This naming 
effect was moderated by the test condition and the language status 
(t(260.03) = 2.14, p = .03), suggesting variation across test conditions 
in how bilingual exposure influences visual word learning, Figure 4. 
Decomposition of the interaction revealed that bilingual exposure 
had no effects on naming outcomes in the ‘same-modality’ test 
condition (t(152.31)	=	−0.53,	p = .60) but a significant influence in 
the ‘cross-modality’ test condition (t(105.79) = 2.52, p = .01). Other 
fixed effects did not reach significance. Wald Z statistics revealed no 
significant variation on the participants’ intercepts (Wald Z = 0.82, 
p = .42) but a significant variation on the items’ intercepts (Wald 
Z = 2.03, p = .04).

Overall, the current results demonstrate a bilingual edge in form-
ing cross-modal representations of visually learned words but also 
pinpoint that this edge is moderated by the items being chosen.

4  | DISCUSSION

The purpose of the current study was to trace the influence of bilin-
gual experience on how children appreciate visible orofacial speech 
information during lexical learning. We examined two core mecha-
nisms whereby visible speech may become part of lexical represen-
tations. First, we asked whether 30-month-old bilingual children 

draw on visible speech alone to guide lexical learning. Secondly, we 
examined whether information from either auditory or visual mo-
dalities can be part of new lexical representations through cross-
modal translation of the input. To test this, we employed the same 
word learning task as in Havy et al. (2017). Children were taught new 
lexical mappings in either the auditory or the visual modality and 
tested on recognition either in the same modality as the one used 
at learning (‘same modality’ condition) or the other modality (‘cross-
modality’ condition).

First, we found that along with their monolingual peers of the 
same age, bilingual children are able to learn new word-object map-
pings from solely hearing or watching someone talking. This pat-
tern is consistent with the monolingual literature showing that by 
30 months children reliably attend to the visible aspects of speech 
as they establish new lexical representations (Havy & Zesiger, 2017). 
Of interest, our results document bilinguals’ audio–visual speech 
perception skills at 30 months and fuel a growing literature that 
indicates that bilingual children precociously attend to the visible 
aspects of speech (Pons et al., 2015). Our results go even further 
and provide the first demonstration that bilingual children appro-
priately apply their exquisite visible speech perception sensitivities 
to the service of lexical learning. This is a noticeable developmental 
achievement especially given the difficulties monolinguals expe-
rience recruiting these sensitivities at earlier ages and sometimes 
later on when mapping words onto objects (Havy et al., 2017; Jerger 
et al., 2014, 2017). Here we clearly demonstrate that by 30 months, 
in the current word learning task, bilingual children, like their mono-
lingual peers, consider visible speech as informative enough to guide 
lexical learning.

Another	aim	of	our	study	was	to	determine	whether	bilingual	chil-
dren form a recoverable cross-modal representation upon auditory 
and visual word learning. The purpose was to determine whether 
unisensory experience of a word form evokes a multisensory rep-
resentation. We found that along with monolingual children of the 
same age (Havy & Zesiger, 2017), bilingual children visually recognize 
words previously experienced in the auditory modality. This pattern 
indicates that regardless of the language environment, children are 
capable of cross-modal translation upon auditory learning and that 
the representation they form has a sensory format that contains or 
is accessible from the visual modality. Of interest, and to the differ-
ence of monolinguals, bilingual children auditorily recognize words 
previously experienced in the visual modality. This pattern suggests 
a bilingual edge in forming cross-modal representations of words 
upon visual input.

