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Abstract 

Untangling Bilingualism: Using Code-Switching to Understand Bilingual Language 

Development 

 

Lena van der Velde Kremin, Ph.D. 

Concordia University, 2022 

 

Switching between two languages, or code-switching, is common in bilingual 

communities. However, little is known about the code-switching young bilinguals hear in their 

daily lives and how they process it. This dissertation investigated these two aspects of code-

switching and proposed new models for defining bilingualism.  

Bilingualism is difficult to define and model. In Chapter 2, I proposed that bilingualism 

researchers can integrate psychometric models, such as the factor mixture model and the grade-

of-membership model, which incorporate both categorical and continuous properties. Such 

models can unify traditional approaches of defining bilingual groups with newer views of 

bilingualism as a continuous variable. These models will allow researchers to address a variety 

of research questions, advance theory, and lead to a deeper understanding of bilingualism. 

In Chapter 3, I analyzed French–English parents’ code-switching in day-long at-home 

audio recordings, provided when their infant was 10 and 18 months old. Code-switching was 

relatively infrequent: an average of 7 times per hour (6 times/1,000 words) at 10 months, 

increasing to 28 times per hour (18 times/1,000 words) at 18 months. Parents code-switched 

more between sentences than within a sentence, and this pattern became more pronounced when 

infants were 18 months. Parents appeared to code-switch most frequently to bolster their infant’s 

understanding and teach vocabulary, suggesting that code-switching may support successful 

bilingual language development. 

In Chapter 4, I investigated how bilingual children process code-switching, examining 

how 3-year-old bilinguals process sentences with code-switches at an uninformative determiner-

adjective pair before the target noun (e.g., “Can you see el buen [sp. the good] duck?) compared 

to single-language sentences (e.g., “Can you see the good duck?”). Children were unexpectedly 

accurate at identifying the target noun in both sentence types, contrasting with previous findings 
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that code-switching leads to processing difficulties. Surprisingly, exploratory results suggested 

that code-switching may have boosted comprehension for certain children. 

In sum, this dissertation has illustrated how code-switching may support bilinguals’ 

language development. I discovered that parents code-switch to support their child’s learning and 

showed that children do not always have difficulty processing code-switching. Bilingualism is a 

multi-faceted phenomenon, and nuanced research is needed to capture this variability. 

 

  



v 

 

Acknowledgements 

First and foremost, I would like to give the biggest thanks to my supervisor, Dr. Krista 

Byers-Heinlein, for guiding me through the last four years. From the first time we spoke, your 

passion for your research was clear, infectious, and somewhat intimidating in the best possible 

way. You not only cared that I was doing good work but gently pushed me to grow as a 

researcher, always meeting me where I was and showing me the path to improvement. I’ve 

always felt that you wanted what was best for me, whether that was in research productivity, 

career shifts, or a healthy work-life balance. In that sense, your mentorship went far beyond 

conducting research to teaching me how to be a better mentor myself. This philosophy has made 

its way into the team you have built, a group of highly intelligent and motivated researchers who 

truly want everyone to succeed. Your supervision and this environment made the last four years 

such a rewarding experience. I often tell people that I’m lucky to have had such a great 

supervisor, but it’s not entirely luck. You work hard to be there for your students, and for that I 

will be forever grateful.  

An overarching theme of my time in grad school has been the importance of doing good, 

collaborative science. Two chapters in this dissertation would not have been possible without the 

contributions from others. Many thanks to Amel Jardak, and Drs. Casey Lew-Williams, AJ 

Orena, and Linda Polka for your insight, feedback, and even data that made these chapters 

possible. I also thank my internal committee members, Drs. Mikael Deroche and Kristen 

Dunfield, for keeping their minds open when the pandemic shifted my research plans and for 

offering suggestions for how to move forward.  

I owe a lot of my growth and laughs to my lab mates: Melanie Brouillard, Hilary Killam, 

Melanie López Pérez, Andrea Sander Montant, Esther Schott, and Drs. Nicolás Alessandroni, 

Rodrigo Dal Ben, Laia Fibla Reixachs, Ana Maria Gonzalez Barrero, Charlotte Moore, Rachel 

K.-Y. Tsui, and Erin Quirk. It has been so wonderful to work in such a supportive, collaborative, 

and friendly lab. While the time I’ve known each of you has varied, I’ve enjoyed getting to know 

all of you and have learned something from everyone. I’ll miss all the free lunch runs, ice cream 

trips, and puns. 

I am also grateful to have worked with two fantastic honor’s students, Julia Alves and 

Erica Chelini. It was such a rewarding experience to see you grow as researchers, and I greatly 



vi 

 

appreciate your support on my projects and that you occasionally did the most finicky parts of 

the process.  

While their support did not directly impact the work in this dissertation, I would also like 

to thank my past mentors and supervisors for providing me with the learning opportunities and 

letters of reference that led to this experience: Drs. Marlyse Baptiste, Nick Ellis, Sam Epstein, 

René Kager, Ioulia Kovelman, and Núria Sebastián-Gallés. I also acknowledge that this 

dissertation was funded by fellowships from the Fonds de Recherche du Québec and the Centre 

for Research on Brain, Language, and Music. 

Lastly, to my friends and family, my mom, Marijke, Cebby, Sandra, Lindsey, and 

Tristan, thank you for keeping me relatively sane. I will forever appreciate the texts, calls, walks, 

and picnics where you lent an ear and/or shoulder as I navigated the crazy world of academia. 

And even though he can’t read this, to Samson, my nugget, my croissant, my ball of fluff and 

cuddles, thanks for being my pal and constant supply of smiles through all of this.  

  



vii 

 

Dedication 

 To my past, present, and future self.  



viii 

 

Contribution of Authors 

This dissertation consists of three manuscripts containing one theoretical paper and two 

empirical studies. Authors’ relative contributions to each manuscript are noted. 

Manuscript 1 (Chapter 2) 

Kremin, L. V., & Byers-Heinlein, K. (2021). Why not both? Rethinking categorical and 

continuous approaches to bilingualism. International Journal of Bilingualism, 25(6), 

1560-1575. https://doi.org/10.1177/13670069211031986 

LVK: Conceptualization, Writing – Original Draft 

KBH: Conceptualization, Writing – Review & Editing, Supervision 

 

Manuscript 2 (Chapter 3) 

Kremin, L. V., Alves, J., Orena, A. J., Polka, L., & Byers-Heinlein, K. (2021). Code-switching in 

parents’ everyday speech to bilingual infants. Journal of Child Language, 1–27. 

https://doi.org/10.1017/S0305000921000118 

LVK: Conceptualization, Methodology, Formal analysis, Writing – Original Draft, Visualization 

JA: Data coding 

AJO: Conceptualization, Writing – Review & Editing 

LP: Conceptualization, Writing – Review & Editing, Project Administration, Funding 

Acquisition 

KBH: Conceptualization, Writing – Review & Editing, Supervision, Project Administration, 

Funding Acquisition 

 

Manuscript 3 (Chapter 4) 

Kremin, L. V., Jardak, A., Lew-Williams, C., & Byers-Heinlein, K. (under review). Bilingual 

children’s comprehension of code-switching at an uninformative adjective.  

LVK: Formal analysis, Writing – Original draft, Visualization 

AJ: Conceptualization, Methodology, Formal analysis, Investigation, Writing – Original Draft 

CLW: Conceptualization, Methodology, Writing – Review & Editing, Supervision, Project 

administration, Funding acquisition  

KBH: Conceptualization, Methodology, Writing – Review & Editing, Supervision, Project 

administration, Funding acquisition

https://doi.org/10.1177/13670069211031986
https://doi.org/10.1017/S0305000921000118


ix 

 

Table of Contents 

List of Figures .................................................................................................................. xiii 

List of Tables ................................................................................................................... xiv 

Chapter 1: General Introduction ......................................................................................... 1 

1.1 Defining and Measuring Bilingualism ...................................................................... 1 

1.1.1 Definitions of Bilingualism in the Current Work ............................................... 4 

1.2 Bilingual Language Development ............................................................................ 5 

1.2.1 Language Input ................................................................................................... 5 

1.2.2 Language Processing and Comprehension ......................................................... 8 

1.2.3 Language Separation .......................................................................................... 9 

1.3 Code-Switching....................................................................................................... 10 

1.3.1 Code-Switching Production.............................................................................. 10 

1.3.2 Code-Switching Comprehension ...................................................................... 12 

1.4 Dissertation Research Objectives ........................................................................... 14 

Chapter 2: Why Not Both? Rethinking Categorical and Continuous Approaches to 

Bilingualism ...................................................................................................................... 16 

2.1 Introduction ............................................................................................................. 16 

2.2 Current Models and Definitions of Bilingualism.................................................... 16 

2.2.1 Categorical Model ............................................................................................ 17 

2.2.2 Continuous Model ............................................................................................ 20 

2.3 Expanding Models of Bilingualism ........................................................................ 21 

2.3.1 Factor Mixture Model....................................................................................... 22 

2.3.2 Grade-of-Membership Model ........................................................................... 23 

2.3.3 Incorporation of New Models .......................................................................... 25 

2.3.4 Standardization in the Field .............................................................................. 26 

2.3.5 Future Directions .............................................................................................. 28 

Chapter 3: Code-Switching in Parents’ Everyday Speech to Bilingual Infants................ 35 



x 

 

3.1 Introduction ............................................................................................................. 35 

3.1.1 Why Caregivers’ Code-Switching Matters for Understanding Language 

Development.............................................................................................................. 35 

3.1.2 Frequency of Code-Switching .......................................................................... 36 

3.1.3 Syntax of Code-Switching ................................................................................ 38 

3.1.4 Reasons for Code-Switching ............................................................................ 39 

3.1.5 Changes Across Development .......................................................................... 40 

3.1.6 Current Study.................................................................................................... 41 

3.2 Method .................................................................................................................... 42 

3.2.1 Participants ....................................................................................................... 42 

3.2.2 Procedure .......................................................................................................... 43 

3.2.3 Transcription..................................................................................................... 44 

3.2.4 Coding .............................................................................................................. 45 

3.2.5 Inter-Rater Reliability ....................................................................................... 47 

3.3 Results ..................................................................................................................... 47 

3.3.1 Frequency ......................................................................................................... 47 

3.3.2 Validity of the Language Mixing Questionnaire .............................................. 48 

3.3.3 Syntactic Location ............................................................................................ 50 

3.3.4 Apparent Reason .............................................................................................. 52 

3.4 Discussion ............................................................................................................... 53 

3.4.1 Differences in Parental Code-Switching Patterns Between Bilingual 

Communities.............................................................................................................. 55 

3.4.2 Methodological Contributions .......................................................................... 58 

3.4.3 Scope and Future Directions ............................................................................ 59 

3.5 Conclusion .............................................................................................................. 59 

Chapter 4: Bilingual Children’s Comprehension of Code-Switching at an Uninformative 

Adjective ........................................................................................................................... 68 

4.1 Introduction ............................................................................................................. 68 



xi 

 

4.1.1 Frequency Account ........................................................................................... 69 

4.1.2 Functional Account .......................................................................................... 70 

4.1.3 Current Study.................................................................................................... 71 

4.2 Methods................................................................................................................... 72 

4.2.1 Participants ....................................................................................................... 73 

4.2.2 Material............................................................................................................. 75 

4.2.3 Procedure .......................................................................................................... 77 

4.2.4 Coding .............................................................................................................. 77 

4.3 Results ..................................................................................................................... 78 

4.3.1 Growth Curve Analysis .................................................................................... 79 

4.4 Discussion ............................................................................................................... 82 

4.5 Conclusion .............................................................................................................. 85 

Chapter 5: General Discussion.......................................................................................... 92 

5.1 Main Contributions ................................................................................................. 93 

5.1.1 Role of Code-Switching ................................................................................... 93 

5.1.2 Methodological Advancements ........................................................................ 95 

5.2 Broader Implications ............................................................................................... 96 

5.2.1 Incorporating Naturally Produced Code-Switching ......................................... 96 

5.2.2 Incorporating Individual Differences ............................................................... 98 

5.2.3 Implications for Language Separation ............................................................ 100 

5.3 Limitations & Future Directions ........................................................................... 102 

5.4 Conclusion ............................................................................................................ 104 

References ....................................................................................................................... 105 

Appendix A: Code-Switching Coding Instructions ........................................................ 128 

Appendix B: Consent Forms ........................................................................................... 131 

Appendix C: Language Background Questionnaire ....................................................... 136 

Appendix D: Developmental Vocabulary Assessment for Parents ................................ 140 

Appendix E: Language Mixing Questionnaire ............................................................... 147 



xii 

 

Appendix F: Demographic Questionnaire ...................................................................... 150 

Appendix G: Visual Stimuli ........................................................................................... 155 

Appendix H: Supplemental Analyses for Chapter 4 ....................................................... 157 

 

  



xiii 

 

List of Figures 

Figure 2.1: Representation of a categorical model of bilingualism. ............................................. 30 

Figure 2.2: Representation of a categorical model of bilingualism with many different possible 

groups of bilinguals. ................................................................................................... 31 

Figure 2.3: Representation of a continuous model of bilingualism. ............................................. 32 

Figure 2.4: Representation of a factor mixture model of bilingualism where data can be analyzed 

based on categorical membership or placement on a continuum. .............................. 33 

Figure 2.5: Representation of a grade-of-membership model of bilingualism where data can be 

analyzed based on categorical membership or placement on a continuum. ............... 34 

Figure 3.1: Transcription and coding pipeline describing the number of coders and segments at 

each stage. .................................................................................................................. 63 

Figure 3.2: Change in the number of code-switches per hour of infant-directed speech for 

individual families between 10 and 18 months of age (a) per hour of infant-directed 

speech and (b) per 1,000 infant-directed words. ........................................................ 64 

Figure 3.3: The relationship between parents’ Language Mixing Scale Score and the number of 

code-switches per (a) hour of speech and (b) 1,000 infant-directed words based on 

data collected at 10 and 18 months combined. ........................................................... 65 

Figure 3.4: The percentage of code-switches produced at different syntactic locations across ages 

with all families included at each age......................................................................... 66 

Figure 3.5: Percentage and count of parents’ code-switches motivated by apparent reason. ....... 67 

Figure 4.1: Example and timeline of experimental trial. .............................................................. 89 

Figure 4.2: Proportion looking to target picture by trial type for all children. ............................. 90 

Figure 4.3: Proportion looking to target picture throughout the analysis window. ...................... 91 

Figure H.1: Mean change in pupil dilation by trial type from (a) article onset and (b) noun onset.

 .................................................................................................................................. 175 

 

  



xiv 

 

List of Tables 

Table 3.1: Inter-rater reliability for each apparent reason. ........................................................... 61 

Table 3.2: Percentage (raw count in parentheses) of code-switches observed for each apparent 

reason at 10 and 18 months, the difference in percentage (difference in raw count in 

parentheses) across ages, and examples of each reason. ............................................ 62 

Table 4.1: Demographics of participants at each testing location. ............................................... 86 

Table 4.2: Adjective–noun pairs used for French–English and Spanish–English participants. ... 87 

Table 4.3: Growth curve analysis including trial type. ................................................................. 88 

Table G.1: Target images and their adjective-noun phrases in English, French, and Spanish. .. 156 

Table H.1: Fixed effects in each model in the iterative process. ................................................ 161 

Table H.2: Baseline Model. ........................................................................................................ 162 

Table H.3: Model 1, addition of trial type as fixed factor. ......................................................... 163 

Table H.4: ANOVA comparison of Model 1 to the baseline model. ......................................... 164 

Table H.5: Model 2, addition of interaction between trial type and time (linear). ..................... 165 

Table H.6: ANOVA comparison of Model 2 to Model 1. .......................................................... 166 

Table H.7: Model 3, addition of language dominance................................................................ 167 

Table H.8: ANOVA comparison of Model 3 to Model 1. .......................................................... 168 

Table H.9: Model 4, addition of testing location. ....................................................................... 169 

Table H.10: ANOVA comparison of Model 4 to Model 1. ........................................................ 170 

Table H.11: Model 5, addition of parental education (SES). ...................................................... 171 

Table H.12: ANOVA comparison of Model 5 to Model 1. ........................................................ 172 

Table H.13: Model 6, addition of vocabulary. ............................................................................ 173 

Table H.14: ANOVA comparison of Model 6 to Model 1. ........................................................ 174 

 



1 

 

 

General 

Introduction 

 

With globalization and increasing migration, the number of people who speak two or 

more languages is on the rise. This also applies to children who are exposed to multiple 

languages from a young age. An estimated 1 out of 5 children in Canada (Schott, Kremin, et al., 

2021) and the US (Kids Count Data Center, 2018) are bilingual. One reason it is difficult to 

establish the exact rate of bilingualism is because definitions and measures of bilingualism are 

not consistent in the literature. Even when scholars use different definitions of bilingualism, 

relatively little research is focused on how young bilinguals learn both of their language (Kidd & 

Garcia, 2021). One particular feature of bilingual language development that is beginning to 

receive more attention is how the switches between languages, or code-switches, that a young 

bilingual hears affects their language development. This dissertation aims to better understand 

bilingualism, particularly through the lens of children’s language development, and includes one 

methodological chapter and two empirical chapters to address these points. Chapter 2 proposes a 

novel approach to defining and measuring bilingualism. Chapter 3 investigates the code-

switching that young bilinguals hear in their daily life, and Chapter 4 examines how they process 

such code-switching. In the next sections, I will review the literature on current approaches to 

defining bilingualism, elements of bilingual language development, including language input and 

comprehension, and code-switching.   

1.1 Defining and Measuring Bilingualism 

A commonly used definition of a bilingual is a person who uses two or more languages in 

their everyday life (Grosjean, 1989). When taking a closer look, however, there is great 

ambiguity and debate over what is meant by “use” a language. Is someone bilingual if they can 

understand but not speak a second language? Is someone bilingual if they can speak one 

language fluently and the second with some hesitation? Is someone bilingual if they are taking 

classes to learn a second language? If you were to ask someone on the street to define 

bilingualism, they might expect that a bilingual has perfect command over both of their 

languages. Indeed, this definition of “balanced bilingualism” remains widely held in the general 

1 
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population and was once the dominant definition in academic spaces as well (Lambert et al., 

1959). Scholars have since dispelled the idea that a bilingual is “two monolinguals in one” 

(Grosjean, 1989) but have not converged on a single way to define bilingualism.  

Researchers generally agree that bilingualism is a multidimensional construct, that 

bilingualism includes a combination of many skills and depends on many different factors (e.g., 

Antoniou, 2019; Luk & Bialystok, 2013). This multidimensional nature can be seen in how 

bilingualism is typically measured. For example, a young child’s bilingual status can be assessed 

via comprehensive test batteries that measure a range of linguistic skills, such as listening and 

speaking skills (e.g., Woodcock et al., 2005), and an adult’s bilingual status can be assessed 

through their language history, including when they began learning each language they speak 

and how often they speak each language (e.g., Li et al., 2014). While measuring multiple 

dimensions when determining bilingual status is common, if not expected, in the field, the exact 

dimensions that are used and how they are combined varies widely between studies. In some 

cases, this is understandable. For example, adults can answer detailed questions about their 

language history and complete multiple tasks that assess their proficiency in each of their 

languages (e.g., Language and Social Background Questionnaire, Anderson et al., 2018; 

Language History Questionnaire, Li et al., 2014; Language Experience and Proficiency 

Questionnaire, Marian et al., 2007). Infants, however, cannot complete the same measures, so 

their bilingual status is often evaluated through a structured interview with a caregiver to gather 

information on what languages the infant hears, how much they are exposed to them, and when 

this exposure began (Language Experience Questionnaire, Bosch & Sebastián-Gallés, 2001; 

Multilingual Approach to Parent Language Estimates, Byers-Heinlein et al., 2020). The 

challenge that researchers face is determining exactly what combination of skills and information 

they will use to evaluate bilingual status for the purposes of their study. This issue of the 

multidimensional nature of bilingualism is further complicated by the additional step of deciding 

how to define bilingualism in the study by using the measures that they chose. 

