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Abstract

Language mixing is common in bilingual children’s learning environments. Here, we investigated 

effects of language mixing on children’s learning of new words. We tested two groups of 3-year-

old bilinguals: French–English (Experiment 1) and Spanish–English (Experiment 2). Children 

were taught two novel words, one in single-language sentences (“Look! Do you see the dog on the 

teelo?”) and one in mixed-language sentences with a mid-sentence language switch (“Look! Do 

you see the chien/perro on the walem?”). During the learning phase, children correctly identified 

novel targets when hearing both single-language and mixed-language sentences. However, at test, 

French–English bilinguals did not successfully recognize the word encountered in mixed-language 

sentences. Spanish–English bilinguals failed to recognize either word, which underscores the 

importance of examining multiple bilingual populations. This research suggests that language 

mixing may sometimes hinder children’s encoding of novel words that occur downstream, but 

leaves open several possible underlying mechanisms.
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Introduction

By definition, children growing up in bilingual environments encounter switches between 

their languages. Some switches occur when different people use different languages, while 

others occur when a bilingual speaker mixes two languages. Switches are more common in 

some families than others, and they can happen at both very short and very long intervals. 

Many switches even occur within individual sentences (see Ervin-Tripp & Reyes, 2005; 

Sridhar & Sridhar, 1980). In a natural-play study with Spanish–English bilingual families, 

all caregivers mixed two languages within sentences at least once, and some parents mixed 

languages in as many as one-third of their utterances (Bail, Morini & Newman, 2015). 

Indeed, parents sometimes produce mixed-language sentences even when they overtly try 

to avoid it (Bail et al., 2015; Goodz, 1989). Given that language mixing is a normal 

part of bilingual environments, it is important to understand its relationship to children’s 
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language learning. Here, we investigated whether and how language mixing affects 3-year-

old children’s learning of new words.

Language mixing has been shown to affect toddlers’ comprehension of familiar words. 

In an eye-tracking paradigm, 20-month-old French–English bilinguals saw two familiar 

objects on a screen (e.g., dog, book), and one object was labeled in either a single-language 

sentence (“Find the dog!”) or a mixed-language sentence (“Find the chien!”; Byers-Heinlein, 

Morin-Lessard & Lew-Williams, 2017). Toddlers were less accurate in looking to the target 

object when they heard it labeled in the mixed-language sentence than in the single-language 

sentence, particularly when switching occurred from their dominant to non-dominant 

language. This finding has been replicated with Spanish–English bilingual toddlers (Morini 

& Newman, 2019; Potter, Fourakis, Morin-Lessard, Byers-Heinlein & Lew-Williams, 2019). 

However, not all types of language mixing affected word comprehension: when the language 

switch occurred at a sentence boundary, toddlers’ looking to the target object was not 

disrupted (Byers-Heinlein et al., 2017).

If language mixing can affect the processing of familiar words, then this could affect the 

processing of subsequent unfamiliar words. Support for this idea comes from studies of 

incremental, real-time language processing with monolinguals. For example, in one study, 

toddlers heard sentences that ended with a word that was unfamiliar to them, such as 

“Mommy feeds the ferret”. Their looking patterns indicated that they were able to use the 

verb “feeds” to infer that “ferret” was an animal rather than an inanimate object (Goodman, 

McDonough & Brown, 1998). Children’s efficiency in using familiar words to facilitate 

processing of subsequent words has been linked to vocabulary size and later vocabulary 

growth in both monolinguals (Fernald & Marchman, 2012; Fernald, Perfors & Marchman, 

2006; Lany, 2018; Lew-Williams & Fernald, 2007) and bilinguals (DeAnda, Hendrickson, 

Zesiger, Poulin-Dubois & Friend, 2018; Hurtado, Grüter, Marchman & Fernald, 2014; 

Legacy, Zesiger, Friend & Poulin-Dubois, 2016; Marchman, Fernald & Hurtado, 2010). 

Based on this work, we hypothesized that the momentary processing delays associated with 

language mixing would impact the learning of a novel word that appeared later in the 

sentence.

To date, few studies have investigated links between language mixing and vocabulary growth 

in young children, and their results are equivocal. One large study (N = 181) with children 

aged 18 and 24 months learning English and a variety of other languages found that parents 

who reported more language mixing often had children with smaller vocabulary sizes 

(Byers-Heinlein, 2013). A smaller study did not find clear links between parental language 

mixing in the laboratory and vocabulary size in 18- to 24-month-olds (Bail et al., 2015). 

Two studies that measured mixing more indirectly (i.e., as the proportion of 30-minute 

blocks of time where both English and Spanish were spoken) also reported no links between 

mixing and 2.5-year-old children’s language development (Place & Hoff, 2011, 2016). The 

correlational nature of these studies makes it difficult to establish causation, as they cannot 

separate effects of mixing from other potentially confounding factors, such as parents’ 

language proficiency, or children’s absolute quantity of language exposure.
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The goal of the current research was to examine whether and how mid-sentence language 

mixing might affect children’s learning of a novel word that is spoken moments later. 

Given that language mixing is a common practice both within and across sentences and that 

children are exposed to thousands of new words throughout the first years of life, we sought 

to understand the intersection of these important aspects of bilingual development.

As a secondary goal, we sought to understand the generalizability of our results across 

different groups of bilingual learners. Testing two groups of bilingual toddlers in the 

same paradigm has been quite rare in the literature, likely because of the challenge of 

recruiting and testing such populations (Byers-Heinlein et al., 2020). Our strategy was to 

test the most representative populations of bilinguals in two communities: French–English 

bilingual children growing up in Montreal, Canada (Experiment 1), and Spanish–English 

bilingual children growing up in New Jersey, USA (Experiment 2). Previous work has 

demonstrated that language mixing affects real-time word comprehension among children 

from both of these communities, which sets the stage for informed interpretation of data in 

the current study (Byers-Heinlein et al., 2017; Morini & Newman, 2019; Potter, Fourakis, 

Morin-Lessard, Byers-Heinlein & Lew-Williams, 2018; Potter et al., 2019)

French–English in Montreal and Spanish–English bilinguals in New Jersey differ along 

multiple dimensions, and here we highlight three particularly important differences. Most 

obviously, the two groups are learning different language pairs. However, because French 

and Spanish are typologically similar languages, we would not necessarily expect different 

effects of language mixing on word learning. The two groups also differ in terms of family/

community norms for language use. Prior studies suggest that parents of Spanish–English 

bilinguals from some communities may code-switch more often in interactions with their 

infants and toddlers than parents of French–English bilinguals in Montreal (Bail et al., 2015; 

Kremin, Alves, Orena, Polka & Byers-Heinlein, 2020). Thus, it is possible that Spanish–

English bilinguals would have more everyday exposure to the type of code-switched stimuli 

that we included in our study, which could make it easier for them to process (Kroff, 

Dussias, Gerfen, Perrotti & Bajo, 2017). Finally, French–English bilingual participants in 

Montreal are generally of mid-to-high socioeconomic status (SES), while Spanish–English 

bilingual participants in New Jersey have a wider range of SES, including many families 

of lower SES. Previous research using related experimental tasks has found that toddlers 

of higher SES have stronger language processing skills than those of lower SES (Fernald 

& Marchman, 2012; Fernald, Marchman & Weisleder, 2013), which makes it plausible 

that French–English bilinguals may demonstrate more successful word learning in our task 

compared to Spanish–English bilinguals. Although any differences observed between the 

two populations could be attributed to one or more of these dimensions of difference, our 

comparison is an important first step for evaluating the generalizability of findings across 

communities of bilingual learners.