This bilingual edge, impressive in itself, rests on many antecedent 
developmental	 achievements.	 At	 first,	 there	 is	 the	 possibility	 that	
bilingual infants are more inclined to learn from the visible orofacial 
speech information and that cross-modal recognition arises as a re-
sult of greater confidence placed in this learning. This is supported 
by evidence showing that bilingual infants demonstrate stronger 
proclivities for orofacial cues than their peers (Fort, Lammertink, 
et al., 2018; Pons et al., 2015) and are better at discerning any 
two languages visually (Sebastián-Gallés et al., 2012). Yet, greater 

TA B L E  3   Results of a maximum likelihood estimated model 
predicting bilingual children's performance in the different 
test conditions of auditory word learning. Parameter estimates 
include the mean performance (M) in the different conditions, 
the estimated coefficient (Estimate) of the fixed effects and t-test 
statistics, the variance of the random effects and Wald Z statistics. 
Significant main effects and interactions are bolded

Parameters

Parameters 
estimates
Estimate (SE) T-test statistics

Fixed effects

Main effects and interactions

Test condition −2.21	(3.68) t(16.85) = 0.60, p = .56

Naming period 8.08 (2.99) t(134.45) = 2.70, p < .01

Naming 
period × test 
condition

0.39 (4.26) t(134.45) = 0.09, p = .93

Variance (SE) Wald Z statistics

Random effects

Participants on 
intercepts

0.09 (0.11) Wald Z = 0.84, p = .40

Items on 
intercepts

0.09 (0.09) Wald Z = 0.94, p = .35
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bilingual interest for the mouth region of speakers has not been con-
sistently found (Mercure et al., 2019; Morin-Lessard et al., 2019) and 
as far as monolingual and bilingual children have been compared, 
there was no difference in their ability to visually recognize visually–
learned words. Therefore, it is unclear as to whether the observed 
difference in the cross-modal condition stems primarily from greater 
visual word learning capacities.

The apparent bilingual advantage may be underpinned by a more 
effective way of handling uncertainty about lexical identity. Unlike 
auditory input, visible speech often matches more than one phono-
logical template. Bilinguals may simply be better at activating and 
retaining multiple phonologically close lexical candidates and/or 
better at making a decision among them when trying to find a match 
with the test item. This possibility is supported by evidence showing 
that bilingual infants and adults have a greater capacity to retain in-
formation and update memory content as compared to monolinguals 
(Brito et al., 2015; Singh et al., 2015). Yet, such memory advantage 
has not been consistently found (Paap, Johnson, & Sawi, 2015) and in 
the very few auditory studies that examined lexical decisions among 
phonological neighbors there was no clear effect of bilingualism 
in toddlers (Canseco-Gonzalez et al., 2010; Von Holzen, Fennel, & 
Mani, 2019). Future research should control for these issues by ma-
nipulating the number of alternative candidates for a same visual 
word form.

Still in the lexical domain, the bilingual edge may result from a 
greater attentiveness to the discrete phonological detail of the word 
form during the establishment of word-object mapping. This greater 
accuracy may narrow down the number of auditory correspondences 
to draw from a same visual form and hone cross-modal recognition. 
This possibility is supported by auditory word comprehension and 
production studies that suggest that bilinguals are more accurate 
in perceiving (Singh et al., 2018) and producing the phonological 
details of words (Kehoe, 2018). However, some other evidence 
describes considerable variability in how they appreciate the fine-
grained phonological details of words, with capacities that are some-
times comparable or inferior to those of monolinguals (perception: 
Fennell & Byers-Heinlein, 2014; Havy et al., 2016; Wewalaarachchi 
et	al.,	2017;	production:	MACLeod,	Laukys,	&	Rvachew,	2011).	One	
direction for future researches would be to test the influence of bi-
lingual experience on children's ability to visually treat words that 
are minimally distinct.