Researchers have, in the past several decades, expanded the definition of bilingualism 

beyond “balanced bilingualism” to include a larger number of bilinguals. With this expansion 

comes increased variability in the bilinguals themselves. Researchers have tried to capture this 

variability by creating different groups of bilinguals. This is evidenced by the more than 100 

different labels for bilinguals in the literature (Surrain & Luk, 2017). Labels such as “second 
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language learner” and “simultaneous bilingual” can be useful to describe particular groups that 

are being studied, but researchers do not always agree on the thresholds for membership in these 

groups. For example, infants’ bilingual status is often evaluated by calculating the percent of 

their entire language exposure they receive in each of their languages, as described above (Bosch 

& Sebastián-Gallés, 2001; Byers-Heinlein et al., 2020). While many studies use a measure of 

exposure, the cutoff value used to place an infant in the monolingual or bilingual group has 

varied across studies from 10% - 40% exposure to the lesser-heard language (Rocha-Hidalgo & 

Barr, 2021). Inconsistent cutoffs like this have two main effects on research. First, they 

dichotomize samples into monolingual and bilingual groups, potentially resulting in incorrect 

conclusions, as an infant considered “bilingual” in one study could be considered “monolingual” 

in another (Rocha-Hidalgo & Barr, 2021). Second, they make it difficult to synthesize reported 

findings.  

Although placing participants into discrete groups has long been an established practice 

in the field of bilingualism, categorical comparisons may not accurately represent the underlying 

structure of bilingualism. Recent proposals have called for bilingualism to be treated as a 

continuous variable to better capture to variability in and nature of the construct (Baum & 

Titone, 2014; de Bruin, 2019; Kaushanskaya & Prior, 2015; Marian & Hayakawa, 2021; 

Takahesu Tabori et al., 2018). Determining whether the underlying structure of bilingualism is 

categorical or continuous is an important question with statistical consequences. If bilingualism 

is underlyingly continuous, treating it as categorical can lead to reduced statistical power, smaller 

effect sizes, increased chances of a Type I error, and spurious interactions and main effects 

(MacCallum et al., 2002). Thus, approaching bilingualism as a continuous construct could 

address these statistical concerns and allow for subtle and threshold effects of bilingualism to be 

investigated (de Bruin, 2019; De Cat et al., 2018).  

Regardless of whether researchers approach bilingualism as a categorical or continuous 

construct, they still face the challenge of comparing definitions of and results on bilingualism 

across research studies. Arriving at a somewhat consistent definition of bilingualism may be a 

key step in advancing the field, as some believe that inconsistent definitions play a large role in 

the inconsistent findings in the literature (de Bruin, 2019; Kaushanskaya & Prior, 2015; Marian 

& Hayakawa, 2021). In categorical approaches, inconsistent cutoffs make it difficult to compare 

results between different studies. Depending on what criteria is used, the same participant could 
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be classified as a monolingual in one study but a bilingual in another. In continuous approaches, 

studies may use different measures or the same measures in different ways to arrive at their final 

continuum. To address the issue of inconsistency across studies, there have been several recent 

proposals to standardized the definition and measurement of bilingualism in the field (e.g., De 

Cat et al., 2021; Marian & Hayakawa, 2021). However, even these proposals cannot all agree on 

what standardization would look like. 

The differences in the measures used to evaluate bilingual status and whether 

bilingualism is defined categorically or continuously highlight the need for new approaches in 

defining and measuring bilingualism. To address any research question about bilingualism, 

scholars must 1) decide how to define bilingualism, 2) select which measures to use, and 3) 

choose either a categorical or continuous model. Despite calls and efforts for a standardized 

measure in the field, a single definition, set of measures, and model may be impractical, and in 

some cases limiting, for all the different forms bilingualism research can take. Chapter 2 

proposes that bilingualism researchers can draw from other fields to find a blended approach that 

will allow for both consistency within and flexibility across particular subfields. 

1.1.1 Definitions of Bilingualism in the Current Work 

As discussed above, bilingualism can be defined and modeled in many different ways 

across studies. Within a particular empirical study, however, a consistent definition of 

bilingualism that matches the aim of the study is important to ensure that the sample collected 

can properly address the research question. The main purpose of the two empirical studies 

included in this dissertation was to look at the effect of a bilingual experience, rather than to 

evaluate the effects of amount of exposure or level of proficiency. Thus, I opted to use a 

categorical approach to select participants who had a minimum amount of exposure to or a 

minimum level of proficiency in each of their languages. Bilingualism was defined as having at 

least 25% exposure to both languages from birth (Chapter 3) or having a parent-reported 

proficiency of at least 7/10 in both languages (Chapter 4). The different measures of bilingualism 

used in the two chapters reflect how the definition of bilingualism can and should change 

throughout development (as discussed in Chapter 2). In Chapter 3, the participants were first 

studied at 10 months and again at 18 months. These ages are too young for any ratings of 

proficiency, so language exposure was used to determine their bilingual status as it is the most 

readily available measure of their bilingual status (Byers-Heinlein, 2015). In Chapter 4, the 
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participants were between 3 and 4 years old. At this age, children are able to put sentences 

together and hold basic conversations. Thus, a measure of their proficiency in each language, as 

rated by their parents, was used to determine their bilingual status (Marian et al., 2007). 

Furthermore, bilingualism was defined categorically in both chapters and no monolinguals were 

included in the final samples.  

1.2 Bilingual Language Development 

Even under the most liberal definition of bilingualism, two languages are involved, and 

bilingual infants and children are tasked with learning both. In the earliest stages of language 

development, input is a crucial component for successful learning: when it comes to language, 

children cannot learn what they do not hear or see. Input is such a vital element in the early 

stages, that the amount of input an infant receives in both languages is frequently how their 

bilingual status is determined (as mentioned above). Additionally, a general trend that appears 

consistently in the literature is that bilinguals have more developed language abilities and larger 

vocabulary sizes in the language they hear more (Côté et al., 2022; Hoff et al., 2012; 

Thordardottir, 2011). Thus, the language input of young bilinguals is an important element in 

studying and fully understanding bilingual language development. Because young bilinguals 

must learn from their input, it is also important to investigate how children process and 

ultimately comprehend the language input that they hear. Part of this question of language 

processing involves how young bilinguals recognize that they are learning two languages and 

how they come to represent them as separable entities. This section explores early bilingual 

language development and the importance of language input, language processing and 

comprehension, and language separation. 

1.2.1 Language Input 

One important element of input on language development is the amount of input infants 

receive. While infants can learn language from speech they overhear in their environment (Floor 

& Akhtar, 2006), the amount of input that is directed towards them appears to play a large role in 

their language development (Golinkoff et al., 2015; Shneidman & Goldin-Meadow, 2012). The 

amount of infant-directed speech an infant hears has been linked to later word production 

(Ramírez-Esparza et al., 2014), and infants who partake in more conversational turns are better at 

processing language (Romeo et al., 2018). Infants’ language input varies widely beyond the 

overall amount of input they receive, including number of speakers and the larger social context, 
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yet capturing and studying all these potential differences is extremely difficult (Hoff, 2020). 

Moreover, most of the research to date on language input has focused on monolingual infants, 

who hear only a single language.  

Bilingual infants hear two languages, so researchers must not only consider the total 

amount of input these infants hear, but also the amount of input heard in each language. Relative 

exposure to each language can be challenging to measure, because it often relies on parental 

reports, which may be inaccurate if not collected carefully (Byers-Heinlein et al., 2020). 

Researchers have used methods such as surveys (Byers-Heinlein, 2013), diary studies (De 

Houwer, 2011; Place & Hoff, 2011), observation play session in the laboratory (Bail et al., 

2015), and daylong audio recordings (Orena et al., 2020). Each of these methods has its own 

advantages and disadvantages, but all have been able to shed light on the language input that 

young bilinguals hear in their daily lives. For example, De Houwer (2011) used both surveys to 

reach a large number of bilingual families and a diary study to gather more detail about 

bilinguals’ language exposure. Surveys from over 2,500 two-parent, bilingual families in 

Belgium measured patterns of family language exposure, classifying children based on, for 

example, whether they heard both languages from both parents or a different language from each 

parent. In the diary study, researchers instead measured the amount of time children heard each 

of their languages and the proportion they heard their languages across different days. Overall, 

the study found that differences in language input across children could explain differences in the 

children’s language use. These results highlight the variability in different bilingual 

environments but do not offer extensive fine-grained detail on bilinguals’ input in each of their 

languages. 

A much more fine-grained level of detail was achieved in a recent study, where Orena 

and colleagues (2020) used daylong audio recordings to capture the language input that 

bilinguals heard in their home, including the proportion of their input they heard in each of their 

languages. Twenty-one French–English bilingual families recorded the language environment of 

their 10-month-old infant for 16 hours a day for three days. Trained research assistants then 

hand-coded these recordings to determine the amount of input the bilinguals heard in each of 

their languages. One significant finding from this study was that the input that young bilinguals 

heard varied greatly depending on what type of input was being measured. For example, the 

proportion of their input that a child heard in each of their languages varied between infant-
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directed speech and overheard speech. Additionally, the proportion heard in each of their 

languages varied day to day depending on who was taking care of the child. These results 

highlight that bilingual language input is a dynamic and complex factor to consider when 

investigating bilingual language development. Importantly, this study also confirmed that 

caregivers were fairly accurate at reporting the proportion of time their child hears both of their 

languages, meaning that this information can be easily collected through a structured interview 

(Bosch & Sebastián-Gallés, 2001; Byers-Heinlein et al., 2020). Understanding bilinguals’ 

exposure to each of their languages allows researchers to study how this input affects their 

overall language development.  

Researchers are now beginning to move beyond macro-level measures of bilingual 

infants’ language environments, such as the amount of input in each language, to investigate the 

role of more micro-level features to develop a more detailed understanding on the effect of input 

on language development. One such feature that has been investigated is code-switching. 

Bilinguals inevitably hear switches between their two languages – whether the switch happens 

across larger time scales (e.g., when moving from home to school) or smaller time scales (e.g., 

within a single conversation or sentence). Several studies have investigated the impact of 

exposure to code-switching on bilinguals’ language development, focusing mainly on vocabulary 

development, and have found mixed results. One study found that higher rates of code-switching 

were linked to smaller comprehension vocabularies at 18 months and smaller productive 

vocabularies at 24 months (Byers-Heinlein, 2013). However, other studies did not find any 

relationship between the amount of code-switching a child hears and their vocabulary size (Bail 

et al., 2015; Carbajal & Peperkamp, 2020; Place & Hoff, 2016). The contrasting findings in these 

studies may be due to different methodologies. Parental surveys rely on parents’ ability to reflect 

on their own speech patterns and report them honestly, which could lead to errors in their 

reporting (Byers-Heinlein, 2013). Laboratory play sessions have the benefit of direct observation 

(Bail et al., 2015), but the speech children hear during structured play is different than what they 

hear throughout the remainder of the day (Bergelson et al., 2019; Tamis‐LeMonda et al., 2017). 

Thus, a new approach to study the code-switching that young bilinguals hear in their daily life is 

needed to better understand the language input they are receiving and any potential impacts on 

their language development. Chapter 3 addresses this issue by developing a method to analyze  

parents’ code-switching in daylong recordings of infants’ language environments. 
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1.2.2 Language Processing and Comprehension 

Children extract patterns from their language input and come to understand the meaning 

of the words that they hear. One of the earliest indications of processing and subsequent 

comprehension is that infants are able to understand common nouns by 6- to 9-months 

(Bergelson & Swingley, 2012, 2015). 

A common way to assess children’s language processing and comprehension is with the 

looking-while-listening procedure. In this procedure, children are placed in front of a screen, 

shown pictures of objects, and played corresponding words over a speaker. Then, via a video 

recording or automatic eye tracker, children’s gaze is recorded and analyzed (Swingley, 2012). 

There are several different approaches to analyzing the gaze data, but the general approach is to 

evaluate if children spend more time looking at the object that was labeled than the object that 

was not. For example, a child sees the images of a cat and a dog and hear the sentence, “Look at 

the dog!” After hearing the sentence, the child should look at the image of the dog longer than 

the image of the cat if they understand the word “dog.” The looking-while-listening procedure 

has been used to investigate children’s comprehension of different aspects of language, such as 

nouns (Fernald, McRoberts, et al., 2001), verbs (Golinkoff et al., 2001), and adjectives (Fernald 

et al., 2010).  

A number of studies have used the looking-while-listening procedure to investigate 

aspects of bilingual children’s language processing, for example, their comprehension in each of 

their languages, and whether this is linked to other elements of their language development. To 

illustrate, for Spanish–English children, higher amounts of exposure to a language have been 

shown to be related to better comprehension in that language (Marchman et al., 2017). Similarly, 

as vocabulary in one language grows, Spanish–English children’s comprehension of sentences in 

that language increases as well (Marchman et al., 2010). As discussed above, bilingual children 

not only hear sentences in a single language, but they also hear sentences with code-switching. 

Thus, researchers have recently begun to using the looking-while-listening procedure to 

investigate how young bilinguals process and understand speech that contains code-switching, 

mainly code-switching at a noun (Byers-Heinlein et al., 2017; Byers-Heinlein, Jardak, et al., 

2021; Morini & Newman, 2019; Potter et al., 2019). Chapter 4 extends this literature by 
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investigating how bilinguals process code-switching at previously uninvestigated location, a 

prenominal determiner-adjective pair. 

1.2.3 Language Separation 

For bilingual infants, recognizing that they are hearing and learning two languages is a 

key step in their language development (Byers-Heinlein, 2014), but the exact nature and timing 

of this separation is not entirely understood. Early theories on adult bilinguals’ language 

representations posit that bilinguals have two separate, encapsulated language systems 

(Macnamara, 1967; Penfield & Roberts, 1959). Under these theories, the encapsulated languages 

turn on and off as bilinguals switch between their languages. However, research has since shown 

that bilinguals’ languages are connected and interact across all levels of language (Kroll et al., 

2012). Regardless of exactly how languages are represented, it is clear that bilinguals are able to 

treat them as functionally separate categories (Byers-Heinlein, 2014), drawing the sounds (Burns 

et al., 2007; Gonzales et al., 2019), words (Genesee et al., 1995), and grammar from one 

language or another as appropriate (Grosjean, 2001), even while they might also produce code-

switches and other productions that involve blending the two languages (Ritchie & Bhatia, 

2012). In the context of language development, the question then becomes how young bilinguals 

recognize that they are learning two languages and come to represent them as functionally 

separate categories. 

Most current theories of separation in language development propose that bilingual 

infants differentiate their languages from early in development (Genesee, 1989). Support for 

these theories of early separation comes from infants’ ability to discriminate their languages 

based on rhythmic patterns within the first days and months of life (Bosch & Sebastián-Gallés, 

1997b, 2001; Byers-Heinlein et al., 2010). However, the ability to discriminate linguistic input 

does not necessarily imply that bilingual infants recognize it as coming from two different 

languages, as rhythmic discrimination taps into infants’ innate perceptual sensitivities (Byers-

Heinlein, 2014; Nazzi et al., 1998). Instead of being taken as evidence that they have 

functionally separate categories for their languages, bilingual infants’ ability to discriminate their 

languages based on rhythm may support the subsequent creation of these categories as they 

acquire the phonology, syntax, and lexicon of each language (Curtin et al., 2011). Thus, 

researchers can investigate when bilinguals develop these categories by assessing if young 
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bilinguals treat stimuli from their languages differently as bilingual adults do (Byers-Heinlein, 

2014).  

One way of addressing this question is by looking at how young bilinguals handle code-

switching. Because code-switching involves both languages, it provides the opportunity to see 

how bilinguals respond when they must switch between their two language categories.  

Investigating responses to code-switching throughout development could shed light on the 

timing and nature of the emergence of their language categories. 

1.3 Code-Switching 

Code-switching is common in bilingual and multilingual environments (Cheng & Butler, 

1989), and it occurs regularly in the language input that young bilinguals receive (Bail et al., 

2015; Byers-Heinlein, 2013; David & Wei, 2008; Goodz, 1989). Code-switching used to be 

viewed as evidence of weakened linguistics systems, or as a sign of lack of proficiency in one or 

both languages (Heredia & Altarriba, 2001; Nilep, 2006; Weinreich, 2010). Today, code-

switching is viewed as a linguistic tool that bilinguals can use to add additional meaning and/or 

nuance to their speech (Blom & Gumperz, 1972; Gumperz, 1982; Myers-Scotton, 2017; Nilep, 

2006). Moreover, code-switching is now widely regarded as a highly systematic and complex 

linguistic phenomenon (Poplack, 1980; Ritchie & Bhatia, 2012). This dissertation investigates 

the impact of code-switching on young bilinguals’ language development from two related 

viewpoints: the code-switching input young bilinguals receive (investigated in Chapter 3) and 

how they process and understand it (investigated in Chapter 4).  

1.3.1 Code-Switching Production 

When investigating the code-switching that a young bilingual hears from the people in 

their environment, it is important to understand the different factors and features present in the 

production of code-switching. One very salient factor is the frequency with which code-

switching occurs. Bilinguals produce code-switching at different rates, with some speakers code-

switching very frequently, but others code-switching only rarely. This variation is present in 

speech that is directed towards both adults and children (Bail et al., 2015; Dewaele & Li, 2014; 

Dewaele & Zeckel, 2016). As mentioned above, the frequency that a young bilingual hears code-

switching may affect their language development (Byers-Heinlein, 2013), so investigating the 

frequency that code-switching is produced in their environment is important to understanding the 

process of bilingual language development. 
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Beyond variation in the frequency of code-switching, code-switching can be produced at 

many syntactic locations. It can occur both between sentences (i.e., intersententially) and within 

a single sentence (i.e., intrasententially). Code-switches that occur intersententially are not 

subject to syntactic constraints, as the sentence before the code-switch and the one after can 

follow the grammars of their respective languages (Azuma, 1992, 2009; Myers-Scotton, 1997). 

The grammar of code-switching becomes more complex when the code-switch happens 

intrasententially. In this case, the code-switch must accommodate the grammars of both 

languages (Poplack, 1978, 1980). Code-switches may occur at phrase boundaries where the 

grammars of both languages overlap (see the switch between English and Spanish in sentence 1; 

Belazi et al., 1994). Code-switches may also occur within a single phrase (see the switch 

between Italian and German in sentence 2; Cantone & MacSwan, 2009). Code-switching at each 

of these syntactic locations is possible, but it is not yet entirely clear which location is more 

common in bilinguals’ speech. 

(1) The student brought the homework para la profesora 

The student brought the homework for the teacher  

(2) una Gegend fredda 

a region cold 

Code-switching also happens for many different reasons, including effects of community, 

discourse, and interlocutor. First, code-switching practices and patterns vary across communities 

and often reflect group values and norms (Heller, 2010; Myers-Scotton, 2017). Thus, code-

switching can be used to strengthen the sense of community identity when speakers use it to 

indicate membership in the same group (Myers-Scotton, 2017; Nilep, 2006). Second, bilinguals 

may code-switch to produce different effects of discourse. For example, bilinguals sometimes 

code-switch to be better understood (Heredia & Altarriba, 2001), to change topic (Blom & 

Gumperz, 1972; Gumperz, 1982), or to offer a direct quotation (Ritchie & Bhatia, 2012). Last, 

bilinguals may decide to code-switch based on who they are conversing with. Code-switching is 

more common with known interlocutors, such as friends and family, than unknown interlocutors 

(Dewaele, 2010; Dewaele & Li, 2014). While code-switching happens for a variety of reasons, 

many bilinguals often cannot explicitly state why they produced a particular code-switch 

(Gumperz, 1982). Thus, researchers must often rely on recordings or transcripts and contextual 

cues to draw conclusions about the motivations behind code-switching.  
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The research on the production of code-switching to date has overwhelmingly focused on 

code-switching in conversations between two or more adults, but this is not the only time code-

switching happens in bilingual settings. Bilingual parents also have the ability and opportunity to 

code-switch when speaking to their child(ren). This type of code-switching is relatively 

understudied, but some research has begun to document where parents code-switch syntactically 

and why they code-switch. Parents have been found to switch both intersententially and 

intrasententially when playing with their child in the laboratory, with intersentential code-

switches occurring more frequently (Bail et al., 2015).  In this study, the exact syntactic location 

of the intrasentential code-switches was not examined in fine-grained detail, so it is unclear if 

parents code-switch more between syntactic phrases or within a syntactic phrase.  

The reasons that parents code-switch has received somewhat more attention. Parents have 

been found to code-switch for reasons such as attracting their child’s attention, increasing 

understanding, and teaching vocabulary (Bail et al., 2015; Byers-Heinlein, 2013; Goodz, 1989). 