Our experiments tested 3-year-old children using an eye-tracking task with a learning phase 

and a test phase, and was based on an existing paradigm designed to test how slow-downs 

in processing of one word might affect learning of a subsequent word (Fernald, Marchman 

& Hurtado, 2008). During the learning phase, children were taught two novel words. One 

novel word always appeared at the end of a single-language sentence (e.g., “Look! Do you 
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see the dog on the teelo?”), and the second novel word always appeared at the end of a 

mixed-language sentence, i.e., a sentence containing one word borrowed from the other 

language (e.g., “Look! Do you see the chien/perro on the walem?”). We chose to code-mix 

at the point of a familiar word that preceded a novel word, rather than at the novel word 

itself (e.g., “Do you see the tileau?”), for two reasons. First, this enabled us to examine 

effects of language mixing on downstream learning, which would not be possible if the 

switch occurred at the novel word itself. Second, this allowed children to use both their 

existing lexical knowledge as well as phonological cues to detect that a code switch had 

occurred. Given that this is the first study to examine this research question, we aimed to 

give children as many cues as possible. In our design, the novel word always appeared in the 

same language in which the sentence began, and this language was randomly assigned to be 

children’s dominant or non-dominant language. While listening to these sentences, children 

viewed pairs of familiar animals on top of novel objects (e.g., a bunny atop a novel purple 

object, and a dog atop a novel green object; see Figure 1). The visual scene required children 

to accurately identify the familiar referent in order to then locate the target novel referent. 

That is, children needed to first look to the dog in order to determine which of the two novel 

objects was being labeled. During the subsequent test phase, the two novel objects appeared 

side by side, with no familiar objects present, and children were assessed on their learning of 

label-object mappings.

Our main prediction was that children would show better learning of the novel word 

encountered in single-language sentences than in mixed-language sentences. Based on 

previous findings (Byers-Heinlein et al., 2017; Morini & Newman, 2019; Potter et al., 2019), 

we hypothesized that this would be due to a temporary disruption in language processing 

upon hearing the borrowed word. Specifically, upon hearing a language switch, children 

would be less able to identify and encode the mapping between the novel label and novel 

object. This would be evident in children’s behavior during the learning phase. Specifically, 

we predicted that on mixed-language trials (relative to single-language trials), children 

would be less successful in identifying the correct familiar object and, in turn, would have 

spent less time gazing at the target novel object.

We also considered several other potential results. First, it is possible that even when 

language mixing disrupts real-time processing, young children’s uptake of new words is 

unaffected. Second, it is possible that we would not replicate previously reported effects 

of language mixing on language comprehension. In this case, we would either find that 

language mixing does not affect word learning, or possibly that it does affect word learning 

but not due to in-the-moment processing difficulties during the learning phase. Finally, 

considering the population differences noted above, French–English and Spanish–English 

bilingual children might show different patterns of looking, listening, and learning. We 

thus not only compared the two groups, but also explored whether individual differences in 

performance during the learning phase, exposure to language mixing at home, vocabulary 

size, or socioeconomic status predicted successful word learning in both the single-language 

and the mixed-language conditions.
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Experiment 1: French–English bilinguals in Montreal

Method

The methods of Experiment 1 were approved by the Concordia University Human 

Research Ethics Committee (“Monolingual and Bilingual Language Development”; approval 

#10000493). Data were collected between November 2016 and April 2017, and parents 

provided informed consent prior to their child’s participation. As is common in laboratories 

that test hard-to-recruit populations such as bilingual children, children participated in 

a second, separate study, either immediately prior to or following participation in this 

experiment (the order of the two studies was counterbalanced). The results of that study 

are not reported here. Stimuli, data, and analysis scripts are available via the Open Science 

Framework at https://osf.io/q2nzr/.

The general concept for the study design was inspired by Fernald et al. (2008), which 

examined how children’s processing of adjective-noun sequences can sometimes derail 

children’s learning of novel words that appear later in the sentence (e.g., “There’s a blue 

cup on the deebo”). Here, children heard a sentence either with or without a mid-sentence 

language switch, which was then followed by a novel noun.

Participants—Children were recruited from a database of families interested in 

participating in research, principally identified via government birth lists. A total of 19 

healthy French–English bilingual children were included in the final sample. A sensitivity 

analysis indicated that this sample size has 80% power to detect an effect size of dz = .68 or 

greater in a two-tailed repeated measures t-test, which is the average effect size observed in 

word recognition paradigms in children older than 16 months according to MetaLab (https://

metalab.stanford.edu; Bergmann et al., 2018). All children were growing up in Montreal. 

Both French and English are widely spoken in the community, and the community generally 

holds positive attitudes toward both languages (Kircher, 2014). Childcare and elementary 

education are widely available in both languages.

Children had an average age of 3.50 years (range: 3.10–4.10). There were 12 males and 

7 females. A modified version of the Language Experience and Proficiency Questionnaire 

(Marian, Blumenfeld & Kaushanskaya, 2007) was used to assess the children’s language 

background and proficiency. As part of the questionnaire, parents were asked to rate their 

child’s proficiency in French and in English. A predetermined inclusion criterion was that 

children were rated at least 7/10 in comprehension in both languages. Language dominance 

was established for each child as the language that was rated the highest for comprehension. 

When ratings were equal in both languages, the child’s dominant language was considered 

to be the mother’s dominant language. There were 10 English-dominant children and 9 

French-dominant children. Age of acquisition of the languages varied across the sample: 

there were 8 children who were regularly exposed to both English and French from birth 

(i.e., were simultaneous bilinguals), and 11 who began regular exposure to their second 

language later in life (in all cases prior to age 18 months), usually upon starting daycare. 

Another 10 children were tested but not included in the final sample due to fussiness (n = 

3), reported health or developmental issues (n = 3), not meeting pre-established language 

criteria (n = 3), or because of technical difficulties (n = 1).
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Children’s exposure to intra-sentential language mixing was measured via the Language 

Mixing Scale, a parent-report questionnaire that assesses the frequency of language mixing 

by the primary bilingual caregiver (Byers-Heinlein, 2014). The scale ranges from 0 (no 

language mixing) to 30 (frequent language mixing). The average score in this sample was 

13.50 (range: 4–28).

Socioeconomic status was assessed via mothers’ highest educational attainment. All mothers 

had completed high school. Specifically, 4 mothers had completed a graduate degree, 9 

had completed a bachelor’s degree, 5 had completed other post-secondary training (e.g., 

college diploma, some university, trade school), and 1 had completed high school but had 

not received further formal education. For subsequent analysis, these categories were then 

converted to approximate years of education (e.g., high school = 12 years, bachelor’s degree 

= 16 years). Mothers’ average educational attainment was 15.80 years (SD = 2.50).

