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Abstract

The ability to differentiate between two languages sets
the stage for bilingual learning. Infants can discriminate
languages when hearing long passages, but language
switches often occur on short time scales with few cues
to language identity. As bilingual infants begin learn-
ing sequences of sounds and words, how do they detect
the dynamics of two languages? In two studies using
the head-turn preference procedure, we investigated
whether infants (n = 44) can discriminate languages at
the level of individual words. In Study 1, bilingual and
monolingual 8- to 12-month-olds were tested on their
detection of single-word language switching in lists of
words (e.g., “dog... lait [fr. milk]”). In Study 2, they were
tested on language switching within sentences (e.g., “Do
you like the lait?”). We found that infants were unable
to detect language switching in lists of words, but the
results were inconclusive about infants’ ability to detect
language switching within sentences. No differences
were observed between bilinguals and monolinguals.
Given that bilingual proficiency eventually requires de-
tection of sound sequences across two languages, more
research will be needed to conclusively understand
when and how this skill emerges. Materials, data, and
analysis scripts are available at https://osf.io/9dtwn/.
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1 | INTRODUCTION

All bilingual environments involve periodic switching between languages either within or across
speakers, and an ability to detect these switches is foundational to bilingual infants’ successful
language acquisition and later language use. Previous research has tested infants’ detection of
language switches at longer time scales, such as following narrative-like passages (e.g., Bosch &
Sebastian Galles, 2001; Nazzi et al., 1998). However, little is known about infants’ ability to detect
language switches at shorter time scales. Given that language learning in the first year of life is
largely focused on sequences of sounds and words, how do infants process switches at the level
of individual words? The ability to detect a transition between languages in a sentence such as
“Look at the chien [fr. dog]” would presumably support bilingual infants’ emerging representa-
tions of words in two languages (Byers-Heinlein, 2014; Curtin et al., 2011). The present studies
tested whether bilingual and monolingual 8- to 12-month-old infants, who are just beginning to
learn words, can detect single-word language switches.

Language switches are frequent in many bilingual infants’ language environments. While
the amount of language switching varies across families and communities, most bilingual par-
ents switch languages in interactions with their children, with some children hearing language
switches in as many as 2/3 of utterances (Bail et al., 2015; Byers-Heinlein, 2013; Kremin et al.,
2021). Language switching can take several forms. First, parents may alternate their languages at
the point of a sentence boundary (e.g., “Regarde ici [fr. look here]! Do you see the dog?”). Second,
they may switch languages within a sentence by borrowing a single word from another language
(“Do you want your toutou [fr. stuffed animal]?”). Finally, they can switch across isolated words,
such as when teaching new words (e.g., “Look! Dog! Chien [fr. dog]!” Byers-Heinlein, 2013).
Some of these types of language switches may be more difficult for infants to detect than others.

Most research on infant language discrimination has focused on cross-sentence switching in
long passages of speech. In one study, newborns born to bilingual mothers, who were exposed
to both English and Tagalog during pregnancy, were tested in a habituation paradigm (Byers-
Heinlein et al., 2010). After hearing sentences in one of their maternal languages until they lost
interest, newborns showed renewed interest only when the stimuli switched to the other lan-
guage, suggesting that they could detect the language change. Thus, following prolonged ex-
posure to a language in a long passage, even newborn bilinguals are able to detect language
switches for some language pairs. More evidence for infants’ ability to discriminate languages
across longer time scales comes from studies of Spanish-Catalan bilingual 4-month-olds (Bosch
& Sebastian Galles, 2001) and Spanish-Basque 3.5-month-old bilinguals (Molnar et al., 2014),
as well as studies including monolingual infants, from birth to 5 months of age (e.g., Bahrick &
Pickens, 1988; Nazzi et al., 1998, 2000). In these studies, language rhythm, an aspect of prosody
that is largely related to variation in consonant and vowel duration, appears to play a role in de-
tecting language switches (Gasparini et al., 2020). Rhythmic information is richer in multisyllabic
utterances (Ramus et al., 1999); thus, these studies leave open the question of whether infants
can detect language switches over shorter time scales where rhythmic cues are less available.

Some recent evidence suggests that at least older infants might be able to detect language
switches across shorter time scales, for example when switches involve a single word (e.g.,
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“Do you see the chien [fr. dog] over there?”). In an eye-tracking study (Byers-Heinlein et al.,
2017), 20-month-olds looked less at a target image when the target word was language-switched
(“Look at the chien”) compared to when the target word was of the same language (“Look at the
dog”). Similar results were found for English-Spanish bilingual 18- to 30-month-olds (Morini &
Newman, 2019; Potter et al., 2018, 2019). Additional evidence for detection of language-switched
words comes from a study of English-Welsh bilingual 2- to 3-year-olds’ event-related potentials
(Kuipers & Thierry, 2012). Together, these studies suggest that by their second year of life, bilin-
gual infants have some ability to detect a language switch at the level of individual words.

Even during the first year of life, infants possess prerequisite abilities that could help them
to detect single-word language switches. While direct evidence for this is sparse, several studies
indicate that infants’ budding knowledge of sounds and words could enable them to detect such
variation. First of all, monolingual infants learn about the sound patterns in their native language
prior to the onset of word production (Werker, 2018), and 6- to 9-month-olds show precursors of
word comprehension for frequent words by looking at a labeled referent (Bergelson & Swingley,
2012, 2015; Kartushina & Mayor, 2019). While such studies have yet to be done with bilingual
infants, ample evidence suggests that bilingual infants make rapid gains in learning about the
sounds (i.e., phonetic inventory) and allowable combinations of sounds (phonotactics) of their
two languages. Within the first year, both monolinguals (Kuhl et al., 2006; Werker & Tees, 1984)
and bilinguals (Albareda-Castellot et al., 2011; Burns et al., 2007; Sundara et al., 2008) become
perceptually specialized to the sounds of their native language, and further, bilingual infants
are sensitive to patterns of sounds that are typical in their dominant language (Sebastian Galles
& Bosch, 2002). Moreover, bilingual infants start to recognize the sound patterns of frequently-
heard familiar words by 11 months (Vihman et al., 2007), though as mentioned above more
studies are needed on bilinguals’ early word comprehension. Thus, it is possible that even young
bilinguals could exploit their developing knowledge of sounds and sound patterns to detect
single-word language switches, at least for certain highly frequent and familiar words.