However, the frequency that parents code-switch for each of these reasons has not yet been 

investigated. Given that parents’ speech impacts their child’s language development, a thorough 

understanding of parents’ code-switching is needed to better understand bilingual language 

development. Thus, Chapter 3 investigates parental code-switching, including its frequency, 

syntactic location, and apparent reason. 

1.3.2 Code-Switching Comprehension 

When bilinguals hear code-switching produced in their environment, they need to be able 

to understand it. Language comprehension is already a complex process when only a single 

language is involved. Code-switching further complicates this process by adding an additional 

language. How bilinguals navigate this unique task is receiving increased attention. However, 

again, we see that the majority of the literature about code-switching comprehension has focused 

on adults.  

Code-switching has generally been found to be more difficult for listeners to process than 

single-language speech. Some have proposed that code-switching leads to processing difficulties, 

because the listener must switch between their two linguistic systems (Green, 1998). Following 

this account of bilingual language comprehension, bilinguals inhibit the language that they are 

not hearing (Kroll & Dussias, 2004; Macizo et al., 2010; Shook & Marian, 2013). When they 

encounter a switch between their languages, they must then activate the language they were 
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previously inhibiting. The time it takes for this reactivation to occur is believed to be the 

underlying source of delays in the comprehension of code-switching, compared to single 

language processing. While it was previously believed that all code-switching was difficult for 

bilinguals to process, recent work has shown that not all code-switches are equally difficult and 

that not all bilinguals process code-switching in the same way (Gosselin & Sabourin, 2021; Ng et 

al., 2014; Valdés Kroff et al., 2018; Zeller, 2020).  

One factor that appears to influence processing and comprehension is syntactic location. 

Many studies focus on code-switches that happen at a noun (e.g., “Find the chien [fr. dog]!; 

children: Byers-Heinlein et al., 2017; Morini & Newman, 2019; Potter et al., 2019; adults: 

Fernandez et al., 2019; Litcofsky & Van Hell, 2017; Tomić & Kroff, 2021), yet, as discussed 

above, this is not the only syntactic location that code-switching can occur. When listening to 

code-switches that occur intersententially (e.g., “That one looks fun! Le chien [fr. the dog]!”), 

neither French–English bilingual toddlers nor adults experience any processing difficulties or 

reduced comprehension compared to single language utterances (e.g., “That one looks fun! The 

dog!”; Byers-Heinlein et al., 2017). Similarly, Spanish-English bilinguals more readily process 

and understand code-switches that occur at a frequent syntactic location (e.g., before a verb 

phrase, “los senadores [sp. the senators] have requested the funds”) than code-switches that 

occur at an infrequent syntactic location (e.g., within a verb phrase, “los senadores han [sp. the 

senators have] requested the funds”; Valdés Kroff et al., 2018). These findings suggest that the 

impact of syntactic location on comprehension is complex, and that further investigation is 

needed to better understand this relationship. 

While most work investigating the comprehension of code-switching to date has focused 

on the impact of syntax, more recent research has begun to investigate how the content and/or 

function of the code-switch may influence comprehension. One recent study found that German–

Russian bilingual adults process code-switches that occur at open class words (e.g., nouns) 

compared to closed class words (e.g., prepositions) differently (Zeller, 2020). Another study 

found that Spanish–English bilingual adults process two different types of open class words, 

nouns and verbs, differently (Ng et al., 2014). The authors of both studies argue that the different 

functional role these different words play impacts how they are processed. 

Not only do features of the code-switch itself influence processing and comprehension, 

but listeners with different language experiences may process the same code-switch differently. 
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For example, it has been proposed that the amount of code-switching a bilingual hears impacts 

their ability to process code-switching efficiently. Bilinguals who are more exposed to code-

switching, such as Spanish–English bilinguals in the United States, have been found to process 

code-switches more easily than bilinguals who are not exposed to high rates of code-switching, 

such as Spanish–English bilinguals in Spain (Valdés Kroff et al., 2018). Even when looking 

within the same population, French–English bilinguals in Canada who reported code-switching 

frequently in their own speech did not experience processing costs whereas those who reported 

code-switching infrequently did (Gosselin & Sabourin, 2021). Another individual factor that has 

been found to influence code-switching comprehension is language dominance. Spanish–English 

bilingual toddlers process code-switches from their non-dominant to their dominant language 

more easily than code-switches from their dominant to their non-dominant language (Bultena et 

al., 2015; Potter et al., 2019). These findings highlight that not all bilinguals are the same and 

that nuances in bilinguals’ experiences should be integrated into research on code-switching 

comprehension.  

Chapter 4 investigates how different factors, such as syntactic location and individual 

differences, impact bilingual children’s comprehension of code-switching at a novel syntactic 

location, a prenominal determiner-adjective pair (e.g., Can you find le bon [fr. the good] duck?). 

1.4 Dissertation Research Objectives 

Bilingual experiences are diverse. Accurately describing and capturing this variation is 

crucial to fully understanding bilingual language development and comprehension. Thus, the 

goal of this dissertation is twofold.  

The first goal is to evaluate current approaches to defining and modeling bilingualism in 

the field. Chapter 2 reviews current practices for operationalizing bilingualism and proposes two 

novel approaches drawn from the field of psychometrics. These models can help reconcile the 

widely used categorical approach and the recent proposals for a continuous approach. This 

chapter discusses how to create each model, how to analyze data with the output from each 

model, and how to use a model created by another researcher for a new study. Recommendations 

for pre-registering model creation or selection and transparent reporting practices are also 

provided.  

The second goal is to examine the code-switching present in young bilinguals’ 

environment and how code-switching impacts their language comprehension. Chapter 3 
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addresses the first component and examines the code-switching that bilinguals hear in their daily 

life. Using daylong, naturalistic audio recordings, parental code-switching in the home is 

analyzed by quantifying the frequency, syntactic location, and apparent reasons motivating 

parental code-switching. Chapter 4 builds on the results of Chapter 3 and addresses the question 

of how young bilinguals process and comprehend code-switching. Specifically, bilinguals’ 

comprehension of code-switching at a previously unstudied syntactic location, a prenominal 

determiner-adjective pair (e.g., “Can you find le bon [fr. the good] duck?”), is investigated. In 

the Discussion section (Chapter 5), the relationship between code-switching input and 

comprehension is discussed in light of language separation and overall language development. 

Combined, this dissertation contributes to the knowledge of bilingualism, particularly 

through a developmental lens. By focusing on code-switching, this dissertation advances 

understanding on how a feature unique to bilinguals’ experience impacts children’s language 

development.  
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Why Not Both? Rethinking Categorical and 

Continuous Approaches to Bilingualism 

 

2.1 Introduction 

Bilingualism is a complex construct that has been redefined over the past several decades. 

Scholars once defined bilinguals exclusively as a small group of speakers who were perfectly 

“balanced” in both of their languages (Lambert et al., 1959). The definition of bilingualism has 

since expanded to include speakers with varying degrees of proficiency and different language 

experiences. This change is reflected by more than 100 different group labels for bilinguals 

identified in the literature, such as “fully bilingual,” “English Language Learners,” and 

“successive bilingual Turkish-speaking children” (Surrain & Luk, 2017). As the definition of 

bilingualism evolves, models of bilingualism and the corresponding statistical techniques must 

develop as well. Traditionally, researchers have used a categorical approach to conceptualize 

bilingualism with analyses focused on the comparison of discrete groups of individuals (e.g., 

monolinguals and bilinguals). However, recent proposals in the literature suggest that instead of 

creating discrete groups, bilingualism should be modeled and analyzed as a continuous construct 

(e.g., Baum & Titone, 2014; de Bruin, 2019; Luk & Bialystok, 2013). This proposal has 

important consequences for how bilingualism is conceptualized in theory and how data are 

analyzed, but should bilingualism researchers abandon a categorical approach entirely? Are there 

ways for bilingualism to be defined and modeled beyond strictly categorical or continuous 

approaches? Drawing from recent advances in psychometrics and latent variable models, this 

chapter introduces models that integrate both categorical and continuous properties and then 

discusses how researchers can use these models to address complex questions in the field of 

bilingualism. 

2.2 Current Models and Definitions of Bilingualism 

An individual’s bilingual status is not a trait that can be directly measured: bilingualism 

cannot be determined in the same way as someone’s height, for example. In the psychometrics 

literature, a construct like bilingualism that can only be measured indirectly and is theoretical in 

nature is referred to as a latent construct. When measuring bilingualism, researchers often rely on 

2 
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a combination of observable indicators, such as language proficiency and exposure to determine 

an individual’s bilingual status (Anderson et al., 2018; Li et al., 2006, 2014; Marian et al., 2007; 

Marian & Hayakawa, 2021).  The use of multiple measures when evaluating an individual’s 

bilingual status indicates that researchers (at least implicitly) view bilingualism as a 

multidimensional construct, or a construct comprised of “a number of interrelated attributes or 

dimensions” (Law et al., 1998, pg. 741). Given that the construct of bilingualism is both latent 

and multidimensional, deciding how to combine multiple, observable measures into one 

parsimonious model is a crucial step in theory development and data analysis. Multidimensional 

constructs most frequently follow either categorical or continuous models, depending on the 

theoretical relation between a latent construct and its observable measures (Diamantopoulos et 

al., 2008; Law et al., 1998; Meehl, 1995; Polites et al., 2012; Waller & Meehl, 1998). In the field 

of bilingualism, researchers frequently use a categorical model, but more are turning to 

continuous approaches based on recent theoretical perspectives. 

2.2.1 Categorical Model  

Much of the early literature on bilingualism followed a categorical model and compared 

bilinguals and monolinguals as discrete groups (see Figure 2.1). For example, a seminal study by 

Peal and Lambert (1962) compared “balanced” bilingual and monolingual children on several 

measures of intelligence and achievement, and the results dispelled the myth that bilingualism 

was detrimental to children’s development. In another classic study, Ianco-Worrall (1972) found 

that bilingual children, defined as those who were exposed to two languages regularly and who 

demonstrated competence in those languages, realize the arbitrary nature of the mapping from a 

word’s sound to its meaning earlier than monolinguals, suggesting bilinguals have advanced 

semantic knowledge. The comparison of bilinguals and monolinguals has also been used in more 

contemporary research, and a large number of studies have found differences in group 

comparisons of monolinguals and bilinguals, across cognitive (Bialystok, 2004; Costa et al., 

2009; Prior & Macwhinney, 2010; Zirnstein et al., 2018), neuroscientific (see Del Maschio & 

Abutalebi, 2019; Pliatsikas & Schweiter, 2019 for reviews), and linguistic domains (e.g., Byers-

Heinlein et al., 2010; Kaushanskaya & Marian, 2009; Sebastián-Gallés et al., 2012), amongst 

many other subfields of study.  

When these bilingual and monolingual groups are examined more closely, however, 

variation within each group becomes apparent. For instance, bilinguals may have different ages 
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of acquisition, language combinations, and/or degrees of proficiency, and monolinguals may 

have different amounts of exposure to a second language across their lifespan (e.g., many 

researchers consider adults to be monolingual even if they had some foreign language education 

in school). Researchers have recognized that the heterogeneity within the traditionally-defined 

bilingual and monolingual groups could obscure differences in performance within each of these 

groups (e.g., Abutalebi & Rietbergen, 2014; Baum & Titone, 2014; de Bruin, 2019; DeLuca et 

al., 2019; Luk, 2015; MacCallum et al., 2002). In order to accommodate the variation within 

groups and gain a deeper understanding of bilingualism, many researchers use more nuanced 

bilingual groups, such as “early bilinguals,” “French–English bilinguals,” and “nearly balanced 

bilinguals” (see Figure 2.2; Surrain & Luk, 2017). With the increased number of bilingual 

groups, researchers can compare different groups of bilinguals to each other. This allows a 

categorical model of bilingualism to be used to address a wide variety of research questions 

across subfields of bilingualism research, from infancy (e.g., Bosch & Sebastián-Gallés, 1997b) 

to older adulthood (e.g., Bialystok, 2004), addressing questions ranging from language 

development (e.g., Müller & Hulk, 2001) to cognitive benefits (e.g., Costa et al., 2009). This 

practice has allowed for a wide variety of comparisons to be made between bilinguals and 

monolinguals, as well as between different types of bilinguals, and has generated a large amount 

of knowledge on bilingualism.  

While increasing the number of bilingual categories better captures the variability in 

bilinguals’ experiences and abilities, categories are often poorly defined in research articles, 

limiting the interpretability of results (de Bruin, 2019; Hulstijn, 2012; Lehtonen et al., 2018; 

Surrain & Luk, 2017). This lack of clarity can be attributed to the wide variety of measures used 

to categorize participants and arbitrary cutoffs that may differ from study to study. Currently, 

there are many ways that researchers evaluate an individual’s bilingual status. For example, there 

are several different questionnaires available to assess an individual’s language background, 

some of which were designed for use with adult samples (LSBQ, Anderson et al., 2018; LHQ, Li 

et al., 2006, 2014; LEAP-Q, Marian et al., 2007), while others were designed for use with infant 

and/or child samples (LEQ, Bosch & Sebastián-Gallés, 2001; MAPLE, Byers-Heinlein et al., 

2020; LEAT, DeAnda et al., 2016; ALDeQ, Paradis et al., 2010; BiLEC, Unsworth, 2013). 

While these questionnaires have similar measures, they are not identical. It would therefore be 

hypothetically possible that an individual could be placed into a different language group based 
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on which questionnaire is used. Even if the same questionnaire is used across studies, the 

information gathered may not be used in the same way if each study prioritizes different 

components of a questionnaire (e.g., focusing on age of acquisition vs. frequency of use in the 

home).  

Additionally, groups are often formed based on different cutoffs, often due to the nature 

of the sample available, which have varying levels of empirical support. For example, a single 

study may compare a group of early- and late-bilinguals, but the definition of who qualifies as an 

early- versus a late-bilingual may vary across studies. To illustrate, Tao and colleagues (2011) 

placed bilinguals into the early or late group if their second language exposure began before the 

age of 6 years or after the age of 12 years (respectively), whereas Baker and Trofimovich (2005) 

placed bilinguals into the early or late group if their second language exposure began before the 

age of 13 years or after the age of 15 years (respectively). Therefore, even if studies use the same 

labels for their bilingual groups, the groups may have different characteristics, making it difficult 

to synthesize findings. Because researchers cannot rely on the particular labels used in one study 

when comparing across multiple studies, extensive details on the bilingual sample(s) in a given 

study are necessary for results to be interpreted within the context of the literature.  

In addition to being difficult to synthesize across studies, categorizing participants into 

discrete groups could have unintended consequences for statistical analyses and replicability. 

First, conducting group analyses when the variable of interest is actually continuous reduces 

statistical power and increases the chance of a Type I error (Altman & Royston, 2006; Cohen, 

1983). Second, categorization could limit the reproducibility of the results if groups are formed 

based on an individual sample (e.g., median split), as the groups would then be quantitatively 

different across studies (Altman & Royston, 2006). Lastly, if groups are formed based on values 

of a continuous measure, a large amount of information and variability from that measure can be 

lost when such groups are formed (MacCallum et al., 2002). For example, if a sample of 

bilinguals is split based on participants’ age of acquisition, there will be “early” and “late” 

learners. This reduces the variability within age of acquisition, and the individual ages for each 

participant are effectively lost. Moreover, if the split is made at an arbitrary cutoff point (say the 

median age of acquisition of 10 years), then those with an age of acquisition of 9 and 11 years 

are placed in different groups even though they may be more similar to each other than to other 

members of their group (i.e., an age of acquisition of 9 years is more similar to that of 11 years 
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than that of 1 year; Altman & Royston, 2006; MacCallum et al., 2002). In sum, dividing 

bilinguals into groups when the underlying construct is continuous has statistical consequences 

and could obscure our understanding of bilingualism.   

2.2.2 Continuous Model  

In order to account for the full spectrum of bilinguals’ experiences and abilities, some 

scholars have proposed that bilingualism should be viewed and analyzed as a continuous variable 

(Baum & Titone, 2014; de Bruin, 2019; Kaushanskaya & Prior, 2015; Marian & Hayakawa, 

2021; Takahesu Tabori et al., 2018). Under such an approach, the continuum would span the 

range from completely monolingual (i.e., never having any exposure to a second language) to 

fully proficient bilingual (i.e., “balanced;” see Figure 2.3). It would be possible to create a 

continuum of bilingualism based on a single variable (e.g., years spent speaking two languages). 

However, given that bilingualism is a latent and multidimensional construct, using a variety of 

measures might better place individuals on a bilingualism continuum. These different measures 

will need to be mathematically combined into a final bilingualism score. For example, the 

concept of language entropy incorporates participants’ responses to questions about their 

language exposure, language proficiency, language use in different contexts, and L2 accent 

perception on a single continuous scale (Gullifer & Titone, 2019). When using a continuous 

approach, scholars will need to determine which measures to include and how they will be 

algebraically combined to result in a final bilingualism score (Law et al., 1998), for example 

giving more weight to some dimensions (e.g. age of acquisition) than others (e.g., time spent 

listening to the radio in the second language). Marian and Hayakawa (2021) have recently 

dubbed this type of standardized bilingualism index a “Bilingualism Quotient.” It is important to 

note that the relationship between different measures and the final bilingualism score does not 

need to be linear. For instance, age of acquisition could follow a pattern of non-linear decrease 

resembling threshold effects seen in sensitive periods for language development (Werker & 

Hensch, 2015; Werker & Tees, 2005). 

A continuous model would allow researchers to investigate subtle effects of bilingualism 

and would therefore be useful in specialized applications. For instance, the investigation of 

potential cognitive benefits of bilingualism in adults could benefit from the ability to detect 

smaller effects, and using a continuous model could potentially establish thresholds to see effects 

of bilingualism in this domain (e.g., Cummins, 1976; De Cat et al., 2018; Ricciardelli, 1992). 
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While using a continuous model for bilingualism may be appropriate in some research domains, 

it is unlikely that this model will become the standard across all subfields of bilingual research, 

as the benefits may not apply to certain subfield-specific contexts. For example, some subfields 

(e.g., research with special populations such as infants, or children with developmental delays) 

will tend to focus on large effects in smaller samples, making a continuous model less practical 

than a categorical approach. Moreover, categorical approaches might be more appropriate than 

continuous ones in some research contexts, for example enrolment in a language immersion 

program is inherently categorical (i.e., children are or are not enrolled), a point that we will 

return to later in this chapter. Therefore, both continuous and categorical models may be useful 

in advancing bilingualism research depending on the particular study. 

2.3 Expanding Models of Bilingualism 

Both categorical and continuous models of bilingualism have their advantages and 

disadvantages. Categorical models are easy to interpret, but the groups used in the analyses may 

be heterogeneous. Continuous models accommodate more individual variation but may not be 

practical in all bilingualism research and may be inappropriate if the underlying construct is 

actually discontinuous. Each one can answer different research questions, but given that 

bilingualism is a complex construct, some research questions may be best addressed by some 

combination of the two. Are models available that better reflect the complexity of bilingualism 

by incorporating the advantages of both categorical and continuous models? Other areas of 

research, such as psychometrics, may offer innovative solutions to defining and modeling 

bilingualism (Borsboom et al., 2016). While there are many different psychometric models that 

bilingualism researchers can consider, here we introduce two interesting possibilities: the factor 

mixture model and the grade-of-membership model. Like current approaches to modeling 

bilingualism that rely on participants’ responses to a series of questionnaires or tasks, both of 

these models find patterns within participants’ responses about their language history, 

proficiency, and any other variables relevant to defining bilingualism (Andreotti et al., 2009; 

Clark et al., 2013; Masyn et al., 2010). Additionally, researchers can decide which participant 

data is of theoretical interest to include in the model (e.g., language attitudes, proficiency, age of 

exposure). Unlike current approaches, categories are not pre-defined by the researcher, nor are 

they formed by potentially arbitrary cutoffs determined by the researcher. Instead, categories 

emerge as clusters based on statistical patterns in the data. Furthermore, each of these models 
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offers the possibility of analyzing data continuously, which could increase statistical power of 

analyses involving the dependent variable if bilingualism does exist on a continuum (Altman & 

Royston, 2006; Cohen, 1983). In sum, each of these models is more comprehensive than current 

research practices and would allow researchers to incorporate both categorical and continuous 

properties when analyzing their data.  