Children’s productive vocabulary was measured in each of their languages. We assessed 

vocabulary via a parent report measure, rather than using a direct measure such as the 

Peabody Picture Vocabulary Test (PPVT; Dunn & Dunn, 2007). This choice was made 

in order to reduce the length of the experimental session for children, as they were also 

participating in a second eye-tracking study. Moreover, some of our research assistants 

did not have sufficient proficiency to administer the test in both languages. We chose 

a vocabulary measure appropriate for this age group, the Developmental Vocabulary 

Assessment for Parents (DVAP; Libertus, Odic, Feigenson & Halberda, 2015), which 

consisted of a checklist of words known by children ages 2–18 years based on words used 

in the Peabody Picture Vocabulary Test (PPVT; Dunn & Dunn, 2007). The DVAP shows a 

high level of concurrent and predictive validity (Libertus et al., 2015). To assess children’s 

vocabulary size in French, we adapted a checklist similar to the DVAP, based on words used 

in the French adaptation of the PPVT (Échelle de vocabulaire en images Peabody; Dunn, 

Dunn & Thériault-Whalen, 1993). The words are ordered from easy (e.g., boy, chair) to 

hard (e.g., honing, angler), and parents were asked to indicate which words their child could 

say. A parent who was familiar with the child’s vocabulary in a particular language filled 

out the form in that language. In some cases, each parent filled out a form in the language 

they usually used to interact with their child, while in other cases the same parent filled out 

both forms. One parent, who was not familiar with the language her child used at daycare, 

had the form filled out by a daycare worker. Data were missing for one language for one 

participant. Of the words on the DVAP, toddlers produced an average of 77 words in their 

dominant language (range: 37–177) and 48 words in their non-dominant language (range: 

2–131), [t(17) = 6.08, p < .001, d = 1.43]. The average number of words produced across 

both languages was 125 (range: 39–308).

Visual stimuli—Visual stimuli consisted of three animals (bunny, dog, fish) and two novel 

objects created for this study. Familiar animals were selected among words known by at 

least 50% of 18-month-olds in English, and at least 50% of 16-month-olds in English (see 

Fenson et al., 2007) and Québec French (Boudreault, Cabirol, Trudeau, Poulin-Dubois & 

Sutton, 2007; Frank, Braginsky, Yurovsky & Marchman, 2017). None of the animals or their 

French translations had phonological overlap at onset, nor were they cognates. Images of 

the animals were chosen from free online libraries. Images of platform-like novel objects 
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were found online and digitally modified, such that they did not closely resemble any known 

object.

On learning trials, the objects were combined in a scene with each familiar object standing 

or sitting on top of a different novel object, with one novel–familiar object pair located 

on each side of the screen (Figure 1). The placement of familiar and novel objects was 

counterbalanced within and across children such that children saw two different familiar 

objects on each trial, but these varied across trials. On test trials, only the two novel objects 

were presented, without animals, and their left–right location was counterbalanced both 

within and across children.

Auditory stimuli—Auditory stimuli were recorded in a child-directed manner by a female 

native bilingual French–English speaker with no perceptible accent in either language. 

Two nonsense words, “walem” (“walème” in French) and “teelo” (“tileau” in French), 

were chosen to label the novel objects. They were produced with French phonology when 

embedded in a French carrier phrase, and English phonology when embedded in an English 

carrier phrase, as judged by native speakers of each language. The two words were carefully 

chosen to each have two syllables, different phonological onsets, different rhymes, and 

sound masculine in French grammatical gender based on the judgment of native speakers. 

Further, their onsets were different from the familiar objects’ onsets. The speaker recorded 

several versions of each stimulus sentence, and the final stimuli were chosen so that the 

single-language and mixed-language sentences were as similar as possible in length, pitch, 

prosody, and naturalness.

During the learning phase, each auditory stimulus consisted of a carrier phrase (“Look! Do 

you see the…” or “Regarde! Vois-tu le…”) that was followed by a familiar target word 

(bunny, dog, or fish) and a novel target word. Each sentence then labeled one of the animals 

and its corresponding novel object, such that children had to process the familiar word in 

order to determine the referent of the novel word. Stimuli were produced naturalistically, 

in either a single-language context where the carrier phrase, familiar target word, and novel 

target word were in the same language (e.g., “Look! Do you see the dog on the teelo?” 

or “Regarde! Vois-tu le chien sur le tileau?”), or in a mixed-language context where the 

familiar word was in a different language from the carrier phrase and the target novel 

word (e.g., “Look! Do you see the chien on the teelo?” or “Regarde! Vois-tu le dog sur le 
tileau?”). The familiar word was always pronounced with the phonology of the language it 

appeared in; “dog” was pronounced with an English accent, and “chien” was pronounced 

with a French accent. The target novel word was always pronounced with the phonology of 

the carrier phrase language. The choice to present the code-switch following the determiner 

was consistent with previous experiments (Byers-Heinlein et al., 2017; Potter et al., 2019). 

Moreover, direct observations of French–English bilingual parents’ code switching suggests 

that they are equally likely to switch within a syntactic phrase as they are to switch between 

syntactic phrases (Kremin et al., 2020).

During the test phase, auditory stimuli consisted of simple sentences that directed children’s 

attention to a target novel object. Sentences during this phase were all in either English (e.g., 

“Can you find the teelo/walem?”) or French (e.g., “Peux-tu trouver le tileau/walème?”), 
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depending on which language corresponded to the carrier phrase that the child encountered 

during the learning phase.

Procedure—Children were seated on their parents’ laps or directly on a chair in front of 

a 24-inch Tobii T60XL corneal reflection eye-tracking system which collected gaze data at 

a rate of 60 Hz (Tobii Group, Stockholm, Sweden) located in a sound-attenuated, dimly-lit 

room, which was used to present the stimuli and record children’s eye gaze. Parents were 

asked to wear darkened sunglasses and headphones so they would be unaware of the 

stimuli. They were also asked not to talk or interact with the child during the experiment. 

Calibration was completed using a built-in five-point calibration routine. The sound was 

set at an average of 70 dB. Children viewed the stimuli in one of four randomly assigned 

experimental orders consisting of 12 learning trials (6 single-language sentences, 6 mixed-

language sentences) immediately followed by 4 test trials. A colourful attention-getter was 

presented prior to each trial to reorient the child to the screen. Children were randomly 

assigned to hear the carrier phrases of both the learning and test phases either always in 

English or always in French. This resulted in 9 children being tested in their dominant 

language, and 10 children being tested in their non-dominant language. A sample trial order 

for a single child is presented in the Appendix.

During each of 12 learning trials, the two novel objects appeared side by side, with a 

different familiar object on top of each of them (e.g., a dog on the teelo, and a bunny on the 

walem). After 2000 ms, the auditory stimulus directed the child to look at the familiar target 

atop the novel target, either in the single-language or mixed-language sentence. The familiar 

word onset occurred exactly at 4500 ms, and the audio for each trial ended at around 6500 

ms, leaving approximately 2000 ms of looking time after the target novel offset; the total 

length of each learning trial was 8500 ms. Each novel object was consistently labeled in a 

single-language or mixed-language sentence, and the assignment of label to sentence type 

was counterbalanced across children. Each familiar target in the learning phase appeared 

eight times, counterbalanced within children for whether it served as a target or a distractor, 

and whether it was encountered in a single-language or mixed-language sentence. The two 

novel objects appeared on every trial, half as target and half as distractor for each child. 