Here, in two studies, we investigated whether infants are able to detect single-word language
switches. We tested 8- to 12-month-old infants, because at this age they have already acquired
knowledge about the sounds and sound patterns in their native language(s) and have started
to learn about the words in their language(s) as well. Infants listened to single-language and
switched-language speech, and their listening times (operationalized as looking times) were
measured using the head-turn preference procedure. Words were presented in a word list in
Study 1 or following a naturally produced sentence frame in Study 2, which allowed us to test
whether the local context of a language switch matters for infants’ detection of single-word lan-
guage switches. On single-language trials, infants heard only one language, for example, “dog...
milk... dog... milk...” in Study 1 or “Do you like the dog? I want the milk!” in Study 2. On switched-
language trials, infants heard words from two languages, for example, “dog... lait [fr. milk]... dog...
lait...” (Study 1) or “Do you like the chien [fr. dog]? I want the lait!” (Study 2). The same infants
participated in both studies during the same laboratory visit.

We predicted that infants would succeed in detecting language switches both in word lists
(Study 1) and in sentences (Study 2), indexed by significantly different looking times to single-
language and switched-language trials, although we did not predict a direction of the difference
given the challenge of doing so for a new paradigm (Aslin, 2007). It was also possible that infants
would only succeed at detecting language switches when embedded in a sentence. Multi-word
utterances are more common than single-word utterances in input to children (Brent & Siskind,
2001), which may facilitate infants using their day-to-day language processing abilities more
fully for sentence-embedded (Study 2) compared to single-word (Study 1) language switches.
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Furthermore, most previous studies of early language discrimination have used stimuli that con-
tained long passages of speech, and from this research, we know that rhythmic cues are import-
ant to language discrimination (e.g., Ramus, 2002). In a similar vein, bilingual toddlers were
better at recognizing familiar words when they were embedded in a sentence than when they
were heard in isolation (Morini & Newman, 2019). Hearing “Do you like the...” provides infants
with more exposure to sequences of sounds and words in the language being spoken prior to a
language switch.

We tested both bilingual and monolingual infants. While we expected all infants to detect
the switches, we expected that bilinguals might show a larger effect (i.e., a larger looking time
difference) than monolinguals. This would indicate that everyday exposure to two languages en-
hances this ability. Another possible outcome would be that bilingual and monolingual infants
show equivalent detection of language switches, suggesting that this ability is not related to the
experience of hearing both languages. Testing both bilingual and monolingual infants allowed us
to investigate how language exposure interacts with infants’ ability to detect language switches.

2 | STUDY 1: LANGUAGE SWITCHES IN WORD LISTS
2.1 | Method

The present study was conducted according to guidelines laid down in the Declaration of
Helsinki, with written informed consent obtained from a parent or guardian for each child be-
fore any assessment or data collection. This study was approved by the Concordia University
Human Research Ethics Board (certificate #10000439) and the Princeton University Behavioural
Research Ethics Board. All parents provided informed written consent prior to their infants’ par-
ticipation in the study. Materials and methods are available at https://osf.io/9dtwn/.

2.1.1 | Participants

Participants were 21 English-French or English-Spanish bilingual infants, as well as 20 mono-
lingual infants. Instead of a power analysis, we conducted a sensitivity analysis, which is useful
when there are constraints on time and participant recruitment (e.g., for hard-to-recruit popula-
tions like bilingual infants, Schott et al., 2019; Lakens et al., 2018). Using a sensitivity analysis
in G*Power (Faul et al., 2007), we found that a mixed ANOVA with a sample size of 20 infants
per group would yield 80% power to detect an effect of Cohen's d = .45. This value was used as
our minimum effect size of interest for equivalence tests (presented in the Results section), and
is comparable to the average effect size found in a meta-analysis of familiar word recognition
studies using similar stimuli and testing mostly monolingual samples of the same age (Cohen's d
= 0.54, retrieved from MetaLab; see also Carbajal et al., 2021). Our original research plan was to
test bilingual infants only, but we were able to further explore the effect of language background
when an opportunity arose to test monolingual children in Montreal, Canada. Bilingual children
were recruited in both Montreal, Canada (English-French bilinguals, n = 14) and in New Jersey,
USA (English-Spanish bilinguals, n = 7). The language environment in these two communities
is quite different: In Montreal, both English and French are widely spoken in the community,
while in New Jersey, English is the majority language. The original research plan involved test-
ing a sufficient number of bilingual infants in both locations to enable a comparison, but due
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TABLE 1 Information about infant participants in Studies 1 and 2, presented separately for bilingual and
monolingual groups

Language Age % English
background N Min Mean Max % Male dom.
Study 1
Bilingual 21 7 months 29 days 9 months 19 days 12 months 16 days 33 48
Monolingual 20 7 months 29 days 8 months 24 days 10 months 2 days 50 30
Study 2
Bilingual 20 7 months 29 days 9 months 6 days 11 months 17 days 40 55
Monolingual 17 7 months 29 days 8 months 25 days 10 months 2 days 47 29

All infants were tested in both studies in the same laboratory visit, but in a few cases infants only successfully completed one
study. For monolinguals, the column % English-dominant denotes the percent of children who were English monolinguals. As
monolingual children were only tested in Montreal, children who were not English-dominant were French-dominant.

to recruitment difficulties, only a limited number of infants in New Jersey met the language
inclusion criteria articulated below and could be tested. Thus, the data from both locations were
combined. Further information on age and gender is displayed in Table 1.