2.3.1 Factor Mixture Model 

Factor mixture models are based on the idea that variation can exist within categories 

(Lubke & Muthén, 2005; McLachlan & Peel, 2004), thus individuals are both placed into 

separate categories and given a score on a continuous scale (Clark et al., 2013). Depending on 

the constraints set when developing the model, this continuous score could be interpretable 

relative to all participants, or only relative to participants within the same category. For an 

example unrelated to bilingualism, children could be divided into categories based on whether or 

not they have a conduct disorder, and the degree to which they exhibit symptoms is allowed to 

vary within each group (i.e., children in the group with conduct disorders vary in severity of 

symptoms; Clark et al., 2013).  

With the definition of bilingualism expanding beyond the view that only individuals who 

are “balanced” in both of their languages are bilingual, there is inherently more variation across 

individuals who would now be considered bilingual. Factor mixture models could capture the 

variation within bilinguals by classifying participants into either a monolingual or bilingual 

group and accounting for variation within each of those groups (see Figure 2.4). Factor mixture 

models can also accommodate multiple groups. Allowing multiple bilingual groups in a factor 

mixture model could potentially mirror groups that already exist in the literature (e.g., 

simultaneous, sequential, etc.), and subsequently capture the heterogeneity within those groups 

(Clark et al., 2013; Sulpizio et al., 2020). While theory can drive the number of categories and 

the measures that are included in a final bilingualism score, it should be noted that the number of 

groups and the way that different variables contribute to the continuous score are typically 

determined through an iterative modeling process. In this process, the number of groups and how 

different variables define group membership are systematically varied to find the strongest factor 

mixture model, although the researcher can set theoretically-motivated constraints on models that 

will be considered (Clark et al., 2013; Nylund et al., 2007). 
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For a concrete example, imagine Dr. Factor-Mixture who is working on a project 

investigating the potential effect of bilingualism on a memory task and plans to use a factor 

mixture model to identify bilinguals and monolinguals in her research. Dr. Factor-Mixture 

collects information from 150 participants – the minimum recommended sample size for creating 

a factor mixture model (Lubke & Neale, 2006) – about their language experience and history via 

the Language History Questionnaire (LHQ; Li et al., 2014) before they complete the memory 

task. Once all her data are collected, she uses the participants’ responses to the questionnaire to 

determine their bilingual status. She will use the FactMixtAnalysis package (Viroli, 2012) in R, 

her preferred statistical software (although she could have also used Mplus; Muthén & Muthén, 

2016). Using the observed patterns of responses to the questionnaire, participants are placed into 

different groups and within each group are given a composite, final score on a continuous scale 

indicating how they are situated within the group (Clark et al., 2013; DiStefano et al., 2009). Dr. 

Factor-Mixture can choose a specific type of factor mixture model that either uses the same or 

different variables to determine continuous scores in each group depending on her research goals 

and theoretical conceptualization of bilingualism (Clark et al., 2013). Dr. Factor-Mixture expects 

that there may be different types of bilinguals in her sample (i.e., sequential and simultaneous 

bilinguals), so she runs models with different numbers of expected groups. In order to compare 

the goodness of fit for different models and identify the most parsimonious model, Dr. Factor-

Mixture compares the AIC and BIC values of each model and selects the one with the lowest 

value (Hallquist & Wright, 2014). These values indicate how closely the data fit a particular 

model. When comparing the results, the model that contains 4 groups built from different 

variables for each group is the most parsimonious and is selected as the final model.  When Dr. 

Factor-Mixture examines the output of the final model, she looks at how different variables 

contribute to group membership and sees that these groups could be described as monolingual, 

sequential low-proficiency bilingual, sequential high-proficiency bilingual, and simultaneous 

high-proficiency bilingual. Dr. Factor-Mixture can now analyze the participants’ scores from the 

memory task categorically using the groups identified in the model in an ANOVA or use a 

regression model to additionally incorporate participants’ continuous scores within each group. 

2.3.2 Grade-of-Membership Model 

Grade-of-membership models also allow for variation within categories. Such models 

place individuals into different categories, but uniquely allow for individuals to simultaneously 
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belong to different categories to varying degrees (Andreotti et al., 2009; Erosheva, 2005). Some 

individuals overwhelmingly belong to one group, and the model consequently places them into 

that group. Some individuals may be somewhere in between multiple groups, belonging to 

different groups to different degrees. Grade-of-membership models capture in-between cases, 

where individuals’ categorization is not as clear, through a “fuzzy set.” This set has no definitive 

boundaries, and individuals belong to this set to different degrees. Grade-of-membership models 

can accommodate multiple groups and the overlap between them. For an example unrelated to 

bilingualism, individuals can be simultaneously affiliated with different political parties, because 

their ideologies fall somewhere in between those most characteristic of the different groups 

(Gormley & Murphy, 2009).  

When applied to bilingualism, a grade-of-membership model could still include 

monolingual and bilingual groups but would also accommodate individuals who do not 

necessarily fit strict definitions for either group (see Figure 2.5). Imagine an individual who 

studied a second language for several years and obtained an intermediate level of proficiency, 

but who no longer uses the language frequently. They might not qualify as either monolingual or 

bilingual by the definitions used in many studies. Individuals like this have often been less 

studied in the literature. However, it might still be important to include these individuals in 

studies in order to gain a more comprehensive view of bilingualism. Therefore, incorporating a 

grade-of-membership model and the “fuzzy set” between different groups of bilinguals and 

monolinguals could offer more insight into how language experience influences a wide variety of 

factors.  

To see this in practice, imagine Dr. Grade-O'Membership who is investigating the effect 

of bilingualism on word learning in adults. Dr. Grade-O'Membership recruited 200 participants – 

the minimum recommended sample size to allow for accurate group identification in grade-of-

membership models (Holmes Finch, 2020) – and asked his participants extensive questions about 

their language history and proficiency using the Language Experience and Proficiency 

Questionnaire (LEAP-Q, Marian et al., 2007). He decides to analyze the responses to these 

questions using Mplus (Asparouhov & Muthen, 2006; Muthén & Muthén, 2016), but he could 

have also used the mixedMem package in R (Wang & Erosheva, 2015). Dr. Grade-

O'Membership builds several models with different number of groups and selects the final 

model, which happens to have only 2 groups, by identifying the model with the lowest truncated 
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sum of squared Pearson residuals (Χ2
tr; Erosheva et al., 2007; Holmes Finch, 2020). Based on 

their responses, each participant is given a probability of belonging to each of the 2 groups 

identified in the sample; the total of these probabilities will sum to one. Dr. Grade-

O'Membership can determine if a participant should be placed in the bilingual or monolingual 

group, based on the group the model says they have the highest probability of belonging to. He 

notices that very few participants have intermediate probabilities, so decides that his sample has 

more of a categorical structure. He then determines which group learned more words using a 2-

sample t-test. He could also use the probability that each participant belongs to the bilingual 

group to analyze the data continuously and examine the relationship between the degree of 

bilingualism and the number of words learned using a regression model.  

2.3.3 Incorporation of New Models 

Both the factor mixture model and the grade-of-membership model are tools that 

researchers can use to better represent the underlying structure of bilingualism and better address 

questions in the field. They could be incorporated into research on bilingualism by following 

several steps. In order to benefit from either of these comprehensive model approaches, a new 

model will first need to be created and validated following the steps explained in the hypothetical 

examples above. This would involve creating new datasets or using pre-existing databases with 

information about a wide range of bilinguals and monolinguals on a variety of bilingualism 

measures, such as language proficiency and history (e.g., via an extensive questionnaire such as 

the LHQ, Li et al., 2014; or LEAP-Q, Marian et al., 2007). Then various iterations of either the 

factor mixture or grade-of-membership model would be built and evaluated for goodness of fit 

using statistical software (Clark et al., 2013). Once a parsimonious model has been fit to the data, 

researchers can use the model to address a variety of research questions. Researchers can use 

models that they have built themselves or models built by other researchers. If several studies 

addressing the same question use the same model, researchers will be able to make direct 

comparisons across these studies.  

For an example of how researchers could use previous models, take Dr. Resourceful who 

is studying attention. Dr. Resourceful is only able to test 75 participants, which is not an 

adequate sample size to develop their own factor-mixture or grade-of-membership model. 

Instead, they opt to use the model developed by Dr. Factor-Mixture to evaluate the bilingual 

status of the participants they do have, because they are studying a similar population. Dr. 
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Resourceful will need to give their participants the Language History Questionnaire (Li et al., 

2014), so that participants answer the same questions that Dr. Factor-Mixture used to create the 

model, and feed participants’ responses to specific items into the model. This will output a 

bilingualism score for each participant, as well as identifying which of the 4 groups from the 

original model the participant belongs to. Dr. Resourceful discovers that none of their 

participants are placed into the sequential high-proficiency group but are split relatively equally 

into the remaining groups. Because each of the groups has different variables contributing the 

bilingualism score (due to the nature of the original model developed by Dr. Factor-Mixture), a 

continuous analysis of all participants is not possible in this model, but Dr. Resourceful can 

approach their analyses in one of two ways. They can analyze the data through a categorical lens, 

using the monolingual, sequential low-proficiency, and simultaneous high-proficiency groups 

formed by the model, or they can incorporate both the categorical and continuous information 

from the model in the analyses by computing a separate regression model using the final 

bilingualism score for each of their groups. 

The factor mixture and grade-of-membership models are simply two of many models that 

researchers could consider employing in the field of bilingualism. If we look to the field of 

psychometrics, there are a wide variety of models that could help researchers better define and 

model bilingualism, such as different forms of factor analysis (Anderson et al., 2018) or cluster 

analysis (Woodbury & Manton, 1989). In using more complex models, information on modeling 

decisions will need to be made explicit, and assumptions about the nature of bilingualism could 

ultimately be challenged. By addressing these issues in the field, researchers will be able to drive 

theories of bilingualism forward. While these complex models will help to operationalize 

bilingualism, it is necessary to address how to best incorporate them into the field. 

2.3.4 Standardization in the Field 

When moving towards more comprehensive models of bilingualism, some may argue that 

there is a single best model of bilingualism that should be used in the field, including across 

different subfields and studies (Marian & Hayakawa, 2021). However, this approach could face 

obstacles in the measures that are available across the stages of development and the statistical 

analyses that can be conducted with different populations. Additionally, standardization within 

the field of bilingualism could limit the number and type of research questions that can be 

addressed. 
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First, a standard definition of bilingualism may be difficult to implement across different 

populations and stages of development. For example, it is possible to gather a wide range of data 

on an adult’s language proficiency and background through questionnaires or language tests 

(Anderson et al., 2018; Li et al., 2014; Marian et al., 2007; McNamara, 2000). This provides a 

comprehensive view of an individual’s language experience that could be used in analyses. 

However, gathering the same in-depth information on an infant’s language experience is much 

more difficult. Infants are unable to respond to direct questions, so their caregivers must provide 

information about their language experience, which is often limited to information about their 

language exposure (Bosch & Sebastián-Gallés, 2001; Byers-Heinlein et al., 2020). Trying to use 

the same standardized measure for both adults and infants would be ineffective and ultimately 

unsuccessful. We argue instead that in order to increase transparency, bolster comparisons across 

studies, and help replication efforts, researchers should include detailed descriptions of their 

definition, measures, and model of bilingualism (Esposito et al., 2015; Luk et al., 2017). 

Furthermore, where possible, researchers who work with similar populations should try to reach 

a consensus on using a single measure (De Cat et al., 2021). 

Second, bilingualism may have a different underlying structure in different target 

populations or in the context of different research questions, and, as discussed above, it is 

important that statistical analyses accurately reflect this underlying structure (Altman & Royston, 

2006; Cohen, 1983; MacCallum et al., 2002). For example, in a study investigating if there is a 

difference in bilinguals’ and monolinguals’ ability to discriminate two languages in infancy 

(Byers-Heinlein et al., 2010; Nazzi et al., 2000), a categorical construct such as language group 

(i.e., monolingual vs. bilingual) might appropriately characterize the sample, and t-tests, 

ANOVAs, or regressions with categorical predictors would be appropriate analytic approaches.  

By contrast in a study investigating how bilingual experiences (e.g., age of acquisition of their 

second language) affect brain function (DeLuca et al., 2019), participants might be best 

characterized in terms of a continuous measure of bilingualism, and correlations or regression 

models would be appropriate. Finally, as this paper has proposed, in many cases the sample 

might have both categorical and continuous characteristics, for example in a study of 

undergraduate students who come from diverse monolingual and bilingual backgrounds and have 

different language histories. Here, either a factor mixture or grade-of-membership model could 

be appropriate. Because of the variety of samples and research questions in the field of 
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bilingualism, it is important that a variety of models be accepted in the field and for researchers 

to carefully consider which model best addresses their population and research question. 

2.3.5 Future Directions 

This paper has discussed four different models of bilingualism that scholars have used or 

could use in their research. The traditional practice of using a categorical model and the recently 

proposed continuous model of bilingualism are the tip of the iceberg for how bilingualism can be 

defined and modeled. We have suggested two other types of models for bilingualism researchers 

to consider: the factor mixture model and the grade-of-membership model. These models extend 

the current thinking about how bilingualism should be defined and understood, as they 

incorporate both categorical and continuous aspects.  

Although the aim of this paper is to encourage researchers to consider different models of 

bilingualism, we caution against too many models being used across the literature. We 

recommend that particular subfields compare the relative theoretical and practical merits and 

performance of different models, and carefully consider the types of participant data used to 

create their models (e.g., questions about language proficiency and use versus questions about 

language attitudes). Ideally, subfields will converge on the model that is most appropriate for 

their research questions and populations and converge on a standard approach to collect such 

data (e.g., a consistent questionnaire). For the researchers who are developing models, we 

encourage them to pre-register the steps that they will take and the comparisons that they will 

make to arrive at the final model, including the number of different groups and the combinations 

of variables they will try. Once the model has been finalized, researchers can transparently report 

the creation and selection process and share their scripts, so others can use the same model. 

Similarly, for researchers who are using previously developed models, we suggest that they 

consider which model to use based on their research question and the typical models used in their 

subfield before data analysis begins and to pre-register this choice, as well as their commitment 

to use the same materials that were used in the development of the model. This will reduce the 

chances of p-hacking and tinkering with group definitions until results are statistically significant 

or match the original hypothesis, which can increase Type I error and lead to less robust results 

(Simmons et al., 2011). We also encourage all researchers to share their data to increase 

transparency and contribute to standardization efforts. Combined, taking these steps will help a 

particular subfield converge upon a single model best suited to its needs. Adopting more nuanced 
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models will ultimately allow for a wider range of research questions to be addressed and for 

advancement of theories of bilingualism.  
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Figure 2.1: Representation of a categorical model of bilingualism. 
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Figure 2.2: Representation of a categorical model of bilingualism with many different possible 

groups of bilinguals. 
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Figure 2.3: Representation of a continuous model of bilingualism. 
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Figure 2.4: Representation of a factor mixture model of bilingualism where data can be analyzed 

based on categorical membership or placement on a continuum. 

 

  



34 

 

Figure 2.5: Representation of a grade-of-membership model of bilingualism where data can be 

analyzed based on categorical membership or placement on a continuum. 
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Code-Switching in Parents’ Everyday 

Speech to Bilingual Infants 

 

3.1 Introduction 

In environments where multiple languages are used, bi- and multilingual speakers can 

combine more than one language in their conversations, a phenomenon known as code-

switching. Code-switching was originally believed to be the result of a language deficiency 

(Weinreich, 2010), a strategy used by bilinguals to compensate for a lack of proficiency in either 

one or both languages (Heredia & Altarriba, 2001). Others believed that code-switching 

threatened the “purity” of a language (Myers-Scotton, 2017). Scholars today, however, 

overwhelmingly reject these views and recognize that code-switching is a systematic and 

complex linguistic phenomenon that is typical of bilingual communities (Hoff & Core, 2015; 

Ritchie & Bhatia, 2012; Yow et al., 2018). For the past several decades, researchers have 

investigated how often, where syntactically, and why code-switching occurs. While this body of 

research is vast, it has typically focused on speech between bilingual adults. What remains 

largely unstudied is the nature and purpose of code-switching when bilingual adults speak to 

young children. Here, we analyzed the speech input of 21 French–English bilingual families in 

Montreal via day-long, at-home audio recordings that were made when infants were both 10 and 

18 months old, a critical period for language development. Our goal was to understand the nature 

of code-switching in parental speech to bilingual infants, focusing on a) frequency, b) syntactic 

location, and c) apparent reasons for code-switching. 

3.1.1 Why Caregivers’ Code-Switching Matters for Understanding Language Development 

Adults routinely modify their speech when interacting with children (Fernald, 1989). For 

example, many language communities around the world use infant-directed speech, which has 

characteristics that include variability in pitch (Stern et al., 1983), higher pitch (Albin & Echols, 

1996), shorter utterances (Soderstrom et al., 2008), more repetition (Hills, 2013), and 

lengthening of final syllables (Albin & Echols, 1996). The exact qualities of infant-directed 

speech vary between parents and have been linked to variations in infants’ linguistic abilities (see 

Soderstrom, 2007 for a review).  

3 
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For bilingual caregivers, infant-directed speech may contain code-switches, which like 

other aspects of infant-directed speech, could impact language development either positively or 

negatively. On one hand, laboratory studies have suggested that code-switched speech can be 

more challenging for bilingual children to process than single-language speech (Byers-Heinlein, 

2013; Byers-Heinlein et al., 2017; Morini & Newman, 2019; Potter et al., 2018). Difficulties in 

language processing could ultimately lead to delayed language development. On the other hand, 

code-switching may be a useful strategy for bilingual caregivers to support their child’s 

development in both of their languages. For example, long-term exposure to code-switching 

could prepare infants for processing dual-language input (Orena & Polka, 2019). Further, code-

switching could be used to scaffold bilingual vocabulary acquisition, by providing terms in each 

language. However, we still have a poor understanding of how often and what types of code-

switches infants encounter in their daily life. Investigating the quality and quantity of infant-

directed code-switching is a crucial first step in understanding how it might affect language 

development. 

3.1.2 Frequency of Code-Switching 

Code-switching is common in bilingual and multilingual communities (Myers-Scotton, 

2017), and it also occurs in parents’ speech to their children (Goodz, 1989). A questionnaire-

based study in Vancouver, Canada, found that more than 90% of bilingual parents (English and 

another language) reported engaging in code-switching when speaking to their children (Byers-

Heinlein, 2013). Although code-switching was common, the frequency across parents was found 

to be highly individualistic. Within-sentence code-switching roughly followed a normal 

distribution, highlighting the variation between parents’ rates of code-switching. Similarly, an 

observation-based study in Maryland, USA, observed that all of their Spanish–English bilingual 

parents used code-switching during a play session with their child (Bail et al., 2015). While 

code-switching occurred, on average, in 15.8% of all utterances by each parent, this ranged by 

parent from 0.4 to 58.5% (Bail et al., 2015). This variation across speakers is also commonly 

observed in studies on adults’ code-switching behaviors (Dewaele & Li, 2014; Dewaele & 

Zeckel, 2016). 

The frequency of parental code-switching may be an important factor in a bilingual 

child’s language development. For example, children code-switch at a similar rate as their 

parents, suggesting that parental code-switching serves as a model (Genesee et al., 1995). 
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Additionally, several studies have investigated the relationship between the frequency of parents’ 

code-switching and their child’s vocabulary size, but these studies have reported divergent 

findings: some indicate that code-switching may negatively impact a child’s vocabulary 

development (Byers-Heinlein, 2013) while others indicate that code-switching has no impact on 

a child’s vocabulary development (Bail et al., 2015; Carbajal & Peperkamp, 2020).  

One possible reason for these mixed results in the literature is that different studies have 

used different methods to measure the frequency of parental code-switching. One method that 

has been used is observing parents during a play session in a laboratory environment (Bail et al., 

2015; De Houwer & Bornstein, 2016). This allows for direct measurement of code-switching 

frequency but is limited, because parents may not engage in their usual code-switching behaviors 

due to perceived expectations in the laboratory environment. Another method is to use 

questionnaires asking parents to rate the frequency of their code-switching (Byers-Heinlein, 

2013; Place & Hoff, 2016). However, parents’ self-reported frequency of code-switching may 

not reflect their actual frequency of code-switching (Bail et al., 2015). Additionally, when 

comparing parents’ self-reported code-switching to their child’s performance on language tasks, 

no relationship between the two measures has been observed (Place & Hoff, 2016; Schott, 

Mastroberardino, et al., 2021). This indicates that while self-report is time-efficient, parents may 

not be consciously aware of how much they code-switch, meaning this measure could be 

inaccurate. Lastly, rates of parental code-switching have been measured via a diary method, 

where parents indicate whether they spoke to their child in one or both of their languages in a 

given 30-minute block (Place & Hoff, 2011, 2016). This measures whether the two languages 

co-occur temporally across large blocks of time but does not quantify in more fine-grained detail 

exactly how much code-switching a child hears. 