F I G U R E  3   Mean difference score between the PLT (proportion 
of target looking times) during the pre-naming period and the PLT 
during the post-naming period (PLT in post-naming period minus 
PLT in pre-naming period), with the PLT being defined as target/
(target + distractor). Positive values indicate greater looking to the 
target object rather than the distractor upon naming. Individual 
data points are overlaid on group means for the auditory learning 
group (a) and the visual learning group (b) in the ‘same modality’ 
and the ‘cross-modality’ test conditions. Black diamonds refer to 
bilingual participants. White circles refer to trilingual participants. 
Error bars represent the standard deviation of the mean
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Moving beyond lexical considerations alone, it could be the case 
that bilingualism hones low-level cross-modal exchanges between 
the auditory and visual modality. This is supported by brain imagery 
evidence showing that bilingual children (Della Rosa et al., 2013) and 
adults (Li, Legault, & Litcofsky, 2014) have more gray matter density 
and cortical thickness in two multisensory pathways that are highly 
engaged in audio–visual speech processing and are more inclined to 
bind auditory and visual features of speech (McGurk illusion, Marian, 
Hayakawa, Lam, & Schroeder, 2018) and non-speech events (Double 
flash illusion, Bidelman & Heath, 2019. Sound-color synesthesia, 
Ward, 2013; Watson et al., 2017). However, bilingual infants do not 
always outperform monolinguals in bridging their auditory and visual 
experiences (McGurk illusion, Mercure et al., 2019; Sound symbolism: 
Fort, Lammertink, et al., 2018; Pejovic & Molnar, 2017; Synesthesia: 
Watson et al., 2017). Future studies should test whether bilinguals’ 
capacity to perform cross-modal translation upon visual speech is 
linked to more domain-general multisensory abilities.

In overview, bilingual success in the visual-to-auditory transla-
tion may arise from the joint action of all the aforementioned ele-
ments including perceptual, cognitive and lexical achievements. It 
could also stem from their capacity to take advantage of a pitfall of 
our design. The cross-modal word learning task we used was built 
up with a familiarization phase that children received prior to en-
tering the lexical learning phase. During the familiarization phase, 
children had an opportunity to experience the word forms in the 
audio–visual modality. The familiarization was primarily designed 
to promote multisensory processing and was carefully controlled 
for duration to avoid any inferences. In monolinguals, the famil-
iarization did not promote cross-modal recognition upon visual 

learning. Yet bilinguals have been found to have better attention 
and memory skills and better capacities to reason and draw com-
plex inferences in the auditory and visual domain (Becker, Prat, 
& Stocco, 2016; Hara & Tappe, 2016). Therefore, it could be the 
case that bilinguals exploit this source of information to bridge the 
gap in the sensory information available during lexical learning and 
infer the auditory or visual correspondence of the word. Future 
studies should control this issue by using different words during 
familiarization and lexical learning.

Importantly, the bilingual edge, in the visual-to-auditory trans-
lation, did not surface as strongly in all learning situations as there 
was significant by-item variation. Such variation was not found in 
auditory word learning. This calls into question the generality and 
robustness of the bilingual advantage and its contingence to the ma-
terial being used. Future studies should replicate these effects using 
other word-object pairings.

Along	 these	 lines,	bilingual	children	were	considered	as	a	group,	
but bilingual children do not all share the same language exposure 
history and may therefore not approach the task the same way. First 

TA B L E  4   Results of a maximum likelihood estimated model 
predicting bilingual children's performance in the different test 
conditions of visual word learning. Parameter estimates include the 
mean performance (M) in the different conditions, the estimated 
coefficient (Estimate) of the fixed effects and t-test statistics, the 
variance of the random effects and Wald Z statistics. Significant 
main effects and interactions are bolded

Parameters

Parameters 
estimates
Estimate (SE) T-test statistics

Fixed effects

Main effects and interactions

Test condition −3.70	(5.35) t(15.40) = 0.69, p = .50

Naming period 6.29 (3.13) t(142.63) = 2.01, p = .047

Naming 
period × test 
condition

2.47 (4.51) t(142.63) = 0.55, p = .59

Variance (SE) Wald Z statistics

Random effects

Participants on 
intercepts

0.11 (0.13) Wald Z = 0.82, p = .41

Items on intercepts 0.45 (0.27) Wald Z = 1.66, p = .10

TA B L E  5   Results of a maximum likelihood estimated model 
comparing monolingual and bilingual children's performance in 
the different test conditions of auditory word learning. Parameter 
estimates include the estimated coefficient (Estimate) of the fixed 
effects and t-test statistics, the variance of the random effects 
and Wald Z statistics. Significant main effects and interactions are 
bolded