Infants’ language exposure was assessed using the Multilingual Approach to Parent Language
Estimates (MAPLE; Byers-Heinlein et al., 2020) which assesses infants’ month-by-month expo-
sure to languages from birth to the test date. Infants were considered monolingual if they were
exposed to 90% or more of English or French, and bilingual if they were exposed to 25-75% of
English and 25-75% of French or Spanish. The language that infants were exposed to the most
was considered their dominant language, and the percentage of infants dominant in English
is reported in Table 1. On average, bilingual infants tested in Montreal heard their dominant
language 63% (range: 42%-75%) and their non-dominant language 36% (range: 26%-50%) of the
time. Bilinguals tested in New Jersey heard their dominant language 57% (range: 51%—-73%) and
their non-dominant language 43% (range: 27%-49%) of the time. Monolinguals tested in Montreal
heard their dominant (native) language on average 98% (range 91-100%) of the time. Two bi-
linguals had exposure to a third language (13% and 20% exposure, respectively). The Language
Mixing Scale (Byers-Heinlein, 2013) was used to assess exposure to parental language mixing,
and bilingual infants heard more mixing than monolingual infants (bilingual infants: 13.05,
SD = 7.39, range = [0-25]; monolingual infants: 5.55, SD = 5.01, range = [0-16]; t[37] = 3.73,
p = .001, Cohen's d = 1.16). All participants were reported to have normal vision and hearing.
Infants and their families were recruited through government-supplied birth lists, as well as in
daycare centers, playgroups, and other child-focused community activities. Infants in New Jersey
were tested between August 2016 and November 2017 and infants in Montreal were tested be-
tween February 2017 and November 2018.

To achieve the final sample, 68 infants and their families participated in the study. Two partic-
ipants were tested during a pilot phase to verify that the study procedure was feasible and were
not included in data analysis. Of the remaining infants, one was born prematurely (<37 weeks)
and thus did not meet our health criteria, and 16 did not meet the pre-specified language criteria.
Four infants were excluded for technical difficulties or experimenter error. Additionally, four in-
fants were excluded for contributing fewer than 8 trials with at least 2.5 s of looking time. Trials
shorter than 2.5 s were excluded because infants needed to listen at least that long in order to
encounter a switched-language word. Some infants completed fewer than 16 trials because they
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were fussing and their parent ended the study early, but in these cases, infants were not automat-
ically excluded from analysis and all usable trials were analyzed. There were no other exclusion
criteria.

2.1.2 | Stimuli

In the head-turn preference procedure, visual stimuli were presented on both center and side
screens to attract infants’ attention. The visual stimuli differed between the Montreal and New
Jersey test locations due to different laboratory conventions. Infants tested in Montreal saw an
animation of a spinning rainbow-colored citrus; infants tested in New Jersey saw a video record-
ing of an orange flashing light. This was not expected to affect the pattern of results, as the visual
stimulus only served to attract infants’ attention, and was constant across auditory stimuli.

Speech stimuli for infants tested in Montreal were recorded by a native English-French bi-
lingual, and for infants tested in New Jersey by a native English-Spanish bilingual. All words
were non-cognates, and were chosen because they are, on average, acquired early in language
development. Word pairs presented together in a trial were always of the same grammatical gen-
der and were thematically dissimilar (Willits et al., 2013). To the extent possible, we avoided
overlapping word onsets or codas, and we matched word pairs on number of phonemes, word
frequency, and stress patterns (which was not possible for English-French disyllabic words due
to differences in typical stress patterns across languages). Due to these constraints, the word pairs
in the English-French and the English-Spanish versions of the study are partially but not fully
overlapping. For the English-French version of the study, word pairs were dog-milk, kitty-book,
mouth-door, cookie-foot and their French translations; for the English-Spanish version, word
pairs were doggy-balloon, kitty-foot, mouth-milk, cookie-door and their Spanish translations.
Examples of the stimuli used in the study can be seen in Table 2, and all original stimuli can be
seen in Table S1 and downloaded at https://osf.io/9dtwn/.

Each word was recorded separately, in a friendly, infant-directed manner, and then combined
to form single-language (e.g., dog...milk) and switched-language trials (e.g., dog...lait). Speakers
were asked to produce a consistent, hill-shaped prosodic contour across items (Nencheva et al.,
2021), and we selected tokens that sounded similar in their prosody across languages. Individual
words were presented in alternation with a 500 ms pause between each word. Trials lasted 20.4-
22.6 s depending on the length of the audio file. All looking times were capped at the shortest
trial length to avoid introducing a difference in looking time based on the length of the audio file.

2.1.3 | Procedure

Infants sat on their caregiver's lap in a sound-attenuated room with three monitors, one centered,
one to the left, and one to the right of the infant. The caregiver listened to music through a set of
headphones to avoid influencing the infant's reactions. The experimenter controlled the study
via custom MATLAB software (Olson, 2017). The experimenter was in a different room for in-
fants tested in Montreal or in the same room but listening to masking music through headphones
for infants tested in New Jersey. In both cases, the experimenter was unaware of the experimen-
tal condition on each trial. At the start of each trial, the visual stimulus appeared on the center
screen. Once the experimenter observed that the infant looked at the center screen, the visual
stimulus appeared on either the left or the right screen. When the infant turned their head to look
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at the side screen, the experimenter pressed a button and the auditory stimulus started playing.
The trial ended when the infant looked away from the side screen for two consecutive seconds,
or once the entire trial was complete (~ 21 s). If the infant looked to the side for <2 s total on any
trial, that trial was skipped and then automatically repeated after the final trial.