To better understand how code-switching might influence children’s language 

development, and given that the frequency of code-switching is highly variable between 

individuals and difficult to measure precisely, a new approach is needed to more accurately 

measure the frequency of parental code-switching. One solution is to obtain recordings from 

parents speaking to their child in their home. This provides a more accurate picture of everyday 

code-switching in families; the exact number of code-switches can be counted and analyzed. 

This method circumvents measurement issues associated with observation in an unfamiliar 

laboratory environment and self-report. Moreover, it provides the opportunity to assess the 
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accuracy of self-report measures and evaluate how these measures could be incorporated into 

future research. Our first research goal was to observe how frequently code-switching occurs in 

the daily life of bilingual families and to compare this to self-report measures of code-switching. 

3.1.3 Syntax of Code-Switching 

Raw measures of the frequency of code-switching do not account for the diverse 

syntactic locations where code-switching can occur. Code-switching is a rule-governed language 

phenomenon, and code-switches do not occur in random syntactic locations (MacSwan, 2012). 

Intersentential switches occur between sentences, and thus are not subject to syntactic constraints 

(e.g., Let’s read a book. Je vais lire un livre. [fr. I’m going to read a book.]); intrasentential 

switches occur within a sentence and are governed by syntactic rules (e.g., I’m going to read un 

livre [fr. a book]; MacSwan, 2012). This distinction is important even in early development, as 

some research has suggested that 20-month-old bilinguals more readily process intersentential 

code-switches than intrasentential code-switches (Byers-Heinlein et al., 2017). Indeed, previous 

research has shown that parents tend to code-switch more between sentences than within a 

sentence when playing with their child (Bail et al., 2015).  

Intrasentential code-switches can occur at several different locations (MacSwan, 2012). 

For decades, scholars have proposed various theories and rules to describe the systematic nature 

of code-switching (e.g., Azuma, 1992; MacSwan, 2012; Myers-Scotton, 1997; Poplack, 1980; 

Sankoff & Poplack, 1981; Woolford, 1983). While these theories vary on their exact rules, they 

generally converge on the idea that code-switching can occur when the grammars of the two 

languages overlap in some way (Poplack, 1978, 1980).   

To our knowledge, only one study has examined the syntactic locations of intrasentential 

code-switches in parental speech, finding that over half of intrasentential code-switches occurred 

between a determiner and a noun (e.g., el [sp. the] apple; Bail et al., 2015). One important 

distinction may be whether intrasentential code-switches occur at a syntactic boundary (e.g. The 

student brought the homework para la profesora [sp. for the teacher]; example and translation 

from Belazi et al., 1994), or within a syntactic phrase (e.g. una Gegend fredda [a region cold]; 

Italian–German example and translation from Cantone & MacSwan, 2009). Bilingual infants 

show sensitivity to the syntactic structure of their languages by age 7 months (Gervain & 

Werker, 2013), which suggests that they might also be sensitive to the syntactic location of code-

switches. Due to the potential differences in children’s processing of code-switches at various 
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syntactic boundaries, our second research goal was to investigate the prevalence of code-

switches occurring at a syntactic boundary compared to ones occurring within a syntactic phrase. 

This is a tractable way to begin examining the effects of the syntactic properties of parental code-

switching on speech processing and language development in general.  

3.1.4 Reasons for Code-Switching 

Speakers may engage in code-switching for different reasons depending on whether they 

are interacting with another adult or with a child. Certain reasons that drive code-switching in 

adult conversations might also apply to parent–child speech. At the same time, there may be 

unique motivations that parents have for code-switching that support their child’s language 

development.  

First, code-switching behaviors vary significantly between different communities of 

bilinguals (Heller, 2010). For many, code-switching serves to reinforce a community’s identity 

by following the accepted local norms and functions of code-switching (Nilep, 2006). For 

example, the communal identity can be strengthened when a speaker code-switches in order to 

use an idiom from one of their languages or to share a piece of cultural wisdom or history, a type 

of linguistic borrowing (Ritchie & Bhatia, 2012). Parents may code-switch with their young 

children in the same way that they do with other community members. This could serve to teach 

their child their community’s norms and expectations. Indeed, research on children’s early 

productions of code-switching have found that children code-switch at a similar rate to their 

parents, suggesting that parental code-switching may serve as a model for developing bilinguals 

(Comeau et al., 2003; Yip & Matthews, 2016). Modeling norms might also occur through 

borrowings that are common in the community, which could include baby- and child-specific 

terms. For example, in Montreal, Canada, it is common for a child’s stuffed toy to be referred to 

with the French word “toutou” regardless of the language that the parent is speaking. Using this 

term when speaking English would be an instance of code-switching. 

Another important driver of code-switching in adult–adult conversations is to improve 

understanding of the speaker by their conversational partner (Heredia & Altarriba, 2001). 

Similarly, bilingual parents may use code-switching to adapt to their child’s knowledge, for 

example code-switching to produce a word that they know their child understands rather than its 

unfamiliar translation equivalent. There are also reports that parents sometimes code-switch in 

order to teach their child a new word, again using code-switching strategically to enhance their 
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children’s comprehension and learning (Byers-Heinlein, 2013). For example, bilingual parents 

have been observed to code-switch in order to provide a translation from one language into the 

other (Bail et al., 2015). Code-switching in these circumstances may help to support children’s 

language learning. 

Finally, adults have been observed to code-switch in conversations to create metaphorical 

effects in the discourse (Blom & Gumperz, 1972; Gumperz, 1982; Ritchie & Bhatia, 2012), for 

example using direct quotations, such as, “they be like ‘loca, loca’” [sp. honey, honey] (example 

and translation from Bailey, 2000). Metaphorical code-switching is difficult for analysts to 

classify, and even native-speakers do not consciously understand all of the motivations driving 

metaphorical code-switching (Gumperz, 1982). Parents may also code-switch to produce 

metaphorical effects unique to a child’s language development. This could include code-

switching in order to get their child’s attention, emphasize a point, or discipline their child (Bail 

et al., 2015; Byers-Heinlein, 2013; Goodz, 1989).  

In sum, there are numerous reasons why adults code-switch in speech to other bilingual 

adults, as well as additional reasons why adults might code-switch when speaking to their 

children. The reason(s) motivating a parent’s code-switching could potentially bolster a child’s 

language development. Additionally, a single code-switch may be motivated by multiple reasons. 

However, there is little research that quantitatively investigates parents’ motivation for code-

switching when speaking to their child. Our third research goal was therefore to explore and 

quantify parents’ apparent reasons for code-switching in speech to their young children, given 

the paucity of research on this topic.  

3.1.5 Changes Across Development 

Parents adapt their speech to their child’s linguistic abilities. For example, prosodic 

features, such as pitch, change across an infant’s first months (Kitamura & Burnham, 2003; 

Kitamura & Lam, 2009; Stern et al., 1983). As a second example, properties of parents’ speech, 

such as vowel articulation (Lam & Kitamura, 2012) and syntactic complexity (Elmlinger et al., 

2019), appear to change in response to their infants’ feedback. This work has focused on 

monolingual parents, but it is likely that bilingual parents also alter their speech based on their 

infant’s feedback. It is currently unknown whether parents’ code-switching changes in response 

to an infant’s developing language abilities, as previous studies have not investigated properties 

of parental code-switching longitudinally beyond whether or not code-switching occurs (De 
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Houwer & Bornstein, 2016). Thus, our fourth research goal was to examine how parental code-

switching may change across their infant’s development. 

3.1.6 Current Study 

The current study investigated the code-switching behaviors of parents in Montreal, 

Canada. Montreal is a unique environment for studying bilingualism, because both French and 

English are widely spoken throughout the city, and both have high status in the community. This 

creates a favorable environment for investigating code-switching. Below, we detail the 

predictions associated with each of our research questions:  

RQ1a: How often do parents code-switch? 

We expected to observe code-switching in all families. However, we expected that the 

frequency of code-switching would vary across families. Such a finding would be consistent with 

previous research (Bail et al., 2015; Byers-Heinlein, 2013). 

RQ1b: How reliable are self-report measures of code-switching? 

In addition to measuring the frequency of parents’ code-switching, we had the 

opportunity to compare this direct observation to a self-report measure (the Language Mixing 

Questionnaire; Byers-Heinlein, 2013), thereby evaluating the validity of such measures. 

RQ2: Where do parents code-switch syntactically? 

We predicted that parents would code-switch both between and within sentences. 

Generally, we expected to observe more intersentential than intrasentential code-switches, as 

previously reported by Bail and colleagues (2015). For intrasentential code-switching, we 

predicted that it would more often occur between syntactic phrases than within a syntactic phrase 

(Woolford, 1983). This pattern may emerge because switches at a syntactic phrase boundary are 

easier to produce or process. 

RQ3: Why do parents code-switch? 

We anticipated that code-switching would occur for a variety of apparent reasons. 

Previous research suggests that parents may code-switch for reasons such as boosting their 

child’s understanding, borrowing a term from the other language, providing a translation 

equivalent, getting their child’s attention, emphasizing a point, or disciplining their child. 

Because previous research has not addressed how frequently parents code-switch for each of 

these reasons, we did not have any predictions as to which reasons would be more frequent than 

others or what combination of reasons may motivate a single code-switch.  
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RQ4: Do patterns change across the infant’s development? 

Due to the great advances in children’s language skills between 10 and 18 months of age, 

we expected parents’ code-switching frequency to increase between these two time points, as 

they adjust to their children’s language skills (e.g., Stern et al., 1983). This prediction also 

follows from an implicit assumption that parents adapt their input to their children’s language 

processing abilities. 

3.2 Method 

Data were drawn from the Montreal Bilingual Corpus (Orena et al., 2019), which 

contains daylong home recordings for French–English bilingual children recorded at age 10 

months and again at age 18 months. We initially conducted pilot coding of data from 2 children 

at 10 months to verify and finalize our coding scheme. Prior to listening to or coding the 

remaining code-switches, we then pre-registered our methods via the Open Science Framework 

at https://osf.io/a52ku. Any deviations from the pre-registration are noted and justified. All data, 

including those from the 2 pilot children, were included in the final analysis. This research was 

approved by the Institutional Review Board at McGill University (IRB # A05-B20-16A). 

3.2.1 Participants 

Participants who contributed to the corpus were families with a young infant who heard 

French and English at home (n = 21). Infants were 10 months of age (M = 9m29d, Range = 

9m15d – 10m14d) during their first visit to the laboratory. Most of these families returned for a 

second visit (n = 16) when infants were 18 months of age (M = 18m29d, Range = 18m4d – 

20m26d). As reported by parents, none of the infants had an auditory or developmental 

neurocognitive disorder. Parents also reported being from a mid to high socioeconomic 

background, with a mean Hollingshead score of 52.2 (Range = 31 – 66 out of a possible 66). 

Using a common cut off in the field of infant and child bilingualism (Byers-Heinlein, 

2015), initial eligibility criteria for the corpus required that infants have at least 25% of their 

overall exposure to both English and French, and that they have daily exposure to both 

languages. Infants’ language exposure was first estimated during a phone screening and then 

evaluated more thoroughly upon their visit to the lab with a language exposure questionnaire 

(LEQ; Bosch & Sebastián-Gallés, 2001) using the Multilingual Approach to Parent Language 

Estimates (MAPLE; Byers-Heinlein et al., 2020). Based on this questionnaire, 3 infants no 

longer met the language exposure criteria as they had slightly lower than the 25% minimum 

https://osf.io/a52ku
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exposure to their non-dominant language. However, these infants were still included in the 

corpus as well as the current analyses because they all received daily exposure to both French 

and English (Orena et al., 2019). At 10 months, twelve infants were in a French-dominant 

environment (i.e., 56 – 79% of their language exposure was in French), and 9 were in an 

English-dominant environment (i.e., 55 – 76% of their language exposure was in English). Four 

infants also heard a small amount of a third language in the home (i.e., Arabic, Kannada, 

Portuguese, and Spanish), but this constituted less than 5% of each infant’s language exposure. 

At 18 months, 8 infants were in a French-dominant environment (60 – 78% French) and 8 were 

in an English-dominant environment (50 – 78% English).  

Each family in the corpus included two different-sex parents. While all parents reported 

knowledge of English and French, not all parents reported speaking both languages to their 

infant. Of the 42 parents in the corpus, 26 reported that they spoke both languages to their infant, 

while 16 reported speaking only one language to their infant. Each parent, except one, completed 

the Language Experience and Proficiency Questionnaire (LEAP-Q; Marian et al., 2007). Parents’ 

age of acquisition ranged from 0 – 17 years old (M = 4.78, SD = 4.94) for English and from 0 – 

21 years old (M = 3.10, SD = 5.27) for French. Parents also rated their proficiency for speaking, 

comprehension, and reading from 0 to 10 in both English and French and reported a mean 

proficiency score of 9.23 (SD = 0.86, Range = 6.33 – 10) in English and 9.42 (SD = 1.12, Range 

= 5.67 – 10) in French. All parents completed the Bilingual Dominance Scale (Dunn & Fox Tree, 

2009), and reported an average dominance score of 3.48 (SD = 12.90, Range = -19 – 22), where 

a negative score indicates dominance in English and a positive score indicates dominance in 

French. Sixteen parents were dominant in English, 25 were dominant in French, and 1 was 

equally dominant in both languages. In sum, while parents generally reported high levels of 

proficiency in both languages, most also reported having a dominant language. This reflects 

variation that is common between bilinguals. While this variation could explain parents’ code-

switching, such questions are beyond the scope of the current paper.  

3.2.2 Procedure 

Data for the corpus were collected as part of a larger research project on early bilingual 

development (Orena et al., 2019, 2020). The data for 10-month-olds were collected between 

November 8th, 2016 and September 18th, 2017, and the data for 18-month-olds were collected 

between July 25th, 2017 and March 28th, 2018. The audio recordings were collected using 
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Language ENvironment Analysis (LENA) devices, which are small, portable recorders that can 

record up to 16 hours. When infants were 10 months old, each family completed two 

appointments. At the first appointment, the procedure and purpose of the study were explained, 

and families were interviewed about their language use (LEQ via MAPLE; Bosch & Sebastián-

Gallés, 2001; Byers-Heinlein et al., 2020). Each family was given three LENA recording 

devices, and three infant vests to hold the devices. Families were asked to record three full days 

at home: two weekdays and one weekend day. Two families were unable to follow this schedule: 

one recorded 1 weekday and 2 weekend days, and the other recorded 3 weekdays. Three infants 

were enrolled in daycare at the time of their participation, but the recordings were made on days 

the infant was at home. Families were instructed to begin the recording when the infant woke up 

and have the LENA device record the entire 16 hours. When all three recordings were complete, 

there was another appointment where the LENA devices were collected and questionnaires about 

the parents’ language experience and proficiency (LEAP-Q; Marian et al., 2007) and language 

mixing (Language Mixing Questionnaire; Byers-Heinlein, 2013) were administered.  

When infants were 18 months old, families repeated the same procedure. To capture any 

changes in the infant’s language environment, the Language Exposure Questionnaire and the 

Language Mixing Questionnaire were re-administered. At this age, for practical reasons families 

were only asked to record one weekend day. Most of the parents had finished their parental 

leaves, so most of the children were enrolled in daycare. Asking families to record their child’s 

environment while they were in daycare during the week was not feasible, due to privacy 

concerns related to the presence of other children. For these reasons, families were asked to 

record one weekend day instead, in hopes that this would maximize participation.   

3.2.3 Transcription 

The LENA system does not differentiate between languages, and therefore cannot 

identify when code-switching occurs. Thus, language identification and transcriptions were 

conducted manually by trained, highly proficient, simultaneous French–English bilingual 

research assistants (for details, see Orena et al., 2020). To create the corpus, the recordings were 

first divided into 30-second segments, following a standard practice for coding daylong 

recordings (e.g., Ramírez-Esparza et al., 2014), and to allow research assistants to reliably pay 

attention to who was speaking and in what language (Orena et al., 2020). If an utterance broke 

off in mid-stream at the end of the segment, the research assistants listened to the following 
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segment to transcribe the end of the utterance. Through pilot analyses of the corpus, it was 

determined that looking at every other segment was sufficient for evaluating infants’ language 

environment (Orena et al., 2020). Therefore, the research assistants listened to every other 

segment and noted who was speaking, to whom, and in what language (see Figure 3.1). If any 

speaker used more than one language within a segment, the language of that segment was tagged 

as “mixed.” Each of the mixed-language segments was transcribed by research assistants. The 

transcriptions were reviewed by a second group of research assistants to ensure accuracy.  

3.2.4 Coding 

Once all the segments that contained mixed language were identified and transcribed in 

the coded portion of the corpus, every instance where a parent was talking to their infant and 

changed the language they were speaking was tagged as a code-switch. This means that it was 

possible for a single segment to contain multiple code-switches if the speaker changed languages 

multiple times. If a single segment contained more than one code-switch, it was marked as such. 

The full coding protocol can be found at https://osf.io/yz6f7/ (see Appendix A).  

Frequency 

After identifying all instances of code-switching in the corpus, frequency was determined 

by normalizing this value by the amount of speech that children heard. This was important to 

ensure that observed differences in code-switching frequency would not simply reflect the 

overall level of interaction between infants and their caregivers. We used two related approaches 

to normalize our data. Our pre-registered approach was to calculate the number of code-switches 

per hour of speech directed at the infant, which was based on the number of 30-second segments 

that contained infant-directed speech. Our second approach, which was suggested by a reviewer 

and thus was not pre-registered, was to calculate the number of code-switches per 1,000 infant-

directed words. This latter value was calculated based on LENA’s automatic word count values, 

which have been shown to be reliable in this corpus (Orena et al., 2020). We were then able to 

compare these measures of frequency to parent-reported rates of code-switching from the 

Language Mixing Questionnaire. If the average speech rate that infants encounter is reasonably 

consistent, these two normalization approaches will yield similar results. 

 

 

 

https://osf.io/yz6f7/
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Direction 

First, for each code-switch, we noted the direction of the switch. That is, we noted 

whether the speaker’s language switched from French to English, or English to French. As there 

were no hypotheses related to this variable, it was not analyzed. 

Syntactic location 

Second, we determined the syntactic location of the switch. There were three possible 

levels for this coding. We determined whether the switch was between sentences (intersentential) 

or within a sentence (intrasentential). Any switch that happened between sentences and within 

the same 30-second segment was coded as intersentential, regardless of any intervening silence. 

For the intrasentential code-switches, we further determined whether the switch occurred within 

a syntactic phrase (e.g. the red chien [fr. dog]) or between syntactic phrases (e.g. le chien [fr. the 

dog] runs). This was determined by applying various tests of constituency (Radford, 2006). 

Apparent reason for the code-switch 

Lastly, each switch was coded for the apparent reason for the switch based on the context 

available in the audio segment. Apparent reasons were initially based on those previously 

reported in the literature on bilingual parents’ code switching (Bail et al., 2015; Byers-Heinlein, 

2013; Goodz, 1989): attracting the child’s attention, adding emphasis, disciplining the child, 

bolstering the infant’s understanding, attempting to teach new vocabulary, providing a 

translation, and conventionalized borrowings and phrases, including baby-specific words and 

phrases. For definitions for each of these reasons, see the coding manual at https://osf.io/yz6f7/ 

(see Appendix A). For examples, see Table 3.2. Additionally, after pilot coding 2 of the 10-

month-old infants but before pre-registering the study, we decided to add baby-specific words 

and phrases as a subset of the borrowing category in order to better understand the nature of 

borrowing as a type of parental code-switching. Although we coded 8 different apparent reasons 

for code-switching drawn both from the literature and from our pilot coding, we acknowledge 

that our list is not exhaustive and that parents may code-switch for reasons not included here. 

Therefore, if a single switch did not appear to be motivated by any of our pre-determined 

reasons, the coding for the switch was left blank (i.e., categorized as “no reason”). Given the 

complex nature of code-switching and potential overlap between our categories, we allowed a 

single switch to be coded as having multiple apparent reasons.  