Assignment of label–object pairs was counterbalanced by sentence type across participants 

(i.e., half of participants consistently encountered “teelo” in single-language sentences 

and “walem” in mixed-language sentences, while the other half consistently encountered 

“walem” in single-language sentences and “teelo” in mixed-language sentences). Trial order 

during the learning phase was semi-randomized.

During each of four test trials, only the two novel objects appeared on the screen, presented 

side by side without their corresponding familiar objects. The novel objects appeared in 

silence for approximately 2000 ms, and then the auditory stimulus directed children’s 

attention to a target object such that the target novel word onset occurred at exactly 3000 

ms. Each test trial lasted 6000 ms. Each novel object appeared twice as target and twice as 

distractor, and the side of presentation was counterbalanced both within and across children.

The experimenter monitored the status of the experiment via the eye tracker’s built-in 

camera and controlled the experiment from a computer in an adjacent room using Tobii 
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Studio software. The total duration of the experiment was approximately 4 minutes. Parents 

completed questionnaires either before or after the eye-tracking experiment.

Results and Discussion

Analyses were conducted in R (R Core Team, 2018), primarily using the eyetrackingR 

package (Dink & Ferguson, 2015).

Test phase—To determine if children successfully learned each of the words presented 

during the learning phase, we examined the proportion of time that they looked to 

the labeled object, averaged across the two test trials of each type. Children’s looking 

was measured within areas of interest defined around each object. Following previous 

approaches, data for each trial were collapsed across a time window that began 360 ms after 

the onset of the target word label and ended 2000 ms after, such that the duration of the 

window of analysis was 1640 ms (Swingley, 2012). Trials where the child was inattentive 

were excluded from analyses (i.e., when they looked at the two objects together for less 

than 750 ms). Children completed an average of 1.79 out of 2 trials testing the novel word 

that was encountered during single-language sentences in the learning phase (range: 1–2) 

and 1.53 out of 2 trials testing the novel word that was encountered during mixed-language 

sentences (range: 1–2).

Our main analysis directly compared children’s performance at test across the two 

conditions. A two-tailed paired-samples t-test indicated that children looked significantly 

longer at the target object when its label had been encountered in single-language sentences 

[M = 0.64, SD = 0.05] than when its label had been encountered in mixed-language 

sentences [M = 0.44, SD = 0.06, t (18) = 3.01, p = 0.01, d = 0.69]. Children’s looking 

to the target novel object was significantly above chance (.5) when its label had been 

heard in single-language sentences, [t(18) = 2.69, p = 0.01, d = 0.62], indicating successful 

recognition. However, children’s looking to the target novel object was not significantly 

above (or below) chance when its label had been heard in mixed-language sentences, 

[t(18) = −0.97, p = 0.34, d = −0.22], indicating lack of successful recognition. Together, 

these results suggest that mid-sentence mixing of an informative familiar word can block 

three-year-olds’ learning of a novel word that follows moments later. Results are illustrated 

in Figure 2.

Learning phase—To better understand children’s overall unsuccessful learning of the 

word presented in mixed-language sentences, we investigated their looking patterns during 

the learning phase. We expected that language mixing would affect learning in this study 

by slowing children’s processing of the familiar word, which, in turn, would block children 

from having sufficient time to encode the novel word–object pair. If correct, this would 

manifest as less looking to the labeled objects (both familiar and novel) during mixed-

language sentences than during single-language sentences.

We computed the proportion of time that children looked toward each of the four objects 

onscreen: the familiar target, the novel target, the familiar distractor, and the novel distractor. 

As during the test phase, data for each trial were collapsed across a time window 360–

2000 ms after the familiar word onset. We note that while it is possible that children 

Byers-Heinlein et al. Page 9

Biling (Camb Engl). Author manuscript; available in PMC 2022 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



would need additional time to process the novel word that followed the familiar word, 

this time window afforded maximum sensitivity for detecting potential differences in the 

single-language versus mixed-language contexts (Swingley, 2012). Trials where the child 

was inattentive were excluded from these analyses (i.e., when they looked at the four 

objects on the screen for less than 750 ms total). Children contributed data for an average 

of 5.53 single-language trials (range: 3–6) and 5.63 mixed-language trials (range: 4–6) 

out of 6 possible trials per type. Means and standard deviations of proportion looking to 

each object type (target familiar, target novel, distractor familiar, distractor novel) during 

single-language and mixed-language sentences are displayed in Table 1.

Proportion of looking to the objects was analyzed with a 2 (target type: target, distractor) x 2 

(familiarity: familiar, novel) x 2 (sentence type: single-language, mixed-language) repeated 

measures ANOVA. Statistics are displayed in Table 2; note that chance looking is not 0.5, 

as there were two groups of two objects on the screen. There were significant main effects 

of familiarity (greater looking at novel than familiar objects) and target type (greater looking 

at target than distractor objects). There was also a significant interaction between familiarity 

and target type: looking times to target objects were higher overall, with significantly greater 

looking to novel than to familiar targets, and looking times to distractor objects were lower 

overall, with no significant difference in looking to novel vs. familiar distractors. Critically, 

there were no effects or interactions with sentence type, indicating similar patterns of 

looking across single-language and mixed-language sentences. Across both single-language 

and mixed-language sentences, children looked significantly longer at the target objects than 

the distractor objects after hearing the label (ps < .05). Visual inspection of time course plots 

(Figure 3) confirms that on both single-language and mixed-language sentences, children 

showed similar increases in looking to the labeled objects after naming. These analyses 

suggest that language mixing did not affect children’s accuracy in looking to the labeled 

targets during the learning phase.

Experiment 2: Spanish–English bilinguals in New Jersey

In Experiment 1, we found that mid-sentence language mixing reduced French–English 

bilingual children’s abilities to encode a sentence-final novel word. Instead of using these 

findings to draw conclusions about the nature of bilingual development, we examined their 

generalizability to a different bilingual population. The purpose of Experiment 2 was to 

study how language mixing affects word learning among Spanish–English bilingual 3-year-

olds in New Jersey.

Method

The method of Experiment 2 was approved by the Princeton University Institutional Review 

Board (“Language learning and communication”; approval #7117). Data were collected 

between March 2017 and January 2018, and parents provided informed consent prior to their 

child’s participation. As in Experiment 1, participants in Experiment 2 participated in an 

additional experiment either prior to or after participating in this experiment. Stimuli, data, 

and analysis scripts are available via the Open Science Framework at https://osf.io/q2nzr/.
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Participants—A total of 21 healthy Spanish–English bilingual children were included 

in the final sample. All children were growing up in New Jersey. English is the majority 

language and Spanish is the minority language in this region. Participants were primarily 

recruited via various nonprofit organizations in the region.

Children had an average age of 3.70 years (range: 3.20–4.10). There were 9 males and 

12 females. As in Experiment 1, a modified version of the Language Experience and 

Proficiency Questionnaire (Marian et al., 2007) was used to assess the children’s language 

background and proficiency. Inclusion criteria and definitions of language dominance were 

the same as in Experiment 1. There were 8 English-dominant children and 13 Spanish-

dominant children. For Spanish, all children were exposed regularly from birth. For English, 

8 children were exposed regularly from birth (i.e., were simultaneous bilinguals), 9 were 

exposed after birth but within the first year of life, and 4 were exposed between 12 and 

36 months. Another 5 children were tested but not included in the final sample due to not 

meeting pre-established inclusion criteria for bilingual exposure (n = 4) or reported language 

delay (n = 1).