Infants first completed two practice trials, which presented a non-language sound (Montreal:
whistle sound; New Jersey: beep tones). Next, infants encountered 16 test trials. Half of the test
trials were single-language trials, where all target words were in a single language. The other
half were switched-language trials, where the language alternated between English and French
(Montreal) or English and Spanish (New Jersey). Single-language trials were presented in a con-
sistent language for each infant, to limit the occurrence of language switches between trials, such
that language switches primarily occurred within switched-language trials. Monolingual infants
heard the single-language trials in their native language, and bilingual infants were randomly
assigned to hear single-language trials in their dominant or their non-dominant language.

The order of trials was pseudo-randomized, with the constraint that the same word pairs
could not appear on consecutive trials, and no more than three trials of one type (single-language,
switched-language) appeared consecutively. Each trial type appeared equally on the left and the
right side, and no more than three consecutive trials appeared on the same side. The side of pre-
sentation was independent of the stimulus type.

Parents were asked about their child's language background using the LEQ structured in-
terview and MAPLE approach (Byers-Heinlein et al., 2020), which asks about the child's life-
time exposure to different languages. Furthermore, parents filled out the Language Mixing Scale
(Byers-Heinlein, 2013), which asks how often parents switch between their languages when
speaking to their infant. For one infant tested in Montreal and one tested in New Jersey, scores
from the Language Mixing Scale were not available. As part of standard laboratory protocols,
Montreal parents also completed a questionnaire with general demographic information, as well
as the MacArthur-Bates Communicative Development Inventories in American English (Fenson

TABLE 2 Examples of single- and switched-language trials for English-French and English-Spanish
versions of the studies

Language pair Version Single-language Switched-language
Study 1
English-French English Dog... Milk... Dog... Lait...
French Chien... Lait... Chien... Milk...
English-Spanish English Doggy... Balloon... Doggy... Globo...
Spanish Perro... Globo... Perro... Balloon...
Study 2
English-French English Do you like the milk? Do you like the lait?
I want the dog! I want the chien!
French Aimes-tu le lait? Aimes-tu le milk?
Jeveux le chien! Je veux le dog!
English-Spanish English Do you like the balloon? Do you like the globo?
I want the doggy! I want the perro!
Spanish ¢Te gusta el globo? ¢Te gusta el balloon?
Quiero el perro. Quiero el doggy.

Note: Each participant heard only one version (e.g., an English-French bilingual was randomly assigned to hear either the
English or the French version of the study). Non-English words are in italics.
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et al., 2007) and Quebec French (Trudeau et al., 1999). Questionnaires were completed either
prior to or following the experimental portion of the study. Infants received a certificate and/or a
small gift for their participation.

2.1.4 | Coding

During the study, a trained experimenter blind to the auditory stimuli watched the infant
through a live video feed and pressed buttons corresponding to a look to the left, right, or center
monitor. A trained research assistant later re-coded the videos offline, frame-by-frame, with the
sound off. For five participants, no offline coding was conducted, due to technical difficulties
with the video recording (n = 4) and due to a procedural omission because the participant did
not complete the minimum looking criterion (n = 1), and so the online coded data was analyzed.
In these cases, we excluded trials that the experimenter flagged as coding errors, but retained the
rest of the trials, as correlations between online and offline coding were high. We performed two
checks to compare the experimenter's online coding to the offline coding (following Ferguson
& Lew-Williams, 2016). First, the correlation between the offline and online coders’ assessment
of total looking times for each trial indicated high agreement for infants tested in Montreal (r
=.98, 95% CI [.98,.99], t{430] = 110.03, p < .001) as well as those tested in New Jersey (v = .97,
95% CI [.95,.98], t[62] = 31.77, p < .001). Of particular importance for the head-turn preference
procedure is whether the trial ended correctly during online coding, as the dependent measure
is the total looking time for a trial. Recall that the experimental program ended a trial 2 s after an
infant had looked away. A buffer of +/-.5 s was allowed to account for the time the online coder
needed to react during the study. We thus examined the proportion of trials where the end time
was either less than 1.5 s after the infant had looked away (indicating a trial that ended earlier
than intended) or more than 2.5 s after the infant had looked away (indicating a trial that ended
later than intended), according to offline coding. Overall, 10.89% of trials ended earlier than in-
tended and 3.42% of trials ended later than intended. We did not exclude trials with these errors,
but used offline-coded looking times in statistical analyses for all infants (when available).

2.2 | Results
2.2.1 | Main Analyses

We assessed infants’ detection of language switching by measuring their looking times (i.e., lis-
tening times) to single- vs. switched-language word lists. Looking times were log-transformed
for all statistical analyses (Csibra et al., 2016), and figures show looking times prior to log
transformation. After excluding trials with low looking time, the final sample of participants
contributed on average 15.49 trials (range: 8-16). Data were analyzed using R version 4.0.3 (R
Core Team, 2020) and the reproducible manuscript was created using papaja and citr (Aust,
2019; Aust & Barth, 2020). Looking times are shown in Table 3 and Figure 1 for each group
(bilingual, monolingual) on each trial type (single-language, switched-language). Figure
2 shows the same data but using difference scores of looking time across trial types (calculated
a8 Mitched - Miingte) in order to highlight individual infants’ performance. The average looking
time for single-language trials was 8.55 s (SD = 2.61 s) and for switched-language trials was
8.69 s (SD = 1.95 s).
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We conducted ANOVAS to investigate whether infants’ looking patterns were affected by trial type
(single-language, switched-language) and infants’ language background (bilingual, monolingual).
Due to difficulties in recruitment in New Jersey, we were unable to add test location as a between-
subjects variable as we only had seven participants in New Jersey. In the Supporting informations,
we reported a separate ANOVA with the same design on data from infants tested in Montreal only, as
well as descriptive data on the infants tested in New Jersey, which showed patterns consistent with
the combined analysis presented here. In a 2 X 2 mixed ANOVA with trial type (single-language,
switched-language) as a within-subjects factor and language background (bilingual, monolingual) as
a between-subjects factor, we found no statistically significant main effects (trial type: F[1, 39] = 0.21,
MSE = 0.04, p = .652, language background: F[1, 39] = 1.13, MSE = 0.09, p = .295) or interaction
(F[1,39] = 0.01, MSE = 0.04, p = .930). Thus, we did not find any evidence of greater attention to one
trial type over the other, and bilinguals and monolinguals performed similarly.