 

https://osf.io/yz6f7/
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3.2.5 Inter-Rater Reliability 

To evaluate the accuracy of the data coding, inter-rater reliability was calculated for the 

following categories: direction, syntactic location, and each of the 8 apparent reasons for the 

code-switch. Data were initially coded by the second author, who has training in linguistics and 

psychology and is highly proficient in both French and English. Subsequently, the first author 

coded a randomly selected 20% of utterances to each infant. Inter-rater reliability for each 

category is reported as the percentage of code-switches for each category that were coded the 

same by both raters. Interrater reliability was generally high: 100% for the direction, 94% for the 

constituency of the code-switch, and ranging from 78% to 97% for each of the 8 apparent 

reasons (see Table 3.1). We pre-registered a minimum inter-rater reliability of 75% for each 

apparent reason category to be included in our analyses, thus all the categories were included in 

the subsequent analyses. 

3.3 Results 

All analyses were conducted as per our preregistration, except where deviations are 

noted. One important deviation is that we had originally planned to collapse the data across the 

two age groups (10 and 18 months old) for several of our analyses. However, after preliminary 

analyses revealed striking changes in parental code-switching across development, instead of 

reporting analyses that collapsed across age groups, we opted to report analyses for each age 

group separately followed by the planned statistical comparisons of the two ages. Coded data and 

analysis code are available at https://osf.io/bxkg7/. 

3.3.1 Frequency 

As a reminder, we operationalized frequency in two ways: number of code-switches per 

hour of infant-directed speech, and number of code-switches per 1,000 infant-directed words. To 

calculate the number of code-switches parents produced per hour of infant-directed speech, we 

divided the number of parental code-switches by the number of 30-second segments where a 

parent was speaking to their infant and then multiplied this number by 120, the number of 

segments per hour. To calculate the number of code-switches per 1,000 infant-directed words, 

we divided the number of parental code-switches by the number of infant-directed words (as 

calculated by LENA’s automated word counter). At 10 months, because there were three days of 

recording for each child, we averaged the frequency of code-switching across the three days. The 

two measures of frequency were highly correlated, r = 0.91, 95% CI [0.82, 0.95], t(35) = 12.605, 

https://osf.io/bxkg7/
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p < 0.001, and thus results were highly similar whether calculated by hour of infant-directed 

speech or per 1,000 infant-directed words. 

On average, 10-month-olds heard 7 (SD = 4.85, Range = 1 – 16) code-switches per hour 

of infant-directed speech, which corresponded to 6 code-switches per 1,000 infant-directed 

words (SD = 3.91, Range = 0 – 13). On average, 18-month-olds heard 28 (SD = 22.03, Range = 1 

– 84) code-switches per hour of infant-directed speech, which corresponded to 18 code-switches 

per 1,000 infant-directed words (SD = 16.21, Range = 0 – 59). Paired t-tests of the families that 

contributed recordings at both ages confirmed that parents code-switched more frequently in 

interactions with 18-month-olds than in interactions with 10-month-olds, whether measured by 

code-switches per hour of infant-directed speech t(15)=-3.89, p=.001, Md=-19.99, 95% CI [-

30.94, -9.03] (see Figure 3.2a) or code-switches per 1,000 infant-directed words t(15) = -3.26, p 

= .005, Md = -11.71, 95% CI [-19.36, -4.06]  (see Figure 3.2b). 

In an exploratory analysis, we examined how the frequency of code-switching may have 

changed in each individual family. We compared each family’s code-switching at 18 months to 

their code-switching at 10 months. If a family’s code-switching at 18 months increased or 

decreased from their code-switching at 10 months by more than 2 times the full sample’s 

standard deviation at 10 months (per hour of infant-directed speech: SD = 4.85; per 1,000 words: 

SD = 3.91), we considered this to indicate a change in the frequency of code-switching within a 

family. Our rationale was that a change in frequency of less than 2 standard deviations could be 

attributed to normal variation within the range of what had been observed across families at 10 

months, but a change greater than 2 standard deviations would indicate a meaningful difference. 

As measured by the number of code-switches per hour of infant-directed speech, 9 families 

increased the frequency of their code-switching, 7 families did not change the frequency of their 

code-switching, and no families decreased the frequency of their code-switching. As measured 

by the number of code-switches per 1,000 infant-directed words, 8 families increased the 

frequency of their code-switching, 8 families did not change the frequency of their code-

switching, and no families decreased the frequency of their code-switching. Thus, code-

switching appeared to generally remain stable or increase across these two time points. 

3.3.2 Validity of the Language Mixing Questionnaire 

To evaluate the validity of the Language Mixing Questionnaire, parents’ responses to the 

questionnaire were compared to their code-switching behaviors observed in the data. To do this, 
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each parent who completed the questionnaire was assigned a Language Mixing Scale Score 

(following Byers-Heinlein, 2013), calculated by summing the responses to 5 questions on the 

questionnaire with Likert scales (1 = very true, frequent language mixing; 7 = not at all true, 

infrequent language mixing). This sum was then subtracted from 35, the highest possible sum. 

This resulted in a maximum score of 30 for those who report frequently code-switching, and a 

minimum score of 0 for those who report never code-switching. One parent did not have a 

Language Mixing Scale Score and was excluded from the following analyses. Parents had a 

mean Language Mixing Scale Score of 11.07 (SD = 8.73; Range = 0 - 30) at 10 months and 

12.48 (SD = 7.59; Range = 1 - 28) at 18 months. 

In our pre-registration, we had planned to compute a correlation between parents’ 

Language Mixing Scale Score and a quantification of code-switching frequency where we would 

divide the number of code-switches each parent produced by the number of 30-second segments 

where they spoke to their infant and multiplying this by 100. However, we deviated slightly from 

this plan, to instead be consistent with the quantifications of code switching used in the previous 

analyses: the number of code-switches each parent produced per hour of infant-directed speech, 

and the number of code-switches each parent produced per 1,000 infant-directed words. We note 

that the metric of code-switches per hour is a linear transformation of our pre-registered metric 

of code switches per 30 seconds * 100, and thus this change does not impact inferential statistics. 

Because the Language Mixing Questionnaire was administered at both 10 and 18 months, 

it was possible to compute correlations between self-reported and observed code-switches at two 

ages, and thus scores from each age were included as separate data points in the following 

analyses. The correlation between the Language Mixing Scale Scores and parents’ observed 

code-switching was statistically significant, with a moderate effect size, for both the number of 

code-switches per hour of speech, r = .37, 95% CI [.15, .56], t(69) = 3.30, p =.002 (see Figure 

3.3a), and per 1,000 infant-directed words, r = .35, 95% CI [.13, .54], t(69) = 3.13, p = .003 (see 

Figure 3.3b). 

 One previous study found that the Language Mixing Scale Score has a higher correlation 

with parents’ actual intersentential code-switching than intrasentential code-switching, despite 

the questionnaire asking mainly about intrasentential code-switching (Bail et al., 2015). To 

examine the replicability of this finding, we conducted additional analyses that considered 

intersentential and intrasentential code-switches separately. Parents who participated at both ages 
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have different intersentential and intrasentential frequencies for each age. The correlation 

between the frequency of intersentential code-switching and the Language Mixing Scale Scores 

was statistically significant for both the number of code-switches per hour of speech, r = .34, 

95% CI [.11, .54], t(67) = 2.98, p = .004, and per 1,000 infant-directed words, r = .33, 95% CI 

[.10, .52], t(67) = 2.84, p = .006. The correlation between the frequency of intrasentential code-

switching and the Language Mixing Scale Scores was of a similar magnitude and direction, and 

was statistically significant for both the number of code-switches per hour of speech, r = .30, 

95% CI [.07, .50], t(67) = 2.61, p = .011, and per 1,000 infant-directed words, r = .29, 95% CI 

[.05, .49], t(67) = 2.45, p = .017.  

To compare the correlations between the Language Mixing Scale Scores and the 

intersentential and intrasentential frequencies directly for each frequency measure, we 

transformed them using Fisher’s r to z transformation. Comparing these dependent, overlapping 

correlations revealed that the correlations between the intersentential and intrasentential 

frequencies and the Language Mixing Scale Score were not statistically significantly different for 

either the number of code-switches per hour of speech, z = 0.38, p = 0.70, or per 1,000 infant-

directed words, z = 0.42, p = 0.68. Additionally, parents’ intersentential and intrasentential 

frequencies were correlated for both the number of code-switches per hour of speech, r = .60, 

95% CI [.43, .73], t(68) = 6.20, p < .001, and per 1,000 infant-directed words, r = .62, 95% CI 

[.45, .75], t(68) = 6.53, p < .001, suggesting that parents who code-switch intersententially also 

code-switch intrasententially, which could explain why parents’ Language Mixing Scale Score 

was similarly correlated with both types of directly-observed code-switching. 

3.3.3 Syntactic Location 

3.3.3.1 Frequency comparison of intersentential and intrasentential code-switching  

To evaluate our prediction that parents would produce more code-switches between 

sentences than within a sentence, we divided the number of intersentential code-switches by the 

total number of code-switches at each age of recording. An intersentential percentage score of 

50% would therefore indicate that intersentential and intrasentential code-switches happened at 

the same rate. At 10 months, on average, 77% (Range = 50% – 100%) of code-switches were 

intersentential. At 18 months, on average, 83% (Range = 61% – 100%) of code-switches were 

intersentential. We conducted a one-sample t-test with μ0 = 50 at each age. Consistent with our 

predictions, parents produced more intersentential (e.g., Come on. C’est fini. [It’s done.]) than 
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intrasentential (e.g., Est-ce qu’on va aller manger [Are we going to eat] banana pancake?) code-

switches at both 10 months, t(20) = 7.85, p < .001, M = 77.11, 95% CI [69.91, 84.32], and 18 

months, t(15) = 11.73, p < .001, M = 82.90, 95% CI [76.92, 88.88]. 

Next, we examined whether the percentage of intersentential code-switches changed 

across development. A paired t-test for the 16 families that provided recordings at both ages 

revealed that parents code-switched intersententially more when their child was 18 months old 

(83%) than 10 months old (74%), t(15) = -2.21, p = .043, Md = -8.47, 95% CI [-16.64, -0.29]. 

The change in the percentage of code-switches at each syntactic location across ages can be seen 

in Figure 3.4. 

3.3.3.2 Frequency comparison of intrasentential code-switching at and within syntactic 

boundaries 

To evaluate our prediction that within-sentence code-switches are more likely to occur 

between syntactic phrases than within syntactic phrases, we divided the number of intrasentential 

code-switches that occurred between syntactic phrases by all code-switches that occurred within 

a sentence. A between-phrase percentage score of 50% would therefore indicate that 

intrasentential code-switches between and within syntactic phrases happen at the same rate. At 

10 months, on average, 62% (Range = 0% – 100%) of intrasentential code-switches occurred at a 

syntactic boundary. At 18 months, on average, 54% (Range = 14% – 100%) of intrasentential 

code-switches occurred at a syntactic boundary. We conducted a one-sample t-test with μ0 = 50 

at each age to examine if the percentages of intrasentential code-switches produced between and 

within syntactic phrases were equivalent. These tests revealed that the intrasentential percentage 

score was not statistically significantly different from 50% at either 10 months, t(17) = 1.54, p = 

.143, M = 61.83, 95% CI [45.58, 78.08], or 18 months, t(14) = 0.73, p = .480, M = 54.46, 95% CI 

[41.28, 67.64]. Our results did not support the prediction that parents produce more 

intrasentential code-switches at a syntactic boundary (e.g., Now you want lait [milk].) than 

within a syntactic phrase (e.g., C’est un [It’s a] monkey.). 

Next, we examined whether the percentage of intrasentential code-switches changed 

across development. A paired sample t-test of the families that provided recordings and produced 

intrasentential code-switches at both ages revealed that there was no statistical difference in the 

rate of between-phrase percentage scores across time points t(13) = 0.65, p = .529, Md = 6.86, 

95% CI [-16.06, 29.78]. This indicates that while the frequency of code-switching increases 
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between 10 and 18 months, the percentage of intrasentential code-switches occurring at and 

within syntactic boundaries remains stable. 

3.3.4 Apparent Reason 

3.3.4.1 Co-occurrence of apparent reasons 

Because our coding system allowed for a single code-switch to be coded as having 

multiple apparent reasons, we wanted to evaluate if two reasons co-occurred frequently enough 

to be combined into a single reason. Thus, for each of the 8 reasons, we calculated the proportion 

of switches coded for that particular reason that were also coded for each of the other 7 reasons. 

We identified two pairs of reasons with a co-occurrence rate above 75%, a value set in our pre-

registration. First, 100% of the code-switches that were attributed to the use of baby-specific 

words were also coded as language borrowing. This was unsurprising given that the baby word 

category was added as a subset of borrowing. Second, 80% of the code-switches that were 

attributed to the use of translation equivalents were also coded as increasing understanding. 

Following our pre-registration, we combined each pair of reasons that frequently co-occurred 

into a single category. Additionally, we kept each of the original reasons as subsets of the 

combined category for subsequent analyses. 

3.3.4.2 Frequency of apparent reasons 

To explore the frequency of each apparent reason, we calculated the proportion of code-

switches motivated by that reason for each parent. The proportions for each reason were then 

averaged across all parents. We created a contingency table with the time points and apparent 

reasons as factors (see Table 3.2). No statistical tests were planned or conducted, as we had no 

specific prediction regarding the frequency of the different apparent reasons. 

Parents appear to code-switch most frequently in an effort to bolster their child’s 

understanding. Moreover, while common borrowings of words and phrases were relatively 

frequent in our data, these borrowings did not appear to be attributable to the use of baby-

specific words or phrases. The most notable change across time points was the increase in 

teaching vocabulary. Other apparent reasons were not frequent in our data but do seem to 

motivate some of the parents’ code-switching. Finally, we observed very few code switches that 

did not seem to fit any of the apparent reasons we coded, indicating that most parental code-

switches fit into one or more of these categories. 
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The frequency of each of these reasons motivating a code-switch also varied across 

parents. Figure 3.5 shows the percentage of code-switches that were attributed to parents 1) 

bolstering their child’s understanding and/or producing a translation equivalent, 2) bolstering 

understanding and one of the other 6 apparent reasons, and 3) only another apparent reason. 

These mutually exclusive categories were created to illustrate the prevalence of understanding as 

an apparent reason for code-switching relative to the other reasons. The numbers in each bar 

represent the count for each of the three categories. This figure shows not only the variability in 

apparent reasons behind parents’ code-switching, but also the variation in frequency of code-

switching by individual parents. 

3.4 Discussion 

In this study, we investigated the properties of parents’ code-switching behaviors in 

everyday interactions with their infant. Specifically, we used a corpus of at-home recordings to 

analyze how frequently French–English bilingual parents in Montreal code-switched, as well as 

the syntactic location and apparent reason for each of their code-switches. First, we found that 

the frequency of code-switching, whether controlling for hours of infant-directed speech or 

number of infant-directed words, generally increased between 10 and 18 months of age. Second, 

we found that the majority of parents’ code-switches occurred intersententially at both ages, and 

that this proportion increased across their infant’s development. For the code-switches that 

occurred intrasententially, the proportions of code-switches that happened between syntactic 

phrases and within a syntactic phrase were comparable at both ages. Last, while parents code-

switched for a variety of apparent reasons, most parental code-switches at both time points 

appeared to be motivated by the desire to bolster their infant’s understanding. Parents also 

appeared to code-switch more to teach vocabulary when their infant was 18-months old than 

when they were 10-months old. Combined, our results suggest that parents may be adapting their 

code-switching behavior to their infant’s developing linguistic abilities, producing code-

switching that could support successful acquisition of both languages.  

The first indication that parents may be adapting their code-switching to their infant’s 

language abilities is the increased frequency of code-switching between 10 and 18 months. 

Between these two ages, an infant’s language abilities undergo a large transformation: at 10 

months, most infants do not produce a single word, whereas at 18 months, infants may be 

producing as many as several dozen (Fenson et al., 2014). It is possible that at 18 months, 
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parents are aware of which words an infant knows and which language those words are in. 

Parents may then code-switch more to strategically support their infant’s language development 

in two different ways. One way that parents may code-switch strategically is by switching 

languages to use a word they believe their infant understands. This pattern is consistent with the 

current data showing that parents produced a higher total number of code-switches to bolster 

their infant’s understanding and/or to provide a translation equivalent when their infant was 18 

months old compared to when they were 10 months old.   

Another way parents may code-switch strategically is by switching languages to use a 

word they believe their infant does not understand in order to teach them a new word. This 

pattern is also consistent with our data, as parents were found to code-switch to teach vocabulary 

more when their infant was 18 months old compared to when they were 10 months old. For 

example, this could explain the positive relationship between parents’ intrasentential code-

switching and their child’s vocabulary size found in previous research (Bail et al., 2015). While 

these two reasons for code-switching are seemingly paradoxical, in conjunction, they could 

ultimately support the acquisition of two languages. 

Parents may also adapt their code-switching to their infant’s language abilities through 

altering the syntactic location of their code-switches. Consistent with previous research, at both 

time points, the majority of code-switches that the parents produced occurred intersententially 

(Bail et al., 2015). Parents may use more intersentential code-switches when speaking to their 

infant because intersentential code-switches are easier to produce than intrasentential code-

switches (Poplack, 1980). The relative difficulty speakers have in producing intrasentential code-

switches is mirrored by processing difficulties for listeners in comprehending them. 

Experimental work has suggested that intrasentential, but not intersentential, code-switches elicit 

processing costs in bilingual infants (Byers-Heinlein et al., 2017; Potter et al., 2018), and thus the 

majority of code-switches that bilingual parents produce are those that are the least difficult for 

their infants to understand. The processing costs associated with intrasentential code-switches 

may underlie parents’ shift toward producing a higher percentage of intersentential code-

switches at 18 months compared to 10 months. Parents may (likely implicitly) realize that 

intrasentential code-switches are difficult for their infant to understand, so they decrease the 

number of intrasentential code-switches they produce to reduce processing costs, thus supporting 

their infant’s comprehension and resulting in a higher percentage of intersentential code-
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switches. It is unlikely that parents produced more intersentential code-switches when their child 

was 18 months old simply because they are easier to produce. If a parent is able to produce 

intrasentential code-switches when their infant is 10 months old, they likely retain that ability 

eight months later when their infant is 18 months old. Therefore, any changes in the production 

of code-switching are probably due to external influences, in this case, the development of their 

infant. If parents are indeed altering their code-switching behavior in an effort to reduce 

processing costs for their infant, this suggests that aspects of parental speech unique to bilingual 

contexts are sensitive to an infant’s linguistic development.  

One prediction that was not supported by our analyses was that parents’ intrasentential 

code-switches would occur more often at a syntactic boundary than within a syntactic phrase.  

Instead, we found that these occurred at a similar frequency. This result may be driven by single-

word code-switches that occur between a determiner and a noun (e.g., the chien [dog]), which 

has been found to be a frequent location for parental code-switching (Bail et al., 2015). However, 

our coding scheme did not record the exact syntactic location or the number of words that 

followed a given code-switch, which could be addressed in a subsequent study. Therefore, it is 

possible the frequency of single-word code-switches could explain the equivalent proportion of 

intrasentential code-switches at and within syntactic boundaries. Future work is needed to 

confirm this prediction. 

In sum, our results suggest that, similar to other aspects of infant-directed speech, infant-

directed code-switching can have qualities that might support infant language development. 

Future naturalistic studies could examine links between parents’ use of supportive code-

switching strategies, and infants’ language outcomes. In addition, laboratory studies could 

directly investigate whether code-switching supports bilingual infants in learning words in each 

of their languages. By describing the quality and quantity of code-switching that children hear, 

we can ask more nuanced questions about how code-switching affects bilingual language 

development. 

3.4.1 Differences in Parental Code-Switching Patterns Between Bilingual Communities   

The current study focused on parental code-switching patterns in one bilingual 

community: French–English bilingual families in Montreal. Given the limited research on 

parents’ naturally produced code-switching, it is unknown how much these patterns generalize to 

other bilingual communities. Understanding the differences between bilingual communities 
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could be important when synthesizing findings on bilingual language development. Parental 

code-switching in different bilingual communities may have different properties, which may 

impact language development in different ways, such as the potential link between frequency and 

a child’s vocabulary size (Bail et al., 2015; Byers-Heinlein, 2013; Place & Hoff, 2016).  