As in Experiment 1, children’s exposure to parental language mixing was measured via the 

Language Mixing Scale Score (Byers-Heinlein, 2014). The average score in this sample was 

16.50 (range: 0–30). This was not statistically different from the amount of mixing reported 

by parents in Experiment 1 who had a mean of 13.50 [t(38) = 1.18, p = .244, d = 0.37].

Socioeconomic status was assessed via mothers’ highest educational attainment: 7 had 

completed a graduate degree, 4 had completed some university, 5 had completed high 

school, 3 had not completed high school, and 2 did not report. That is, among those 

reporting, 56% of mothers of Spanish–English bilingual children had completed education 

beyond high school; in contrast, 95% of mothers of French–English bilingual children had 

done so. As in Experiment 1, these categories were then converted to approximate years of 

education, and the average educational attainment among mothers of the Spanish–English 

sample was 14.40 years (SD = 4.10). Compared to the Montreal sample, the overall mean 

educational level of the two samples was not dissimilar (Montreal = 15.80, New Jersey 

= 14.40), and these were not different in a Welch’s t-test, which does not assume equal 

variances [t(29.50) = −1.35, p = .188, d = −0.44]. However, the level of education was more 

uniform in the Montreal sample (SD = 2.50) and more variable in the New Jersey sample 

(SD = 4.10), a difference which was significant by Levene’s test [F(1), 36 = 6.36, p = 

0.02]. Thus, we infer that the sample of Spanish–English bilingual children had a different 

profile of socioeconomic status, including more mothers with lower educational attainment, 

compared to the sample of French–English bilingual children.

As in Experiment 1, children’s productive vocabulary size in English was assessed using 

the Developmental Vocabulary Assessment for Parents (DVAP; Libertus et al., 2015) and a 

Spanish adaptation we created for the purposes of this study based on the Spanish version of 

the PPVT (Test de Vocabulario en Imagenes Peabody; Dunn, Padilla, Lugo & Dunn, 1986). 

Data were missing for one language for 1 participant. Of the words on the DVAP, toddlers 

produced an average of 54 words in their dominant language (range: 3–105) and 41 words 

in their non-dominant language (range: 1–107), a difference which was not statistically 
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reliable, [t(19) = 0.90, p = .380, d = 0.20]. The total number of words produced across 

both languages was 93 words on average (range: 31–155). This was significantly fewer than 

French–English bilinguals, who produced an average of 125 words, [t(36) = 2.05, p = .047, 

d = 0.67]. This difference in vocabulary size may be related to differences in socioeconomic 

status between the two samples (e.g., Hart & Risley, 1995; Gilkerson et al., 2017).

Stimuli—Auditory stimuli for Experiment 2 were equivalently structured to those used 

in Experiment 1, and were created with the same constraints (i.e., different phonological 

onsets, different rhymes, and sounded masculine in Spanish grammatical gender). Sentences 

were produced by a female Spanish–English bilingual speaker (e.g., “Look! Do you see the 

dog/perro on the teelo?” / “¡Mira! ¿Puedes ver el perro/dog encima del teelo?”). All other 

aspects of the stimuli were identical to Experiment 1. As in Experiment 1, the language 

of the carrier phrase was consistent for each child (i.e., always in Spanish or always in 

English). Children were randomly assigned to the language of testing: 10 children were 

tested in their dominant language, and 11 were tested in their non-dominant language.

Procedure and reliability coding—The procedure was similar to Experiment 1. 

Children sat on a parent’s lap, and parents wore occluded glasses and headphones with 

music so that they were unaware of the stimuli. Children viewed stimuli approximately 

70 cm from a large, flat-screen television monitor (68 × 122 cm). As no eye tracker was 

available at the satellite lab where data were collected, the experimenter recorded children’s 

eye movements via a video camera below the screen, which had a frame-rate of 29.97 

Hz. Research comparing automatic eye tracking to manual coding suggests that the latter 

results in less data loss, but overall patterns of looking are similar across the two approaches 

(Venker et al., 2020). After testing, a researcher who was unaware of the experimental 

condition coded eye movements, indicating the direction of looks as: left, right, shifting, or 

away. Another researcher also coded 25% of the videos. Inter-coder reliability was 98.7% 

across all video frames, and 97.5% for video frames surrounding only shift events.

Results

Test phase—Analyses for Experiment 2 were similar to those for Experiment 1, focusing 

on children’s looking patterns during the 360–2000ms time window after the object was 

labeled during the test phase, again excluding trials with less than 750 ms of overall looking 

during this time window. Children’s proportion of looking to target was averaged across the 

two test trials of each type. Children completed an average of 1.68 out of 2 trials testing 

the novel word that was encountered during single-language sentences in the learning phase 

(range: 1– 2) and 1.58 out of 2 trials testing the novel word that was encountered during 

mixed-language sentences (range: 1–2).

Overall, children in Experiment 2 appeared unsuccessful at learning either word, as 

displayed in Figure 4. Two-tailed single-samples t-tests showed that children’s looking to 

the target object was not significantly different from chance (.5) for the novel object heard 

in single-language sentences [M = 0.51, SD = 0.07, t (18) = 0.43, p = 0.67, d = 0.10] or 

in mixed-language sentences [M = 0.53, SD = 0.07, t(18) = 0.10, p = 0.92, d = 0.02]. A 

two-tailed paired-samples t-test confirmed that children showed similar looking to the target 
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novel objects heard in the single-language and mixed-language sentences, [t(18) = 1.45, p = 

0.16, d = 0.33].

Learning phase—In these analyses, we investigated whether children’s apparently 

unsuccessful learning of the novel words was due to difficulty locating the labeled referent 

during the learning phase. Because data in Experiment 2 were coded by humans rather 

than an eye tracker, children’s looks were coded in terms of whether looking was at the 

target familiar-novel combination of objects or at the distractor familiar-novel combination 

of objects; finer resolution to the area of interest surrounding each familiar and novel object 

was not possible, which is a limitation of hand coding relative to eye-tracking. Children 

contributed an average of 5.53 single-language trials (range: 2–6) and 5.05 mixed-language 

trials (range: 3–6) out of 6 possible trials per type. Means and standard deviations of 

proportion looking to each object type (target familiar, target novel, distractor familiar, 

distractor novel) during single-language and mixed-language sentences are displayed in 

Table 3.

A two-tailed, paired-samples t-test showed that children’s attention to the target was similar 

for the single-language and mixed-language sentences, [t(18) = −0.97, p = .344, d = 

−0.22]. Children’s looking to the target side was significantly above chance during both 

single-language sentences [M = 0.72, SD = 0.23, t(18) = 4.10, p = .001, d = 0.94] and 

mixed-language sentences [M = 0.67, SD = 0.25, t(18) = 2.86, p = .010, d = 0.66]. Time 

course plots shown in Figure 5 confirm that children showed similar increases in looking to 

the labeled objects after naming for both sentence types. This indicated that language mixing 

did not affect children’s success in orienting to the labeled object during the learning phase.