Given the lack of a statistically significant difference, we then aimed to understand if our
results reflected a true null effect or if we had insufficient power to detect a significant effect. To
do so, we conducted equivalence tests (Lakens et al., 2018) to examine whether the effect size
is likely smaller than our smallest effect size of interest, and therefore test for the absence of an
effect. We set the smallest effect size of interest to be d = 0.45, based on the minimum detectable
effect size we found in our sensitivity analysis (Lakens, 2017). The equivalence test comparing
the observed effect size in Study 1 to the smallest effect size of interest (i.e., of d = 0.45) was
significant (t[40] = 2.42, p = .010), meaning that the observed effect size (d = 0.06) was signifi-
cantly within the interval from d = —0.45 to d = 0.45. This result indicates that we can reject a
true effect size larger than d = 0.45 (or smaller than d = —0.45). In other words, the equivalence
test suggests a true null result for infants’ looking times on single- and switched-language trials
in lists of words.

2.2.2 | Exploratory analyses

We conducted additional analyses to examine individual differences in infants’ detection of lan-
guage switching. These analyses should be interpreted with caution, as they were exploratory.
First, we calculated a Pearson correlation to examine whether infants who heard more language
mixing at home performed differently in the experimental task than those who heard less lan-
guage mixing at home. However, there was no evidence of a correlation between infants’ lan-
guage mixing score and their difference scores comparing looking time to single-language and
switched-language trials (r = .15, 95% CI [—0.17, 0.44], t[37] = 0.93, p = .360).

TABLE 3 Mean looking times (standard deviations) and effect sizes in Studies 1 and 2

Mean looking time (SD)

Language background Single-Language Switched-Language Cohen's d
Study 1

Bilingual 8.78 (2.88) 8.95 (2.23) 0.07

Monolingual 8.30(2.34) 8.42 (1.62) 0.06
Study 2

Bilingual 8.01 (3.25) 8.73 (2.66) 0.24

Monolingual 7.54 (2.29) 8.13 (2.20) 0.26
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FIGURE 1 Mean looking times for single-language and switched-language trials. Looking times averaged
across participants are displayed separately for each language group. Left: Study 1 (word lists). Right: Study 2
(natural sentences). Error bars indicate standard error of the mean

Second, we examined whether bilingual infants who heard single-language trials in their
dominant language performed differently from those who heard the single-language trials in
their non-dominant language. This was motivated by previous findings that infants’ process-
ing of language switching in word comprehension is asymmetrical across the two languages
(Byers-Heinlein et al., 2017; Potter et al., 2018, 2019). Descriptively, the effect size for the dif-
ference between single and switched trials was larger for the subgroup of bilingual infants for
whom the single-language trials were in their dominant language (dominant language: Cohen's
d = 0.38, n = 8; non-dominant language: Cohen's d = —0.09, n = 13). However, the two-sample
t-test comparing difference scores of looking to single and switched trials between participants
tested in their dominant compared to non-dominant language was not statistically significant
(¢{19] = 1.33, p = .198). We note that the subgroups tested in each language were very small, and
thus our analysis is both underpowered and subject to non-meaningful fluctuations in observed
effect size. However, our results leave open the possibility that infants would detect language
switches if the majority of words were in their dominant language, and this could be examined
systematically in future investigations.

Third, we also explored whether bilingual infants who are exposed to their two languages
in a more balanced manner (close to 50%/50%) respond differently in our task compared to un-
balanced bilingual infants (those closer to 25%/75%). To investigate this, we correlated infants’
performance in the task with their exposure to the non-dominant language (ranging from 25% or
“unbalanced” to 50% or “balanced”). We found no statistically significant correlation (r = —.17,
95% CI [—0.56, 0.28], t{19] = —0.75, p = .465), suggesting that balanced and unbalanced bilin-
guals performed similarly in Study 1.

2.3 | Discussion

Study 1 indicated that 8- to 12-month-old bilingual and monolingual infants were unable to de-
tect single-word language switches in word lists. There was no difference between infants’ look-
ing times on single-language compared to switched-language trials, and the effect size of the
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FIGURE 2 Difference scores showing individual participants’ looking time to switched-language relative
to single-language trials (Mgyitched ~ Msingte)- Higher values on the y-axis indicate longer looking to switched-
language trials, and lower values indicate longer looking to single-language trials. This figure shows the same
data as Figure 1, but displayed to highlight individual participant data

difference was statistically equivalent to zero. It may be that infants were unable to detect the
language-switched words because the word lists used in the task are not typical of natural speech.
Language input to children largely consists of multi-word utterances and sentences, rather than
words in isolation (Brent & Siskind, 2001). Thus, naturally occurring language switches may be
more likely to be embedded within a sentence. Study 2 examined whether infants can detect
language switches within natural sentences.