To illustrate, here we compare our findings to Spanish–English bilingual parents’ code-

switching during a laboratory play session with their 17- to 24-month-olds, the only other study 

to our knowledge to directly investigate and describe parents’ code-switching (Bail et al., 2015). 

It is important to note that the majority of parents in both our study and this study reported being 

highly proficient in both of their languages. By comparing the results of these two studies, one 

major difference between French–English parents in Montreal and Spanish–English parents in 

the U.S. stands out: the frequency of parental code-switching. Spanish–English parents code-

switched, on average, more than 30 times in a 13-minute play session – over four times more 

than French–English parents, who code-switched, on average, 28 times in an hour of speech 

when their child was 18 months old.  

One highly plausible explanation for this difference is that different bilingual 

communities may have different baseline rates of code-switching that permeate into parents’ 

code-switching with their children. Code-switching may simply be more frequent in Spanish–

English communities in the U.S. compared to French–English communities in Canada. While it 

is hard to determine the exact underlying cause(s) of the difference in code-switching frequency 

across communities, it is possible that communities use code-switching in different ways to 

create and maintain a group identity (Nilep, 2006). In Canada, French and English are both 

official languages, and in Montreal, both languages are widely used throughout the community 

and have high sociolinguistic status. Given the prevalence of both languages in the larger 

community, code-switching may not be used by French–English bilinguals to maintain a group 

identity (Kircher, 2009). However, bilingual Spanish–English communities in the U.S. may feel 

more of a need to cultivate a group identity through the use of frequent code-switching, due to 

the minority status of Spanish in the larger community (Zentella, 1981). 

A second, complementary possibility is that observed differences between these studies 

are attributable to divergent methodologies, with different ages of participants, procedures, and 

coding approaches. First, the age of a child may be an important factor in influencing how 

parents code-switch. For example, the Spanish–English parents might have code-switched more 
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than the French–English parents, because the Spanish–English sample was older (ranging from 

17 to 24 months old). Given our results suggesting that the frequency of code-switching 

increases across a child’s development, it would not be surprising that the older Spanish–English 

children heard more code-switching than the younger French–English children.  

Second, the differences between communities may be explained by the methods used to 

collect the speech samples. Short, structured play sessions result in denser speech samples and 

different features of speech (e.g., density of noun input) compared to naturalistic at-home 

recordings (Belsky, 1980; Bergelson et al., 2019; Tamis‐LeMonda et al., 2017). If parents’ 

speech is denser in play sessions, this provides more opportunities for them to code-switch. 

However, we were able to control for the density of speech in our analysis in the number of 

code-switches parents produced per 1,000 words. Therefore, it is unlikely that the speech density 

between play sessions and at-home recordings underlie the differences in the rate of code-

switching between the two communities. Additionally, parents might code-switch at a different 

frequency during daily life as compared to play sessions, particularly in the lab. Therefore, the 

frequency of code-switching in play sessions may be inflated compared to the frequency of code-

switching in daily life. Other methodological differences, such as the number and gender of 

parents included in the sample could also contribute to the different findings. Therefore, 

differences between Spanish–English and French–English communities might be attenuated if 

parents’ code-switching was assessed using the same method.  

Lastly, the way in which the recordings were made and transcribed in the current study 

could be underestimating how frequently French–English parents code-switch. First, our 

transcription was only able to capture code-switches that happened within the same 30-second 

segment. This method could have missed code-switches that happened between segments. 

However, it is unlikely that enough code-switches occurred at these precise boundaries to 

dramatically alter our results. Second, we only coded every other segment. While pilot analyses 

determined that this resulted in a sample that sufficiently represented an infant’s language 

environment (Orena et al., 2019), some of these segments may have had higher levels of code-

switching. Lastly, only one weekend day was recorded at 18 months, compared to the 2 

weekdays and 1 weekend day at 10 months. This may not have captured the child’s entire 

linguistic environment, therefore, our estimate of code-switching frequency in Montreal may not 

be fully representative for older infants. Future studies applying the same methods will be 
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needed to directly address the question of how code-switching varies across bilingual 

communities.  

3.4.2 Methodological Contributions 

Beyond the substantive contributions toward understanding the nature of parents’ code-

switching, this study provided several methodological contributions. To our knowledge, this 

study was the first to investigate parental code-switching at home through daylong recordings, 

and we were able to develop several novel approaches to do so. An important feature of our 

coding scheme is the ability to measure the frequency of different apparent reasons that parents 

code-switch throughout their daily life. Determining why code-switches occur is difficult even 

for the speaker producing the code-switch (Gumperz, 1982), so at the outset it was unclear 

whether this could be reliably coded. However, the main coder carefully considered the context 

of each switch when assigning the apparent reason(s) for the switch and the interrater reliability 

for each of the individual reasons was high. Additionally, fewer than 1% of the code-switches in 

the dataset were not coded as being motivated by any of our predetermined reasons, suggesting 

that the reasons we examined are representative of why parents code-switch when speaking to 

their child. This suggests that our approach can reasonably determine the apparent reason behind 

a parent’s code-switch.  

Second, we were able to assess the relationship between parents’ actual code-switching 

frequency and their responses to the Language Mixing Questionnaire (Byers-Heinlein, 2013). 

These two measures were found to have a statistically reliable correlation, (r = .30 – .34), 

suggesting that the Language Mixing Questionnaire can detect some of the variation in the 

frequency of parents’ code-switching. Nonetheless, the Language Mixing Scale Scores only 

explained 14% of the variance in parents’ code-switching frequency. There are several possible 

explanations for this result. First, parents may be unable to answer the questions on the 

questionnaire accurately, due to a lack of awareness of their use of code-switching or not 

understanding what the questionnaire is asking (Myers-Scotton, 2017). Second, the range of 

code-switching observed in the data was restricted, particularly at 10 months. It is a well-known 

statistical phenomenon that the magnitude of a correlation is reduced when a sample has a 

restricted range of scores. The Language Mixing Questionnaire may not be fine-grained enough 

to pick up on variation in the frequency of code-switching when it is relatively infrequent, as it 

was in our data. 



59 

 

3.4.3 Scope and Future Directions 

While this study provides the first account of parents’ naturally produced code-switching, 

we nonetheless had to limit our scope to what could be reasonably explored in one study. There 

are still many other questions that this and similar datasets could address in future research. 

There are two major directions we propose for this research: investigating predictors of parental 

code-switching and investigating how parental code-switching may be linked to child language 

outcomes.  

First, we did not explore whether demographic variables (e.g., parental language 

proficiency or dominance, familial language strategy) impacted parents’ code-switching 

behaviors. Research has been able to identify some predictors of an adult’s rate of code-

switching when speaking to another adult, such as personality and language history (Dewaele & 

Li, 2014). This research has not yet been extended to when adults are speaking to children.  

Second, we also did not investigate impacts of parents’ code-switching on infants’ 

linguistic development, such as vocabulary scores. Our focus was on investigating the variation 

in a bilingual infant’s environment, which we believe lays crucial groundwork for understanding 

how this variation affects infants’ language development. This is an important direction for 

future research, because there is little consensus in the literature on whether parents’ code-

switching affects their infant’s language development (Bail et al., 2015; Byers-Heinlein, 2013; 

Orena et al., 2019; Place & Hoff, 2016). It is possible that the inconsistent findings are due to 

qualitative and quantitative differences in the code-switching parents produce across different 

bilingual communities. Thus, more research, applying the same or similar methods as used in 

this study to different bilingual populations, is required to strengthen this foundational 

understanding of how infant-directed code-switching varies across communities. Once 

community differences are better understood, future research could then build upon this 

knowledge and examine the direct impact of parents’ code-switching on children’s language 

development or bilingual language development in general. 

3.5 Conclusion 

Code-switching is a linguistic phenomenon that is pervasive in bilingual and multilingual 

communities; thus, it is unsurprising that bilingual parents code-switch when speaking to their 

infants. Our results from a sample of French–English bilingual families in Montreal show that 

the frequency of parents’ code-switching and the percentage of intersentential code-switches 
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increased between 10 and 18 months of age. At both ages, parents appeared to code-switch most 

frequently in order to boost their child’s understanding. At 18 months, parents code-switched to 

teach vocabulary more than they had when their infant was 10 months old. Combined, these 

results suggest that parents may code-switch in ways that support successful bilingual language 

development. 
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Table 3.1: Inter-rater reliability for each apparent reason. 

 

Category 

Percent 

Agreement 

Attention 91 

Baby words 98 

Borrowing 92 

Discipline 97 

Emphasis 85 

Translation equivalent 85 

Understanding 78 

Vocabulary 91 
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Table 3.2: Percentage (raw count in parentheses) of code-switches observed for each apparent reason at 10 and 18 months, the 

difference in percentage (difference in raw count in parentheses) across ages, and examples of each reason.  

 

Reason 10 Months 18 Months Difference Examples 

Understanding & 

Translation equivalent 

74.2 (548) 74.7 (926) 0.5 (378) 1. Papa travaille. [Daddy’s working.] Daddy’s working, okay? 

2. La lumière. [The light]. It’s the light.  

   Understanding 73.0 (538) 73.6 (899) 0.6 (361) 1. I wouldn’t eat that. Pas pour manger. [Not to eat] 

2. One more? C’est le dernier. [It’s the last one.] 

   Translation equivalent 7.7 (59) 6.1 (128) -1.6 (69) 1. Hi. Bonjour. [Hello.] 

2. Shark. Requin. [Shark.] 

Borrowing 12.7 (90) 11.4 (100) -1.3 (10) 1. It’s dodo [nap] time. 

2. C'est [That’s] cool. 

   Non-baby words 11.6 (79) 10.4 (77) -1.2 (-2) 1. Is it good? Bon appétit. [Enjoy your meal.] 

2. Hey, if that's all it takes honey, la vie est belle [life is 

beautiful.]  

   Baby words 1.0 (11) 1.0 (23) 0.0 (12) 1. You want the suce [pacifier]? 

2. Ya you have four doudous [blankies]. 

Emphasis 9.4 (71) 6.5 (135) -2.9 (64) 1. A bear! Oui! [Yes!] 

2. Gentle gentle. Comme ça. [Like that.]  

Discipline 6.1 (34) 5.2 (30) -0.9 (-4) 1. Come here. Touche pas. [Don’t touch.] 

2. Hey. Fais pas ça. [Don’t do that.] 

Vocabulary 3.5 (35) 8.3 (122) 4.8 (87) 1. C'est noir. [It’s black.] And that's gold! 

2. Can you say gazon [grass]? 

Attention 3.5 (27) 1.2 (22) -2.3 (-5) 1. Hi. Regarde-moi. [Look at me.] 

2. Here sweetie. Allô. [Hello.] 

No reason 0.4 (4) 0.3 (3) -0.1 (-1) 1. C’est [That is], yeah? 

2. Flyer. P’tites choses. [Little things.] 

Note. A code-switch could be coded as having multiple apparent reasons.
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Figure 3.1: Transcription and coding pipeline describing the number of coders and segments at 

each stage. 
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Figure 3.2: Change in the number of code-switches per hour of infant-directed speech for 

individual families between 10 and 18 months of age (a) per hour of infant-directed speech and 

(b) per 1,000 infant-directed words.  

 

 

Note. The grey points and lines represent individual families, and the red points and line show 

the average change. 
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Figure 3.3: The relationship between parents’ Language Mixing Scale Score and the number of 

code-switches per (a) hour of speech and (b) 1,000 infant-directed words based on data collected 

at 10 and 18 months combined. 
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Figure 3.4: The percentage of code-switches produced at different syntactic locations across ages 

with all families included at each age. 
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Figure 3.5: Percentage and count of parents’ code-switches motivated by apparent reason. 
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Bilingual Children’s Comprehension of Code-

Switching at an Uninformative Adjective 

 

4.1 Introduction 

Bilingual children regularly hear both of their languages within a single conversation and 

even within a single sentence (e.g., C’est un [fr. It’s a] monkey.). This phenomenon is known as 

code-switching. Most bilingual children hear code-switching in their daily lives (Chapter 3), and 

there is some evidence that over time code-switching may impact a child’s vocabulary size (Bail 

et al., 2015; Byers-Heinlein, 2013) and overall language development (Kaushanskaya & Crespo, 

2019). Code-switching can also reduce a child’s comprehension in the moment as they process 

speech (Byers-Heinlein et al., 2017; Morini & Newman, 2019; Potter et al., 2019). To date, 

research on children’s comprehension of code-switching has focused on code-switches at a noun 

(e.g., “Dónde está la [sp. where’s the] ball?”), even though everyday code-switching happens at 

many different parts of speech, such as verbs, prepositions, and adjectives (e.g., “C’est [fr. It is] 

yucky.”; MacSwan, 2012). Here, we extend previous findings with nouns and investigate how 

code-switching at a mid-sentence determiner-adjective pair affects bilingual children’s language 

comprehension. 

A large body of literature has reported that bilingual adults process code-switches more 

slowly than single-language stimuli (for recent reviews see Beatty-Martínez et al., 2018; Valdés 

Kroff et al., 2018; van Hell et al., 2018), but researchers have only recently begun to study how 

young children process code-switches using looking-while-listening procedures. One eye-

tracking study indicated that children process code-switches differently depending on whether 

the switch happens between sentences or within a single sentence. When hearing between-

sentence code-switching (e.g., “That one looks fun! Le chien [fr. the dog]!”), 1.5- to 2-year-old 

children were as accurate at identifying the target object as they were when hearing a single 

language (e.g., “That one looks fun! The dog!”; Byers-Heinlein et al., 2017). However, when 

hearing within-sentence code-switching (e.g., “Look! Find the chien [fr. dog]!”), children were 

less accurate at identifying the target object compared to hearing a single language (e.g., “Look! 

Find the dog!”; Byers-Heinlein et al., 2017; Morini & Newman, 2019). Such studies with young 

4 
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children have focused solely on code-switches at the noun, so they do not address the potential 

impact of code-switching at other parts of speech. This limitation makes it impossible to draw 

generalized conclusions about how code-switching may or may not affect comprehension. 

Children may process code-switching at different parts of speech more readily depending on 

several factors, such as how often children hear code-switching in that location or what 

functional information is contained in the code-switched word(s). Evaluating children’s 

comprehension of code-switching at different parts of speech will allow us to adjudicate between 

two general accounts of what makes code-switching difficult to process, which we describe as 

the frequency account and the functional account. 

4.1.1 Frequency Account 

The frequency account posits that how easily bilinguals process a code-switch depends 

on how frequently that type of code-switched construction occurs in their everyday life (e.g., 

Abutalebi et al., 2007; Guzzardo Tamargo et al., 2016). This account predicts that frequent code-

switched constructions will be more easily processed than infrequent code-switched 

constructions. For example, in one study, Spanish–English bilingual adults more readily 

processed a common code-switch that included an entire compound verb (e.g., “los senadores 

[sp. the senators] have requested the funds”) than an uncommon code-switch that occurred in the 

middle of the compound verb (e.g., “los senadores han [sp. the senators have] requested the 

funds”; Valdés Kroff et al., 2018). Similarly, Welsh–English bilingual adults judged code-

switching at common parts of speech, such as nouns, to be more acceptable than code-switching 

at uncommon parts of speech, such as adjectives (Vaughan-Evans et al., 2020). The frequency 

account could also predict differences in comprehension between bilingual populations if they 

hear different rates of code-switching in their daily lives (Gosselin & Sabourin, 2021; Valdés 

Kroff et al., 2018). 

If frequency is indeed an important factor in how bilingual adults process code-switching, 

its importance could also extend to children’s processing. Under the frequency account, children 

would be expected to understand code-switching at frequently code-switched parts of speech, 

such as nouns, more easily than at infrequently code-switched parts of speech, such as adjectives. 

This account could explain existing findings about children’s processing of code-switching. 

Children hear more between-sentence code-switches than within-sentence code-switches from 

their parents (Bail et al., 2015; Chapter 3), so the frequency account is consistent with the 
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experimental finding that children more easily process between-sentence code-switches 

compared to within-sentence code-switches (Byers-Heinlein et al., 2017; Morini & Newman, 

2019). When children do hear within-sentence code-switching, it often occurs at a noun (Bail et 

al., 2015). Thus, if within-sentence code-switches at a relatively common location for code-

switching (i.e., the noun) disrupt children’s processing, then within-sentence code-switches at an 

uncommon location should be even more disruptive. 

4.1.2 Functional Account 

The functional account proposes that bilinguals process code-switches differently based 

on the functional properties of the code-switched word(s), including grammatical properties. 

While prior research has investigated a variety of functions of code-switching in production – 

such as adding emphasis, signaling community identity, and facilitating understanding (Goodz, 

1989; Heredia & Altarriba, 2001; Nilep, 2006) – comprehension studies have mainly focused on 

the functional dimension of grammatical class. One study of German–Russian bilingual adults 

used event-related potentials (ERPs) to examine the processing of code-switches at open-class 

words (e.g., nouns) versus closed-class words (e.g., prepositions). While code-switches at both 

nouns and prepositions elicited a broad late positivity, only code-switches at prepositions elicited 

a broad early negativity, suggesting that bilinguals process code-switches differently based on 

their grammatical function (Zeller, 2020). Another ERP study compared how bilinguals 

processed code-switching at two types of open-class words: nouns and verbs (Ng et al., 2014). 

When reading a story, Spanish–English bilingual adults processed code-switching at nouns (e.g., 

“the wind and the sol [sp. sun]”) differently than code-switching at verbs (e.g., “they miraron 

[sp. saw] a traveler”) as indicated by larger N400 responses and an early Late Positive 

Component for nouns. The authors proposed that the difference was driven by the effort 

bilinguals put into integrating and remembering the information contained in each code-switch. 

That is, nouns are likely to be referenced several times in a story and need to be held in working 

memory, thus eliciting more cognitive effort compared to verbs that may only be used once. 

Combined, these results highlight that bilinguals may be sensitive to the functional role of the 

code-switched words and process them accordingly. 

Research has yet to investigate how bilingual children process code-switches with diverse 

functional or grammatical roles, but evidence from monolinguals shows that children are 

sensitive to some grammatical classes beginning around 8 months of age (Marino et al., 2020). 
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Moreover, by age 3, children use the meaning of adjectives to predict which noun they refer to 

(e.g., predicting “heavy” is more likely to be followed by “stone” than “butterfly”; Tribushinina 

& Mak, 2016). Additionally, monolingual children as young as 2 years old can recognize, but 

“listen through,” uninformative adjectives to quickly and correctly identify a target noun (Thorpe 

& Fernald, 2006). For example, when shown a picture of a dog and a bunny, children identified 

the target object as quickly when it was preceded by an uninformative adjective (e.g., “Where’s 

the good bunny?”) as when it was not preceded by any adjective (e.g., “Where’s the bunny?”). 

These results show that young children can attend to the most relevant functional information to 

efficiently process speech. 

Following the functional account, code-switching that occurs at a word that is central to 

the meaning of the sentence may be particularly challenging for children to process. In many 

cases, this will be a noun, but in other cases it could be a verb, adjective, or other part of speech. 

This idea is supported by previous research finding that children experience difficulty in 

understanding functionally-important code-switched nouns (Byers-Heinlein et al., 2017; Morini 

& Newman, 2019). In contrast, code-switches at parts of speech that play a limited functional 

role in comprehension may be relatively easy for children to process, and code-switches that are 

uninformative in a comprehension task may not elicit any processing difficulties. However, to 

date, children’s comprehension of code-switches at words with limited functional meaning has 

not yet been investigated; thus, there is a lack of empirical evidence for the functional account 

with children. 

4.1.3 Current Study 

In the current study, we asked if code-switching within a sentence at an uninformative 

determiner-adjective pair (which we will hereafter refer to as an uninformative adjective) affects 

children’s comprehension of a target noun that immediately follows it. This allowed us to 

compare the competing predictions of the frequency and functional accounts. The frequency 

account predicts that children will show disrupted processing of a code-switch at an adjective, 

because it is not a common location for code-switching. This could result in weaker 

comprehension of the following noun, as processing difficulties earlier in the sentence can 

negatively affect how children process the end of the same sentence (Trueswell et al., 1999). In 

contrast, the functional account predicts that children may find it relatively easy to process a 
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code-switch at an uninformative adjective as they do not necessarily have to attend to or 

remember its meaning in the context of the visual scene. 