Comparison of French–English (Experiment 1) and Spanish–English 
(Experiment 2) bilinguals—Next, we directly compared data for French–English 

(Experiment 1) and Spanish–English (Experiment 2) bilingual children. First, we examined 

performance during the test phase in a 2 (population: French–English, Spanish–English) x 

2 (sentence type: single-language, mixed-language) mixed ANOVA (Table 4). The largest 

observed effect was an interaction of population and sentence type, which was expected as 

French–English bilinguals looked longer at the novel target that had been encountered in 

single-language trials than in mixed-language trials, but Spanish–English bilinguals showed 

similar looking to the targets regardless of the presence or absence of mixing. However, this 

interaction did not reach statistical significance (p = 0.06).

Second, we examined performance during the learning phase. A 2 (population: French–

English, Spanish–English) x 2 (sentence type: single-language, mixed-language) mixed 

ANOVA revealed a statistically significant main effect of population, whereby the French–

English bilinguals looked to the labeled target with greater accuracy than did the Spanish–

English bilinguals (Table 5). The main effect of sentence type and the interaction between 

sentence type and population were not statistically significant. Thus, although both groups 

did look more to the target objects than the distractor objects during the learning phase, the 

French–English bilinguals did so more reliably.
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Relationship between learning phase and test performance—In the next two 

sections, we combined datasets from the two populations to explore potential individual 

differences in performance. First, we examined whether performance at test was predicted 

by performance during the learning phase, exploring whether this relationship was 

moderated by sentence type (single-language, mixed-language) and population (French–

English, Spanish–English). Scatterplots visualizing these relationships are shown in Figure 

6. Because one of our predictors was continuous rather than categorical (performance during 

learning), we moved from the ANOVA framework used in the previous analyses to a linear 

mixed-effects model framework. This approach had the additional benefit of modeling the 

data at an individual trial level, which could potentially increase statistical power. Based on 

our previous results, our model included fixed effects of performance during the learning 

phase, sentence type, and population, the interaction between sentence type and population 

(since French–English but not Spanish–English toddlers showed different performance by 

sentence type), as well as random intercepts by participants. Results are shown in Table 6. 

The reference level for population was French–English bilinguals, and the reference level 

for sentence type was single-language. The model equation was prop.test ∼ prop.learning + 

sentence.type*population + (1|id).

The analysis revealed a significant main effect of performance during the learning phase, 

revealing that toddlers who performed better during the learning phase performed better 

at test. There was also a significant interaction between sentence type and population, 

replicating the finding from our previous analysis that French–English bilinguals did better 

on single-language than mixed-language trials, but that Spanish–English toddlers performed 

similarly on both sentence types. This is also reflected in the significant main effect of 

sentence type, which is interpreted at the reference level of French–English bilinguals. We 

compared this model to a larger model that included interactions of all predictors, but found 

no evidence that the more complicated model was a significantly better fit to the data, based 

on a chi-squared test comparing the models.

Individual differences—Next, we were interested in whether performance was related to 

vocabulary knowledge (dominant language vocabulary, non-dominant language vocabulary, 

and total vocabulary), exposure to language mixing, or socioeconomic status. As a first step, 

we computed reliability estimates for infants’ performance in the learning and test phases. 

The reliability of proportion target looking across the 16 learning trials was estimated with 

an intraclass correlation coefficient (ICC), based on a mean-rating (k = 16), consistency, 

2-way random-effects model (ICC3k) using the psych package in R (Revelle, 2021). The 

estimated ICC for training trials was 0.79, 95% CI [0.70, 0.87]. Using a similar approach for 

proportion target looking during the 4 test trials (k = 4), the estimated ICC for test trials was 

0.81, 95% CI [0.71, 0.88]. These values reflect good reliability (Koo & Li, 2016), indicating 

that children showed stable individual variability in our task, which could potentially be 

accounted for by our predictors of interest (for a discussion of the role of reliability in infant 

research, see Byers-Heinlein, Bergmann & Savalei, 2021).

Next, we performed a sensitivity power analysis to determine the magnitude of correlations 

we would be able to detect given our sample size with 80% power, using the pwr package 

in R (Champely, 2020). The analysis indicated that we could detect an observed correlation 
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of r = 0.60 for participants within each community (n = 19/community) and r = 0.44 for 

the two groups combined (N = 38). Thus, we had sufficient power to detect medium to 

large correlations, with greater power for the combined sample than for each community 

separately.

Finally, we computed correlations with the predictors of interest separately for the learning 

and test phases, both for each community separately as well as for the two communities 

combined. Thus, a total of 30 different correlations were computed (see Table 7). Two of 

the correlations approached but did not reach statistical significance, although not when 

corrected for multiple comparisons. Specifically, there were positive correlations in the 

combined sample between performance on the learning phase and total vocabulary size (p 
= 0.07), as well as performance at test and maternal education (p = 0.08). None of the 

other correlations approached statistical significance, even without controlling for multiple 

comparisons (ps ⩾ .10).

General discussion

We tested whether and how language mixing affects novel word learning in 3-year-old 

bilingual children from two language communities: French–English bilinguals in Montreal, 

and Spanish–English bilinguals in New Jersey. Children viewed pairs of familiar animals, 

each perched atop different novel objects, and had the opportunity to learn two novel 

words. One novel word was consistently encountered within single-language sentences (e.g., 

“Look! Do you see the dog on the teelo?”), and one was consistently encountered within 

mixed-language sentences (e.g., “Look! Do you see the chien/perro on the teelo?”). This 

design required children to first identify the familiar referent in order to then locate the 

referent of the target novel noun. At test, children saw the two novel objects without the 

familiar objects, and a sentence directed their attention to the target.

Children’s accuracy in learning novel words differed across the two language communities. 

French–English bilingual children successfully recognized the word that had been 

encountered in single-language sentences, but not the word encountered in mixed-

language sentences. However, Spanish–English bilingual children did not recognize the 

word encountered in either context. Results from French–English bilinguals support the 

hypothesis that language mixing can (at least sometimes) disrupt initial encoding of novel 

words.

Our investigation was motivated by the idea that language mixing can sometimes derail 

children’s recognition of a familiar word, which in turn could derail learning of a novel 

word that occurs moments later. Indeed, substantial previous work has demonstrated that 

both children and adults experience processing costs for language mixing in a range of 

paradigms including eye tracking and speech production (Altarriba, Kroll, Sholl & Rayner, 

1996; Byers-Heinlein et al., 2017; Chan, Chau & Hoosain, 1983; Grainger & Beauvillain, 

1988; Macnamara & Kushnir, 1971; Meuter & Allport, 1999; Moreno, Federmeier & Kutas, 

2002; Morini & Newman, 2019; Potter et al., 2019; Price, Green & von Studnitz, 1999; 

Proverbio, Leoni & Zani, 2004; Soares & Grosjean, 1984; Thomas & Allport, 2000), and 

our stimuli were closely modeled after those used in previous studies. However, our analyses 
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of children’s looking behavior during the learning phase did not necessarily converge 

with these findings. We found that children in both groups did successfully identify the 

familiar object during the learning phase, regardless of whether they encountered its label 

in a single-language or a mixed-language sentence. Eye-tracking data, which was only 

available for French–English bilinguals, additionally revealed that French–English bilinguals 

successfully directed their gaze to the target novel object itself. That is, children across both 

communities generally shifted their eyes to the ‘correct’ location independent of sentence 

type, community, or their previous experience with language mixing. This presents a key 

problem: despite consistently successful looking toward the correct familiar/novel referent 

pair, Spanish–English bilinguals did not appear to successfully learn either of the novel 

word-object mappings (perhaps because they were less efficient overall in orienting to the 

target novel referent), yet French–English bilinguals showed asymmetry in doing so across 

the two sentence types.