3 | STUDY 2: LANGUAGE SWITCHES IN SENTENCES
3.1 | Method
3.1.1 | Participants

Participants in Study 2 were 20 English-French or English-Spanish bilingual infants and
17 monolingual infants, largely overlapping with the infants who participated in Study 1 (see
Supporting informations). Infants were tested in Study 1 and then Study 2 during the same
visit. Inclusion criteria and number of infants excluded for health and language were the same
as those in Study 1. One infant did not participate in Study 2 due to fussiness (their caregiver
stopped participation during Study 1). Additionally, infants were excluded for equipment failure
or experimenter error (n = 2), as well as for contributing fewer than eight trials with at least 2 s
of looking time (n = 9). The minimum looking time in Study 2 was set to 2 s, which was the first
moment infants would be able to hear a language switch.
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3.1.2 | Stimuli

The visual stimulus was a video of a colorful animated pinwheel (Montreal) or an orange flashing
light (New Jersey), distinct from but comparable in attractiveness and salience to the visual stimuli
used in Study 1. Study 2 used the same nouns as Study 1, but they were presented in a sentence con-
text instead of in isolation (see examples in Table 2 and the full list in Table S1 in the Supporting in-
formations). Both single- and switched-language trials began with a phrase in the same language, i.e.,
in English, French, or Spanish (e.g., English: “Do you like the ...”/ “I want the ...”). On single-language
trials, the sentence-final target noun was presented in the same language as the sentence frame,
whereas on switched-language trials the sentence-final noun was presented in the other language.
The same bilingual female speakers produced the stimuli in Studies 1 and 2. The recordings used to
create the stimuli for Study 2 were not spliced, but were recorded in a single session to retain the natu-
ralistic articulatory features of the language switch. Care was taken to ensure that prosody, intonation,
and phonetic realization were appropriate for the intended language, especially for words adjacent to
the language switch. Words embedded in a statement sentence had a hill-shaped prosodic contour,
and words embedded in a question had a rising prosodic contour (Nencheva et al., 2021). Trials lasted
20.4-24.6 s and were capped at the length of the shortest sound file, comparable to Study 1.

3.1.3 | Procedure

The trial structure and experimental procedure were the same in Studies 1 and 2. Infants first
completed Study 1, and then the researcher asked the parent to play with their infant while
Study 2 was set up. This break was typically 2-3 min long, unless the infant needed to be fed or
changed. We chose to present Study 2 after Study 1 because we expected that the naturalistic
sentences presented in Study 2 would be more engaging to infants than the word lists presented
in Study 1, thus increasing the likelihood of infants remaining attentive throughout both studies.

3.1.4 | Coding

The same coding procedure from Study 1 was used for Study 2. For five participants, offline coding
was not available, either due to technical problems with the video recording (n = 4), or due to a proce-
dural omission because the participant did not complete the minimum looking criterion (n = 1). Data
from the participants without video recording were retained because correlations between online and
offline coding were high. The correlation between online and offline coding of total looking times for
each trial was high for infants tested in Montreal (r = .94, 95% CI[0.92, 0.95], t{409] = 53.76, p < .001)
as well as New Jersey (r = .95, 95% CI [0.87, 0.98], t[14] = 11.69, p < .001). Offline coding showed
9.51% of trials ended earlier than intended and 6.28% of trials ended later than intended. As in Study
1, we did not exclude trials with these errors, but used offline-coded looking times when possible.

3.2 | Results
3.2.1 | Main Analysis

The analytic strategy for Study 2 paralleled that of Study 1. After excluding trials with low look-
ing and participants who subsequently did not provide the minimum number of trials to be
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included, the final sample on average contributed 15.08 trials (range: 9-16). The average look-
ing time for single-language trials was 7.80 s (SD = 2.82 s) and for switched-language trials was
8.45 s (SD = 2.44 s). The results for Study 2 can be seen in the right panels of Figures 1 and
2. Log-transformed looking times were entered into a 2 X 2 ANOVA with trial type (single-
language, switched-language) as a within-subjects factor and language background (bilingual,
monolingual) as a between-subjects factor. Trial type was not statistically significant (trial type:
F[1, 35] = 1.98, MSE = 0.04, p = .168), and neither were the other main effects and interac-
tions (language background: F[1, 35] = 0.24, MSE = 0.18, p = .626; interaction trial type X lan-
guage background: F[1, 35] = 0.04, MSE = 0.04, p = .840). This indicates that neither bilingual
nor monolingual infants detected differences between single-language and switched-language
sentences.

As in Study 1, we used equivalence tests to test whether our observed effect size was smaller
than our minimal detectable effect size of Cohen's d = 0.45. The equivalence test was not statis-
tically significant ({[36] = 1.31, p = .099), meaning that the observed effect size (d = 0.25) in our
study may not fall significantly within the interval of d = —0.45 to d = 0.45. This indicates that we
cannot reject the hypothesis that the true effect size is Cohen's d = 0.45 or larger (or smaller than
d = —0.45). Thus, our data are unsurprising in both cases, whether they were sampled from a
null distribution centered around 0 (based on our ANOVA), or whether they were sampled from
a distribution centered around d = 0.45 (based on the equivalence tests). In this case, we have
insufficient data to draw a definite conclusion (Lakens et al., 2018), and future research will need
to include a larger sample size.