Parameters

Parameters 
estimates
Estimate (SE) T-test statistics

Fixed effects

Main effects and interactions

Language status 0.45 (4.11) t(32.57) = 0.11, p = .91

Test condition −1.67	(4.13) t(34.73)	=	−0.40,	p = .69

Naming period 9.88 (3.25) t(240.53) = 3.04, p = .003

Language 
status × test 
condition

−0.50	(5.67) t(31.04)	=	−0.09,	p = .93

Naming 
period × test 
condition

3.00 (4.60) t(240.53) = 0.65, p = .52

Language 
status × naming 
period

−1.80	(4.39) t(240.53)	=	−0.41,	p = .68

Language 
status × naming 
period × test 
condition

−3.39	(6.21) t(240.53)	=	−0.55,	p = .59

Variance (SE) Wald Z statistics

Random effects

Participants on 
intercepts

0.10 (0.08) Wald Z = 1.21, p = .23

Items on intercepts 0.13 (0.08) Wald Z = 1.54, p = .12
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and foremost, there is evidence that bilingual language outcomes are 
influenced by the amount of input received in each language (Bijeljac-
Babic, 2018). Bilingual preschoolers who spend 40% or more of their 
waking hours since birth in a given language environment are more 
likely to attain receptive and expressive vocabulary achievement in that 
language, comparable to that of monolinguals (Thordardottir, 2019; 
Unsworth, 2016). Here, the majority of participants (n = 37/48) re-
ceived more than 40% of French exposure and post-hoc analyses did 
not yield any significant effect of this factor (ts < 2). Future studies 
testing more children with lower amounts of French should determine 
whether there is some threshold in language dominance that critically 
affects the sensory format of the emerging lexicon.

Along	these	lines,	it	must	be	noted	that	bilingual	input	not	only	
varies in quantity but also in quality and that children receiving their 
dominant language with more heavily accentuated foreign input may 
be more inclined to search for visually available speech cues to re-
solve auditory uncertainties. This is supported by evidence showing 
that monolingual adults attend more to visible speech information 
when dealing with accentuated speech (Zheng & Samuel, 2019). 
Future studies should evaluate the language proficiency of parental 
input and determine its influence on bilinguals’ capacity to establish 
lexical representations upon visible speech.

Importantly, bilingual word learning behavior may also be influ-
enced by the relative similarity of the languages to be learned. This 
is supported by findings showing that bilingual infants and preschool 
aged children who learn languages that share similarities at the pho-
nological and lexical level are more likely to attend to the talker's 
mouth than bilinguals learning more distant languages when viewing 

someone talking (Birulés et al., 2018). It could hence be the case that 
these children perform better in our task than the other bilinguals. 
Given the variety of languages represented in our sample, additional 
study is needed to explore such effects.

Another	point	of	relevance	is	the	consideration	of	age	at	second	
language exposure. The current study focused its scope on simul-
taneous bilinguals, which are bilinguals exposed to both languages 
from birth. But there is the case of sequential bilinguals who are 
learning one language first and then another one later. The distinc-
tion between the two language experiences is of importance as there 
are maturational epochs in early childhood during which the devel-
oping brain is optimally more open to visual experiential influences 
(Birdsong, 2018; Choi, Black, & Werker, 2018). This is illustrated by 
adult studies who found that early childhood exposure is crucial for 
using relevant visual speech information to separate languages vi-
sually (Weikum et al., 2013) and boost non-native phonetic discrim-
ination (Burfin et al., 2014). Early childhood exposure also promises 
more balanced lexical abilities across the two languages (Junker & 
Stockman, 2002). Future studies should explore whether the bilin-
gual advantage observed in the current study holds for children who 
have later second language experience.