Samuelson and colleagues (Horst & Samuelson, 2008; Samuelson & McMurray, 2017) 

make an important distinction between two phases in word learning. The first phase is 

referent selection: determining the likely referent of a novel word. The second phase is 

retention: linking the sound of the novel word to its meaning. A number of recent studies 

have shown that these are dissociable processes in word learning, as children sometimes 

look toward the correct referent without recognizing the word later (Bion, Borovsky & 

Fernald, 2013; Horst & Samuelson, 2008; O’Connell, Poulin-Dubois, Demke & Guay, 

2009). Our findings – using the quite distinct domain of language mixing – confirm the 

dissociable nature of these two components of word learning. That is, during the learning 

phase, children looked toward the labeled object in all contexts, but only French–English 

bilinguals showed successful word learning, and only in the single-language context.

The cognitive demands of our word learning task might have contributed to children’s 

overall difficulty with word learning. First, our learning phase presented children with 

complex visual scenes involving two familiar and two novel objects, which we had modeled 

on previous research with monolingual English-learners of this age (Fernald et al., 2008). 

However, some studies have suggested that the presence of multiple objects can make word 

learning challenging. For example, Horst and Samuelson (2008) presented 24-month-old 

monolingual children with three objects: two familiar objects (e.g., car, cow) and one novel 

object (e.g., ‘splicket’). They instructed children to “Look at the splicket! Which one is 

the splicket?” Children’s knowledge of the familiar objects helped them identify the novel 

object as the referent of the novel word (i.e., referent selection), yet when tested they did 

not appear to retain this link (i.e., retention). Only when provided with additional cues that 

heightened the novel object’s salience, such as ostensive naming, did children retain the 

label. The authors suggested that although the familiar objects helped children identify the 

novel object, they also competed as possible referents for the novel word. Such complexity 

was also present in our design. On each learning trial, children not only encountered the 

target referent (e.g., teelo), but also three other competitors: the familiar target (e.g., dog), 

the familiar distractor (e.g., bunny), and the novel distractor (e.g., walem). Moreover, when 

children heard “Look! Do you see the dog on the teelo?”, they had to infer that the teelo 

was the object underneath the dog – an additional processing step that might have made the 

task especially challenging for some children (see Bion et al., 2013; Goodman et al., 1998; 
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Horst & Samuelson, 2008; and Carey & Bartlett, 1978 for studies that required children to 

make comparable inferences). Our results converge with this theoretical framework, given 

that French–English and Spanish–English bilinguals who spent more time looking at the 

labeled object during the learning phase performed better at test.

In light of these design-related complexities, the data for Spanish–English versus French–

English bilingual children merit special attention. Previous work has demonstrated that 

language mixing affects real-time word comprehension among children from both of these 

communities (Byers-Heinlein et al., 2017; Potter et al., 2018, 2019). Such comparisons are 

essential for evaluating the generalizability of findings across communities of bilingual 

learners. Spanish–English bilinguals did not learn words in single- or mixed-language 

sentences, yet French–English bilingual children were able to learn in the single-language 

condition. While both groups showed above-chance looking toward the target side during 

the learning phase, French–English bilinguals were more efficient in doing so. This likely 

gave French–English bilinguals more time to encode the word-referent link. However, we 

do not currently know why the two groups differed in their orientation behaviors during 

the learning phase. We cannot rule out the possibility that small differences in experimental 

setups, stimuli, and coding approaches between the two labs contributed to our divergent 

findings. We took as many steps as possible to minimize these differences, and both 

labs have a history of detecting subtle processing effects in related paradigms with both 

bilinguals and monolinguals of this approximate age. That said, there are several ways that 

future research could evaluate the robustness and generalizability of these findings. While 

we were able to test a total of 38 children across the two communities, larger samples are 

needed to verify the replicability of the patterns we observed. Moreover, while existing 

paradigms for studying novel word learning in young children are often constrained to 

a small number of items, it will be important to develop new approaches for examining 

children’s learning of larger stimulus sets.

We believe that the differences we observed are likely to be attributable to differences 

between the populations themselves. Indeed, there are wide-ranging differences between 

our two groups of learners, which collectively highlight the importance of examining 

multiple populations in bilingual research. In our dataset, the two samples were similar 

in terms of how much language mixing they encountered (according to parental report), 

although this still leaves open the possibility that they might encounter different types 

of language mixing, which could be either similar to or distinct from our stimuli. We 

did observe that the families of French–English bilingual participants had less variable 

socioeconomic status than the Spanish–English bilinguals (which included more mothers 

who had not completed high school), and that French–English bilingual children had larger 

vocabularies. Previous research points to socioeconomic status as an important influence on 

early language processing and vocabulary growth (e.g., Fernald et al., 2013), and theories of 

language acquisition may need to more explicitly consider interactions between bilingualism 

and socioeconomic status. Indeed, we found weak evidence that, across both communities, 

children with larger vocabularies were more accurate during the learning phase, and those 

from higher socioeconomic backgrounds were more accurate in looking to the target 

object at test, although these results should be interpreted cautiously as correlations were 

marginally significant even prior to correction for multiple comparisons.
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However, it is safe to assume that other dimensions of language experience which we 

were not able to measure directly also play a role in shaping bilingual learning. For 

example, we do not know how typical our chosen novel words were of other words in 

their vocabularies (even though the words were always pronounced with language-specific 

phonology). Moreover, these bilinguals’ learning takes place in different cultural milieus, 

with potentially different family-level and/or society-level differences in language attitudes. 

Research is needed to better understand the microstructure of language use in different 

bilingual households and different bilingual communities (including the communities 

studied here), and how these in turn affect children’s language processing and vocabulary 

growth over time. Efforts to understand variation in dual-language use across languages and 

cultures are currently underway in several countries (e.g., Carbajal & Peperkamp, 2020; 

Orena, Byers-Heinlein & Polka, 2020), which will be critical for furthering knowledge about 

early bilingual development.

Regarding the findings for French–English bilingual children, it is important to consider why 

the single-language sentences (relative to the mixed-language sentences) enabled encoding 

of the link between the novel word and its referent. In addition to children’s equal gaze 

to target referents during the learning phase, many factors were identical across these 

sentence contexts: the same number of objects was visible, the same competition between 

objects was at play, the same inferences were required in both cases, and the same word–

object association demands were required. What differed was whether the label for the 

mid-sentence familiar animal did or did not match the language used in the rest of the 

sentence, and possibly whether that word appeared in the child’s dominant or non-dominant 

language. Why were French–English bilinguals unable to encode the word-referent link in 

the mixed-language condition?