3.2.2 | Exploratory analyses

We again examined individual differences in performance as a function of exposure to language
switching and language dominance. There was no correlation between infants’ language mixing
score and their difference scores between looking time to single-language and switched-language
trials (r = —.08, 95% CI [—0.41, 0.26], t[33] = —0.48, p = .636). In the small subgroup of bilin-
gual infants tested in their dominant language, anecdotally effect sizes were larger (dominant
language: Cohen's d = 0.39, n = 9; non-dominant language: Cohen's d = 0.15, n = 11), although
again, a two-sample t-test comparing difference scores for those tested in their dominant and
non-dominant language was not statistically significant (¢{[18] = 0.25, p = .805), and subgroups
tested in each language were very small. Thus, in Studies 1 and 2, descriptively larger effects were
observed when single-language trials were presented in the dominant language, and this should
be investigated more systematically. The correlation between balance of exposure for bilinguals
and task performance trended toward but did not reach statistical significance (r = —.43, 95%
CI [-0.74, 0.01], t[18] = —2.04, p = .056), with less balanced children showing a numerically
larger difference in looking to single- compared to switched-language trials. This finding should
be replicated in a larger sample size before we can interpret it.

3.2.3 | Comparison of Studies 1 and 2.
We compared infants’ looking times in Studies 1 and 2 in a 2 X 2 X 2 ANOVA with trial type

(single-language, switched-language) and study (Study 1, Study 2) as within-subject factors, and
language background as a between-subject factor. We did not include the three-way interaction
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between trial type, study, and language background due to concerns about low statistical power.
Only participants who had usable data in both studies were included (n = 33). The main effect of
study was statistically significant (F[1, 31] = 8.41, MSE = 0.06, p = .007), indicating that regard-
less of trial type, infants looked longer in Study 1 than Study 2 (Mgyay 1 = 8.62, Mgyygy » = 8.12).
None of the other main effects or interactions were statistically significant (trial type: F[1,
31] = 0.88, MSE = 0.06, p = .357; language background: F[1, 31] = 1.33, MSE = 0.19, p = .258;
trial type X study: F[1, 32] = 0.88, MSE = 0.03, p = .356; study X language background: F[1,
31] = 0.01, MSE = 0.06, p = .905). This suggests that infants’ looking times were not affected by
trial type across both studies.

4 | GENERAL DISCUSSION

Bilingual infants regularly encounter switches between their two languages. Often these switches
occur following long passages of speech, but they can also consist of a single word borrowed from
the other language (e.g., “What a cute chien [fr. dog]”). Using the head-turn preference proce-
dure, we tested whether bilingual and monolingual infants could detect single-word language
switches by measuring their attention to single-language versus switched-language stimuli. We
used two complementary types of statistical tests: ANOVASs in a null hypothesis framework and
equivalence tests. ANOVAs indicate whether our observed effect is significantly different from
zero and surprising under the null hypothesis, and equivalence tests indicate whether the ob-
served effect is within the bounds of the smallest effect size of interest we set, and therefore
practically not meaningful in the context of our study.

The results from Study 1 overall indicate that infants could not detect single-word language
switches. However, the results from Study 2 were inconclusive: they do not provide strong evi-
dence either way with regards to whether infants can detect switches that occur in naturalistic
sentences. The effect size in Study 2 was small, but non-zero (d = 0.25). Such an effect size is not
unexpected both in the case that infants cannot perform the task and in the case that they can.
Furthermore, we had expected language switches in sentences to be easier to detect, yet we did
not find a difference between Studies 1 and 2 in the omnibus ANOVA.

There are two main reasons why we had expected a larger effect in Study 2. First, sentences
are more typical of infants’ everyday experiences, allowing them to engage mechanisms that
support real-time language processing, such as statistical learning and prediction (see Potter
& Lew-Williams, 2019). This may enable anticipation of the sounds and sound patterns that
match the preceding words and “surprisal” when the actual perceived sounds do not match
those. Second, the switched-language sentences were produced naturalistically rather than
by splicing, which might have afforded extra cues (e.g., coarticulation) in the speech signal
even prior to the actual switch location (Fricke et al., 2016). In contrast, the isolated words
were recorded in English-only and French-only contexts and thus did not provide additional
coarticulatory cues to the switch. Nevertheless, we believe that future studies should prioritize
studying language switches in sentences, since the equivalence tests in Study 2 indicated a
possibly meaningful effect size. At the same time, it should be noted that infants participated
in our studies in a fixed order, to minimize fussiness and attrition as we predicted that Study
2 would be more interesting to the infants. A study published after the current work was un-
dertaken suggests that infants with more previous experience with the head-turn preference
procedure in other laboratory visits showed a larger novelty preference than those with less
experience (see Santolin et al., 2021). Although in our case infants were tested twice within
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the same laboratory visit, we cannot rule out the possibility that infants’ experience in Study 1
boosted their performance in Study 2.

We had predicted that bilinguals would show larger differences in response to language
switching than monolinguals, but this was not supported by the data. Instead, neither bilinguals
nor monolinguals showed evidence of detecting switches in either study. Within the bilingual
group in Study 2 (language switches embedded in sentences), there was a non-significant trend
for less balanced bilinguals to show a stronger effect than more balanced bilinguals, a finding
which should be tested in a larger sample before it can be interpreted. Based on our results, we
cannot say whether routine exposure to two languages affects infants’ ability to detect deviations
from a single language. Even if our results had shown that both bilinguals and monolinguals
can detect language switches at this age, they may do so via different underlying processes. It
may be that bilingual infants detect switches by recognizing certain sounds and words in each
of their languages, which appear in different combinations in single- and switched-language
trials. In contrast, monolingual infants were only familiar with one of the languages in the study
and thus could succeed on such a task by simply listening longer during trials that contained
unfamiliar sounds and words (i.e., switched-language trials). Given our inconclusive results, our
data cannot currently speak to these intriguing possibilities. To better understand the reasons
behind bilingual and monolingual infants’ performance on this task, future studies could avoid
these issues of interpretation by using novel words that conform to phonological patterns in each
language, but are unfamiliar to both groups.