In the same vein, it should be stressed that our bilingual population 
was uniquely exposed to spoken languages. But there is also the case 
of bimodal bilinguals who exhibit a singular form of bilingualism that in-
volves both spoken and sign language. This population is mainly found in 
families where hearing children are raised by deaf parents and experience 
one language exclusively in the visual modality. The extent use of the vi-
sual modality may convey an edge in attending to the visible orofacial 

Parameters
Parameters estimates
Estimate (SE) T-test statistics

Fixed effects

Main effects and interactions

Language status 0.06 (0.06) t(16.61)	=	−0.01,	p = .99

Test condition 5.45 (7.17) t(13.90)	=	−0.76,	p = .46

Naming period 8.61 (3.40) t(260.03) = 2.54, p = .01

Language status × test condition −9.21	(8.78) t(16.31)	=	−1.05,	p = .31

Naming period × test condition −11.40	(4.84) t(260.03) = −2.36, p = .02

Language status × Naming period −2.32	(4.53) t(260.03)	=	−0.51,	p = .61

Language status × naming 
period × test condition

14.87 (6.48) t(260.03) = 2.14, p = .03

Variance (SE) Wald Z statistics

Random effect

Participants on intercepts 0.07 (0.08) Wald Z = 0.82, p = .42

Items on intercepts 0.40 (0.20) Wald Z = 2.03, p = .04

Estimate (SE) T-test statistics

Planned comparisons

Testing bilingual influence on naming effects

Same modality −2.32	(4.41) t(152.31)	=	−0.53,	p = .60

Cross-modality 11.55 (4.59) t(105.79) = 2.52, p = .01

TA B L E  6   Results of a maximum 
likelihood estimated model comparing 
monolingual and bilingual children's 
performance in the different test 
conditions of visual word learning. 
Parameter estimates include the 
estimated coefficient (Estimate) of the 
fixed effects and t-test statistics, the 
variance of the random effects and Wald 
Z statistics. Planned comparisons compare 
monolingual and bilingual children on the 
size of the naming effects in each test 
conditions (language status × naming 
period). Significant main effects and 
interactions are bolded
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information of the spoken language. This is supported by evidence show-
ing that many sign languages use facial expressions (raised eyebrows, 
distinct mouth configurations) to mark linguistic structure (Zeshan, 2004) 
and that using sign language enhances the ability to discriminate fa-
cial expressions (Stoll et al., 2017) and retain visuo-spatial information 
(Geraci, Gozzi, Papagno, & Cecchetto, 2008). Besides, bimodal bilinguals 
frequently produce elements of both languages at the same time without 
a cost. This cross-modal code blending between languages may give an 
edge in forming cross-modal associations. However, there is concurrent 
evidence that the interest for the mouth in bimodal bilinguals is infe-
rior	to	that	of	unimodal	bilinguals	(Mercure	et	al.,	2019).	Alongside	this,	
studies have found that attention shifting and generalization of memory 

content across modalities which are foundational to cross-modal associ-
ations are inferior to those of unimodal bilinguals (Emmorey, Luk, Pyers, 
& Bialystok, 2008). Future studies should address this issue by comparing 
unimodal and bimodal bilingual populations.

Finally, if being bilingual is advantageous, what about being 
trilingual. Trilingualism is generally treated in the relevant liter-
ature as another type of bilingualism, and theories and findings 
from studies of bilinguals are often assumed to be applicable to 
trilinguals by extension, but trilingualism may have distinct conse-
quences (Schroeder & Marian, 2017). Trilingual experience places 
an increased burden on memory and executive processes. The 
processing demand associated to acquiring a third language may 
bolster certain bilingual advantages or excessively drain resources 
and even fail to elicit the advantages observed in bilinguals, par-
ticularly given the low cognitive supply in infants and toddlers. In 
this respect, the literature documents various outcomes of trilin-
gual experience in diverse executive (Brito et al., 2015; Poarch 
& Bialystok, 2015) and lexical tasks (Byers-Heinlein et al., 2013; 
Mieszkowska et al., 2017). In our study, about a third of our par-
ticipants were exposed to a third language but this exposure was 
relatively small (5%–11%) and post-hoc analyses did not yield any 
significant effects of this factor (ts < 2). Future studies should 
evaluate how trilingual children with a more balanced language 
experience behave in our word learning task.

In sum our study documents a bilingual edge in how children 
bridge their auditory and visual experience of speech during lex-
ical	 acquisition.	Adopting	 a	 developmental	 lens,	 future	 researches	
should explore whether this advantage holds for younger and older 
ages.
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