One possibility is that language mixing could present ambiguity or confusion about what 

language the to-be-learned word is in. Some theories of bilingual language acquisition 

posit that even young bilingual learners do encode the language of a word (Byers-Heinlein, 

2014; Curtin, Byers-Heinlein & Werker, 2011). But in contexts with language mixing, the 

language of a word is incrementally less clear, as the preceding sentence suddenly includes 

sounds, syllables, words, and/or phrases from both languages. Although our target novel 

words had clear phonological characteristics of one language or the other (i.e., words were 

pronounced either in an English-like or French/Spanish-like accent), these cues might have 

been insufficient or too fleeting.

A second possibility is that bilingual children learn over time that language mixing does not 

offer an optimal moment for learning, and thus they either implicitly or explicitly disengage 

and/or do not encode novel words that appear in mixed-language sentences. Adult bilinguals 

sometimes mix their languages when they have a lexical gap (Grosjean, 1982) or have 

difficulty retrieving a word (Heredia & Altarriba, 2001). Given evidence that toddlers prefer 

learning word labels that come from certain over uncertain speakers (Birch, Vauthier & 

Bloom, 2008; although see also Buac et al., 2019), it may be that children interpret some 

types of language mixing as a signal of a speaker’s lexical uncertainty in the moment, which 

may hinder real-time encoding of a novel label. This possibility would need to be tested 
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empirically in a future study that broadly examines children’s uptake of new information in 

communicative contexts with frequent vs. infrequent language mixing.

Another approach to evaluating these contrasting – but complementary – ideas would be 

to teach children words in language-mixing contexts with simpler visuals than those used 

in the current design. For example, in an eye-tracking task, the child could view just one 

familiar–novel object pair at a time (e.g., a dog on a teelo, with no distractor), or only one 

novel object at a time, in isolation (e.g., only the teelo). Any heightened success in learning 

words under these simpler task demands would indicate that the cognitive load of the current 

design was too high. However, if language mixing is implicitly or explicitly perceived as a 

sub-optimal learning opportunity, children would avoid learning and/or show failure to learn 

a novel word that is presented in a mixed-language sentence, regardless of task complexity. 

Indeed, there is some evidence to support this possibility. In a study of Mandarin–English 

bilingual 18-month-olds using the Switch task (which presents one novel object at a time 

accompanied by an isolated label), children readily encoded words with full phonetic detail 

in a single-language context, but not in a switched-language context (Singh, Fu, Tay & 

Golinkoff, 2018).

It will also be important for future research to test the same question but in a range of 

language processing contexts, in order to better understand when code mixing does and 

does not impact word learning. In our study, children heard a code-mixed noun prior to 

encountering a novel word. However, code-mixing comes in many other forms, at different 

parts of the phrase, and for different parts of speech. Moreover, parents sometimes code-mix 

by providing immediate translations of words and phrases, which is likely to reflect a 

conscious effort to teach their children new words (Byers-Heinlein, 2013; Kremin et al., 

2020). In the end, it is likely that some types of code-mixing would actually support rather 

than derail word learning (e.g., Read, Contreras, Rodriguez & Jara, 2020).

To conclude, these experiments provide two main contributions to existing research. First, 

the data suggest that language mixing can sometimes hinder bilingual children’s learning of 

new words that occur downstream, but leave open important questions as to why. Second, 

the two experiments show that different populations of bilingual children sometimes perform 

differently on equivalent language tasks. This highlights the need for caution in generalizing 

findings to bilinguals in general, and calls for an increased practice of comparing multiple 

populations of bilingual learners.
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Appendix

Appendix

Sample trial order for French–English bilinguals (Experiment 1).

study 
phase

trial 
#

auditory 
stimulus

sentence 
type

left 
familiar 
object

left 
novel
object

right 
familiar 
object

right 
novel 
object

study 
phase

Learning 1 Look! Do you see 
the chien on the 
walem?

mixed bunny teelo dog walem learning

Learning 2 Look! Do you see 
the bunny on the 
teelo?

single bunny teelo fish walem learning

Learning 3 Look! Do you see 
the fish on the 
teelo?

single dog walem fish teelo learning

Learning 4 Look! Do you see 
the lapin on the 
walem?

mixed bunny walem dog teelo learning

Learning 5 Look! Do you see 
the poisson on the 
walem?

mixed bunny teelo fish walem learning

Learning 6 Look! Do you see 
the dog on the 
teelo?

single dog teelo bunny walem learning

Learning 7 Look! Do you see 
the poisson on the 
walem?

mixed fish walem dog teelo learning

Learning 8 Look! Do you see 
the dog on the 
teelo?

single fish walem dog teelo learning

Learning 9 Look! Do you see 
the lapin on the 
walem?

mixed fish teelo bunny walem learning

Learning 10 Look! Do you see 
the fish on the 
teelo?

single fish teelo bunny walem learning

Learning 11 Look! Do you see 
the chien on the 
walem?

mixed dog walem fish teelo learning

Learning 12 Look! Do you see 
the bunny on the 
teelo?

single dog walem bunny teelo learning

Test 13 Can you find the 
walem?

encountered 
in mixed

NA teelo NA walem test

Test 14 Can you find the 
teelo?

encountered 
in single

NA teelo NA walem test

Test 15 Can you find the 
walem?

encountered 
in mixed

NA walem NA teelo test

Test 16 Can you find the 
teelo?

encountered 
in single

NA walem NA teelo test
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Figure 1. 
Auditory and visual stimuli for learning trials (A) and test trials (B) in Experiment 1 

(French–English bilinguals) and Experiment 2 (Spanish–English bilinguals).
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Figure 2. 
Average proportion looking to target object for French–English bilinguals (Experiment 1). 

Circles show individual data points. Bars represent standard error of the mean.
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Figure 3. 
Timecourse of looking to the labeled target for French–English bilingual children 

(Experiment 1).
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Figure 4. 
Average proportion looking to target object for Spanish–English bilinguals (Experiment 2). 

Circles show individual data points. Bars represent standard error of the mean.
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Figure 5. 
Timecourse of looking to target during learning trials for Spanish–English bilinguals 

(Experiment 2).
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Figure 6. 
Scatterplot showing performance during the learning phase and performance at test by 

population and sentence type. Lines represent best linear fit.
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Table 1.

French–English bilinguals (Experiment 1): Descriptive statistics for looking times during learning phase.

Target type Sentence type Familiarity Mean SD

target single familiar 0.31 0.15

target single novel 0.44 0.18

target mixed familiar 0.32 0.12

target mixed novel 0.47 0.18

distractor single familiar 0.08 0.07

distractor single novel 0.09 0.09

distractor mixed familiar 0.10 0.08

distractor mixed novel 0.07 0.05
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Table 3.

Spanish–English bilinguals (Experiment 2): Descriptive statistics for looking times during learning phase.

Target type Sentence type Familiarity Mean SD

target single familiar + novel 0.72 0.23

target mixed familiar + novel 0.67 0.25

distractor single familiar + novel 0.28 0.23

distractor mixed familiar + novel 0.33 0.25
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Table 6.

Linear mixed effects model testing effects of population, sentence type, and performance during the learning 

phase on performance at test.

Variable Estimate SE t p

intercept 0.192 0.135 1.420 0.160

proportion target learning 0.599 0.159 3.760 <.001

sentence type (mixed) −0.228 0.074 −3.090 0.004

population (Spanish– English) −0.115 0.087 −1.320 0.192

sentence type * population 0.283 0.105 2.700 0.011
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