Although we did not observe an impact of bilingual vs. monolingual language exposure in
this investigation, there may be differential sensitivity to language switching depending on the
frequency of switching in the bilingual input. This frequency is known to vary across different
language communities and individual families (Bail et al., 2015; Byers-Heinlein, 2013; Kremin
et al., 2021). In a recent study on English-French bilingual infants in Montreal, parental lan-
guage mixing was a relatively rare occurrence (Kremin et al., 2021; Orena et al., 2019), but there
may be much more language mixing in other communities, such as certain English-Spanish
bilingual communities in the United States (Bail et al., 2015). There appears to be variation in
how English-French and English-Spanish bilingual toddlers learn words in switched-language
sentences (Byers-Heinlein et al., under review), which raises the possibility that there are early-
emerging differences in processing across different bilingual communities. While we had orig-
inally planned to compare these two populations in our analyses, the small sample size of the
English-Spanish group prevented us from doing so. This is a limitation of our study that we hope
will be remedied in future work. Studies that examine language mixing and bilingual input in dif-
ferent communities will be crucial for understanding pathways to bilingual proficiency. It would
also be interesting to explore how individual differences in language mixing, language balance,
and dominant language status interact with the detection of language switches. We computed
separate correlation measures for these factors and found no significant relationships, but we
found a trend for enhanced sensitivity when detecting switches embedded in the dominant lan-
guage. We were not able to directly compare the performance of French-English and Spanish-
English bilinguals due to sample size limitations. However, we believe that including data from
two bilingual communities is likely to make our results more generalizable. Future investigations
exploring these moderators together would illuminate which aspects of the bilingual experience
are most important to language switching.

Finally, it is important to consider whether our null/inconclusive results could be due to
limitations of our experimental design to tap into infants’ underlying ability. We tested infants
using the head-turn preference procedure, which has yielded strong effect sizes in meta-analyses
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(Bergmann et al., 2018), and has been revealing about many aspects of infants’ speech percep-
tion in infants of this age (e.g., Carbajal et al., 2021; Gasparini et al., 2020). However, we do note
that other tasks have shown that older infants and toddlers are sensitive to single-word language
switching. For example, several studies using both behavioral and ERP methods have found
evidence that infants and toddlers respond distinctly to single-word language switching when
viewing visual referents of the words spoken on the task (Byers-Heinlein et al., 2017; Kuipers
& Thierry, 2012; Morini & Newman, 2019; Potter et al.,2018, 2019). Each of these studies tested
children who were somewhat older than our participants (1.5-3 years old), who are more likely
to have robust lexical representations of the stimuli. For such children, seeing a referent such as
a picture of a dog when hearing “I like the ...” could help infants generate predictions about the
upcoming word, which then might help them recognize when they hear chien instead of dog. We
cannot rule out that 8- to 12-month-old infants might succeed in a task that provides them with
the visual referent. Nonetheless, our findings raise the possibility that perceptual information
without referential context may be insufficient to support the detection of single-word language
switches in young infants.

Our overarching research question was how bilingual infants make sense of the dual lan-
guage input they are exposed to. From the literature, we know that 0- to 4-month-olds can show
successful cross-sentence language discrimination (for a review, see Gasparini et al., 2020) and
that in the second year of life they can detect single-word language switching (Byers-Heinlein
etal., 2017; Kuipers & Thierry, 2012; Morini & Newman, 2019; Potter et al.,2018, 2019). Our study
was novel because it tested whether infants can detect language switching during the period in-
between these ages, when infants first start to recognize words. We did not find evidence that
infants can detect single-word language switching at this age. This could mean that the ability to
detect single-word language switching only starts to develop in the second year of life. If this is
the case, it is unlikely that bilingual word learning in the context of mixed-language input relies
on infants implicitly treating words from their two languages as belonging to different categories
(Byers-Heinlein, 2014). It could be that more robust lexical knowledge is required for infants to
be able to distinguish single words from two different languages. Since we did not find statisti-
cally significant results, we cannot resolve this question. We hope that the studies described here
can be a stepping stone toward answering this question. Future research can also disentangle
which cues are most relevant to children to detect single-word language switches. For example,
we have discussed lexical knowledge and coarticulation, but other factors such as phonology and
phonotactics can also play a role. Together, existing research reveals that language discrimina-
tion is multifaceted, spans multiple levels of language, combines multiple perceptual domains,
and may change over the course of development. Future work will need to determine both the
nature of “successful” discrimination and the ultimate learning-related value of discriminating
languages in the first place.

The present studies provide two main contributions. First, this work highlights a gap in the
research into how bilingual infants make sense of their dual language input. While there is ample
evidence that bilingual infants can discriminate some languages from birth when they hear whole
sentences (Gasparini et al., 2020), it is only later in development around 20 months that the liter-
ature reports conclusive evidence for the ability to detect language switches for individual words
(e.g., Byers-Heinlein et al., 2017). On the one hand, it may be that this is a much more difficult
task with a protracted developmental time course. On the other hand, more sensitive experimental
designs might be able to detect this ability earlier in development. This points to a more nuanced
bilingual language development than previously thought. Second, we have reported results from
two empirical studies aiming to directly test infants’ detection of single-word language switches.
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The results from Study 1 were null, and those from Study 2 were inconclusive. Although these
findings are somewhat unsatisfying, it is nonetheless important that they have a place in published
literature rather than in the “file drawer” (Nelson et al., 2018). We have shared our materials, data,
and analysis scripts, so that our research can contribute to future empirical studies, comprehen-
sive reviews, and meta-analyses. We hope that this work will motivate further research into how
infants navigate the dynamics of language input in environments where two languages are pres-
ent, in turn illuminating how bilingual infants acquire proficiency in both their languages.
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