Children viewed pairs of pictures of animals, such as a duck and a fish, and heard 

sentences such as “Can you find le bon [fr. the good] duck?” or “Can you see el buen [sp. the 

good] duck?” In trials, both animals were equally consistent with the adjective (e.g., both were 

depicted as equally “good”). Participants were 30 3-year-old bilinguals, including both French–

English bilingual children in Montreal (n = 19) and Spanish–English children in New Jersey (n = 

11). We included participants from these two testing locations to increase sample size, as 

bilingual children are a difficult-to-recruit population. This is in line with various sampling 

strategies in the field of early bilingualism which range from testing homogeneous populations 

(e.g., all acquiring English and French) to testing heterogeneous populations (e.g., all acquiring 

English and a variety of other languages; Byers-Heinlein, 2015). Assessing the effects of code-

switching at adjectives was appropriate in our sample, because children of this age can generally 

understand their meaning (Tribushinina & Mak, 2016), and because certain adjectives can occur 

in the same prenominal position across the languages being acquired by our participants (i.e., 

English, French, and Spanish). 

Similar to previous studies on children’s processing of code-switching (Byers-Heinlein et 

al., 2017; Morini & Newman, 2019; Potter et al., 2019), we expected that code-switching at an 

uninformative adjective would hinder children’s comprehension of the target noun compared to 

sentences without code-switching. Specifically, we predicted that children would look less 

towards the target noun after hearing mid-sentence code-switching compared to hearing a 

sentence entirely in one language. Such a result would be consistent with the frequency account. 

In contrast, a finding that children’s performance was unaffected by an uninformative code-

switched adjective would support the functional account. We also explored whether individual 

differences such as language dominance, testing location (as a proxy for language pair), SES, or 

vocabulary size would be related to performance. 

4.2 Methods 

Data collection occurred in two locations: Montreal, Canada and New Jersey, USA. The 

methods were approved by the Concordia University Human Research Ethics Committee 

(“Monolingual and Bilingual Language Development”; approval #10000493) and the Princeton 

University Institutional Review Board (“Language learning and Communication”; approval 
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#7117), and parents provided informed consent prior to their child’s participation. Data were 

collected in Montreal between November 2016 and April 2017 and in New Jersey between 

March 2017 and January 2018. Final data analysis occurred between May 2020 and June 2021, 

during the COVID-19 pandemic. As is common in laboratories testing hard-to-recruit 

populations such as bilingual children, children participated in a second, separate study, either 

immediately prior to or following participation in this study (the order of the two studies was 

counterbalanced). The results of that study are reported in a separate manuscript (Byers-Heinlein, 

Jardak, et al., 2021). All stimuli, data, and analysis scripts for the current study are available via 

the Open Science Framework at https://osf.io/ecqwr/. 

4.2.1 Participants 

A total of 30 3-year-old (M = 3.57, Range = 3.10 – 4.05, 14 females) full-term, healthy 

bilingual children participated in this study. This sample size was sufficiently sensitive to detect 

an effect size of d = 0.46 at 80% power in a paired-samples t-test, meaning there were enough 

participants to detect effect sizes reported in previous related studies (0.56 in Byers-Heinlein et 

al., 2017, 0.60 in Potter et al., 2019). 

Nineteen French–English bilinguals were tested in Montreal, Canada, and 11 Spanish–

English bilinguals were tested in New Jersey, USA. In Montreal, children were recruited from a 

database of families interested in participating in our research, principally identified via 

government birth lists. In New Jersey, children were primarily recruited from nonprofit 

organizations. Another 34 children were tested but not included in the final sample due to not 

meeting the language criteria (n = 15; see details below), fussiness or lack of attention (n = 10), 

technical issues (n = 4), health reasons such as low birth weight or gestation period under 37 

weeks (n = 3), completing an insufficient number of trials (n = 1; see below), or having a 

reported speech delay or disorder (n = 1). Post-hoc data exclusion resulted in the unbalanced 

sample between the two locations. Unfortunately, because this discrepancy did not become clear 

until the time of data analysis, which occurred during the COVID-19 pandemic, we were unable 

to test additional participants to address this difference. 

Children’s language background and proficiency was assessed via a modified version of 

the Language Experience and Proficiency Questionnaire (LEAP-Q; Marian et al., 2007; 

Appendix C). Parents were asked about their child’s experience with the languages they were 

exposed to, and to rate their child’s proficiency in English and French (in Montreal) or in English 

https://osf.io/ecqwr/
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and Spanish (in New Jersey) compared to monolingual children of the same age. Following a 

pre-determined inclusion criterion, children had to receive a comprehension score of at least 7/10 

for both languages to be eligible for the study. For each child, their dominant language was 

established as the language that had the highest comprehension score from the LEAP-Q. Twelve 

children had equal comprehension scores in both languages, so for these children, the language 

in which the child had the higher productive vocabulary score (see below) was considered their 

dominant language. In total, 19 children were dominant in English, 9 were dominant in French, 

and 2 were dominant in Spanish. Twelve children were regularly exposed to both of their 

languages from birth, and 18 children were exposed to their second language later in life, 

between the ages of 2 and 36 months. See Table 4.1 for additional information by testing 

location. 

Children’s productive vocabulary size in English was assessed using the Developmental 

Vocabulary Assessment for Parents (DVAP; Libertus et al., 2015; Appendix D), which consisted 

of a checklist of words known by children aged 2 to 18 years old based on words used in the 

Peabody Picture Vocabulary Test (PPVT; Dunn & Dunn, 2007). We used a parent checklist 

rather than a direct measure to reduce children’s fatigue, as each child participated in two 

experiments, and we wished to assess their vocabulary in both languages. Moreover, the DVAP 

has shown strong convergent validity with children’s performance on the PPVT (𝛽 = .69; 

Libertus et al., 2015). To assess children’s productive vocabulary size in French or Spanish, we 

adapted a checklist similar to the DVAP, based on words used in the adaptation of the PPVT for 

Quebec French (Échelle de Vocabulaire en Images Peabody; Dunn et al., 1993) or Spanish (Test 

de Vocabulario en Imagenes Peabody; Dunn et al., 1986). The words are ordered from easy (e.g., 

“ball,” “dog”) to hard (e.g., “honing,” “angler”), and parents were asked to indicate which words 

their child could say. A parent or other adult that was familiar with the child’s vocabulary in a 

particular language filled out the form for that language. In some cases, the forms for each 

language were completed by different parents who normally interacted with their child in that 

language, while in other cases it was one parent who filled out both forms if they used both 

languages with their child. As expected, the number of words children produced in their 

dominant language (M = 71, SD = 32, Range = 24 – 177) was greater than the number of words 

they produced in their non-dominant language (M = 39, SD = 28, Range = 2 – 131), t(28) = 7.03, 

p < .001, Md=  32.34, 95% CI [22.92,41.77]. When combining the number of words produced in 
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both languages, on average, children produced 110 total words (SD = 55, Range = 31 – 308). 

Children in Montreal (M = 125, SD = 61, range = 39 – 308) produced more words than those in 

New Jersey (M = 87, SD = 33, range = 31 – 138), t(26.73) = -2.16, p = .040, ΔM = -37.76, 95% 

CI [-73.56,-1.95]. 

As a proxy for socioeconomic status (SES), we asked parents to indicate the highest level 

of education they had attained. As the education systems are somewhat different in the United 

States and Canada, to be able to compare responses across our two testing locations, we 

converted these responses to the typical number of years after kindergarten to complete each 

level of education (e.g., completing a bachelor’s degree was equivalent to 16 years of education). 

For families where both parents’ education was provided, the higher level was selected for 

analysis. On average, parents completed 15.20 (SD = 3.89) years of education, which ranged 

widely from 4 to 21 years. Parents in Montreal reported completing more years of education (M 

= 16.58, SD = 2.17, Range = 13 – 21) than parents in New Jersey (M = 12.82, SD = 5.06, Range 

= 4 – 20), t(12.17) = 2.35, p = .037, ΔM = 3.76, 95% CI [0.27,7.25], suggesting that the 

participants in Montreal came from a higher SES background than those in New Jersey. 

4.2.2 Material 

4.2.2.1 Visual Stimuli 

Visual stimuli consisted of 8 pairs of pictures for each language combination (see Table 

4.2 for picture pairs and Figure 4.1 for an example trial). Each picture in a pair had the same 

animacy status (i.e., four pairs of animals used in target trials and four pairs of inanimate pictures 

used in filler trials), so that the two pictures had similar visual salience (see Appendix G). To 

ensure that they would be familiar to our 3-year-old participants, we selected pictures whose 

labels were highly understood by children in American English (Fenson et al., 2007), Quebec 

French (Boudreault et al., 2007), and Spanish (Jackson-Maldonado et al., 2003). The labels of 

the picture pairs did not overlap in word onset, had the same grammatical gender in French or 

Spanish, and are widely used across French and Spanish dialects. Pictures were chosen from free 

online libraries and digitally edited as necessary. 

4.2.2.2 Auditory Stimuli 

Auditory stimuli were recorded by a female, native French–English or Spanish–English 

bilingual with no perceptible accent in either language using infant-directed speech. Each 

auditory stimulus contained a target word labeling one of the pictures on the screen (e.g., “Look! 
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Can you find the good duck?”). The target noun (e.g., “duck”) was preceded by a determiner 

(e.g., “the”) and a prenominal adjective (e.g., “good”). Each stimulus sentence was recorded in a 

single-language version where the determiner and adjective were in the same language as the 

noun, and a code-switched version where the determiner and adjective were in the other 

language (e.g., “Look! Can you find le bon [fr. the good] duck?” or “Look! Can you see el buen 

[sp. the good] duck?”). Note that the target word (e.g., “duck”) was always in the same language 

as the initial carrier phrase (e.g., “Look! Can you find…” for French–English and “Look! Can 

you see…” for Spanish–English). Parallel stimulus sets were created with the carrier sentences in 

each language (e.g., in French, the previous examples became “Regarde! Peux-tu trouver le bon 

canard?” and “Regarde! Peux-tu trouver the good canard?”; in Spanish, the previous examples 

became “¡Mira! Puedes ver el buen pato?” and “¡Mira! Puedes ver the good pato?”). 

For the animate nouns on target trials, there were a total of four English prenominal 

adjectives and their French and Spanish translations; similarly, for inanimate nouns in filler 

trials, there were four prenominal adjectives used (see Table 4.2). These adjectives were chosen 

such that they 1) were not cognates across French and English or Spanish and English, 2) did not 

share phonological overlap with their translation, 3) were not descriptive of one picture more 

than another, and 4) could precede a noun in French or Spanish. Although both French and 

Spanish usually place adjectives in a postnominal position, the adjectives we selected can be 

used prenominally in these grammatical contexts. Each adjective was always used with the same 

picture pair. 

4.2.2.3 Trial Description 

During each trial, the target and distractor pictures appeared on the screen for 6000 ms, 

and one of the stimulus sentences was played labeling the target picture. The onset of the target 

noun occurred exactly 3000 ms into each trial. The determiner–adjective pairs were of somewhat 

different lengths, and so occurred between 311 and 1152 ms before the noun onset. Trials were 

combined into four experimental orders of 24 trials: 8 single-language trials (e.g., “Look! Can 

you find the good duck?”), 8 code-switched trials (e.g., “Look! Can you find le bon [fr. the good] 

duck?”), and 8 additional single-language filler trials. Filler trials were not analyzed and were 

mainly used to lower the overall number of trials with code-switching. Target trials (i.e., single-

language and code-switched trials) and filler trials were intermixed throughout the study. The 

language of the carrier phrase was consistent for each child (i.e., always in English, French, or 
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Spanish), but counterbalanced across children at the time of testing. In total, 15 children were 

tested with carrier phrases in their dominant language (10 French–English and 5 Spanish–

English), and 15 children were tested with carrier phrases in their non-dominant language (9 

French–English and 6 Spanish–English). 

4.2.3 Procedure 

In addition to signing a consent form (Appendix B), parents completed questionnaires on 

their child’s language comprehension (LEAP-Q; Appendix C) and vocabulary (DVAP; 

Appendix D), on their own language mixing (Byers-Heinlein, 2013; Appendix E), and on basic 

demographic information (Appendix F). During the study, parents listened to music with 

headphones, wore darkened glasses, and were instructed not to interfere with the study or 

provide their child with any instruction. Testing occurred in a darkened room while children sat 

on their parent’s lap. 

Due to differences in lab equipment, the same apparatus was not available at both testing 

sites. In Montreal, the study was conducted in the lab on a 24-inch Tobii T60XL corneal 

reflection eye-tracking system using a 5-point calibration, with auditory stimuli played over 

speakers. In New Jersey, the study was conducted either in the lab (7 children) or at a local 

community center (4 children), depending on which location was easier for participants to 

access. In the lab, the study was run on a 55" TV monitor while the auditory stimuli were played 

over speakers. At the community center, children completed the study on a 13" laptop while 

listening to the stimuli over noise-canceling headphones. In both New Jersey setups, a video 

camera below the screen recorded children’s eye movements at a rate of 30 frames per second 

for later offline coding by trained research assistants. 

Before each trial began, a colorful attention-getter was presented to draw the child’s 

attention to the screen. Once the child was looking at the screen, the trial began. An experimenter 

monitored the status of the study via video camera and controlled the experiment from a 

computer in another room (Montreal) or within the same room (New Jersey). The total duration 

of the study was approximately 4 minutes. 

4.2.4 Coding 

In Montreal, the eye-tracking system collected data on the location of children’s eye-gaze 

and their pupil size at a rate of 60Hz. We defined areas of interest corresponding to a rectangle of 

2 cm around each picture presented on the screen. In New Jersey, a trained research assistant 
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manually coded videos with frames at 33-ms intervals for whether the child was looking at the 

left or right object on the screen, shifting between objects, or inattentive. A second research 

assistant coded 18% of videos; on the frames surrounding eye movements, inter-coder reliability 

was 97%. Research suggests that automatic eye-tracking and manual gaze coding, although 

potentially different in their amount of data loss, capture largely similar information (Venker et 

al., 2020). We did not observe a difference in data loss between the two coding methods. An 

average of 15.88% (SD = 9.31) of eye-tracking data and 15.59% (SD = 8.16) of manually coded 

data was lost for each participant, t(23.37) = 0.09, p = .929, ΔM = 0.00, 95% CI [-0.06,0.07]. 

Additionally, previous research has combined data across these methods to create a single 

bilingual sample (Byers-Heinlein, Jardak, et al., 2021), further supporting this approach. 

4.3 Results 

Data for each trial were analyzed between 400 and 2000 ms after the onset of the target 

noun. While standard approaches typically begin analysis at 367 ms after onset of the target noun 

(Swingley, 2012), we opted to start our analysis window slightly later in order to create 

consistent 100-ms time bins to use in a growth curve analysis (see below). Trials where the child 

was inattentive (i.e., looked at the pictures for less than 750 ms during this window) were 

excluded from the analyses. Children who did not successfully complete at least 2 single-

language and 2 code-switched trials were also removed from the analyses. Out of 8 possible 

trials of each type, children retained for analysis completed an average of 6.87 single-language 

trials (Range = 3 – 8) and 6.63 code-switched trials (Range = 4 – 8). To determine if children 

demonstrated successful comprehension of the target words, we examined the proportion of time 

that they looked towards the target picture on each trial. This was calculated by dividing the 

looking time to the target picture by the total time spent looking at either picture. 

First, we investigated whether children showed comprehension of the noun on each trial 

type. One-sample, two-sided t-tests revealed that children looked significantly above chance (𝜇0 

= 0.5) to the target picture on both single-language trials, t(29) = 11.42, p < .001, M = 0.74, 95% 

CI [0.70,0.78], and code-switched trials, t(29) = 12.03, p < .001, M = 0.78, 95% CI [0.73,0.82], 

indicating a robust ability to understand the target noun in both trial types (see Figure 4.2). 

We then compared looking time during the two trial types using a paired-samples t-test. 

The effect of trial type was not statistically significant, t(29) = 1.49, p = .148, Md = 0.04, 95% CI 

[-0.01,0.09], suggesting that children’s comprehension of the noun did not differ between single-
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language and code-switched trials. Contrary to our prediction that children’s comprehension of 

the target noun would be impaired by the code-switching that preceded it, this result indicated 

that they were potentially unaffected by the code-switched adjective. 

4.3.1 Growth Curve Analysis 

The previous analyses, which are typical in this area of research, collapsed infants’ data 

across the entire time window and averaged across trial types to yield two data points per child. 

However, it has long been recognized in the field that time course data can offer revealing 

information about children’s performance (e.g., Fernald, Swingley, et al., 2001). Analytic 

techniques such as growth curve analysis (Mirman, 2017) offer an approach to quantify 

differences in time course, and further allow analysis of trial-level data, thus increasing statistical 

power. We plotted the time course of our data and then conducted an exploratory growth curve 

analysis, using the same time window of 400 – 2000 ms. Looking-time data were binned in 100-

ms blocks. 

Models were built through an iterative process. We started with a baseline model with 

only linear and quadratic time terms and by-participant random effects on both time terms. We 

then added one additional individual difference variable to the model and compared the two 

nested models with an analysis of variance. Only variables that significantly improved model fit 

were retained. Intermediary models are available in Appendix H. The categorical variables of 

trial type, testing location, and language dominance were coded using a simple contrast coding 

scheme. SES and vocabulary size were continuous. We estimated parameter estimate degrees of 

freedom and p-values using Satterthwaite’s method. 

To address our main research question of the effect of code-switching on children’s 

comprehension, our first exploratory model added trial type to the baseline model described 

above. We then conducted additional exploratory growth curve models building from this model 

looking at the potential individual effects of language dominance, testing location, SES, and 

vocabulary size. 

4.3.1.1 Trial type 

In the growth curve model investigating the effect of trial type, the fixed effects of the 

final model included trial type, and linear and quadratic time terms. There was a statistically 

significant main effect of trial type, indicating that, opposite to our prediction, children were 

more accurate at gazing toward the target picture when hearing code-switched trials compared to 
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single-language trials, t(6,100.82) = -3.43, p = .001, �̂� = -0.03, 95% CI [-0.05,-0.01] (see Table 

4.3 for full results). This result differs from that of the paired-samples t-test, which did not find a 

statistically significant difference in children’s looking between the two trial types.  

4.3.1.2 Individual Differences 

As previous studies have found some evidence of individual differences in bilingual 

children’s ability to process code-switching (Byers-Heinlein, Jardak, et al., 2021; Potter et al., 

2019), we next investigated how such differences may have affected children’s performance on 

this task. Prior to conducting these individual differences analyses, we first quantified the 

consistency of children’s performance, by estimating the reliability of the looking time to each 

trial type using an intraclass correlation coefficient (ICC), based on a mean-rating, consistent, 2-

way random-effects model (Byers-Heinlein, Bergmann, et al., 2021). The estimated consistency 

was 0.19, 95% CI = [–0.24, 0.51] for single-language trials and 0.39, 95% CI = [0.07, 0.64] for 

code-switched trials. The magnitude of these ICCs was higher than in many other infant studies 

(Byers-Heinlein, Bergmann, et al., 2021), supporting a cautious investigation of individual 

differences. However, these ICCs could be considered moderate to low on an absolute scale thus 

reducing statistical power for detecting correlations with other measures of individual 

differences. 

We investigated four individual difference variables: language dominance, testing 

location (which was also a proxy for language pair), SES, and vocabulary size. We note that the 

last three variables were interrelated in our dataset: children from Montreal generally came from 

higher SES backgrounds, t(12.17) = 2.35, p = .037, ΔM = 3.76, 95% CI [0.27,7.25], and had a 

larger vocabulary, t(26.73) = -2.16, p = .040, ΔM = -37.76, 95% CI [-73.56,-1.95], than children 

from New Jersey. Given our sample size, it was not possible to statistically disentangle these 

factors. Thus, our approach was to create separate models for each variable to gain some insight 

into which factor might have the largest explanatory power. We did so by adding each variable 

to the previous model including trial type as a main effect and in an interaction with trial type. 

Here, we focus on the specific effect of these terms. Full results of these models are reported in 

Appendix H. 

In each model, there was a statistically significant main effect of trial type, indicating 

that, opposite to our prediction, children were more accurate at gazing towards the target picture 

when hearing code-switched trials compared to single-language trials, whether controlling for 
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language dominance, t(6,101.58) = -3.39, p = .001, �̂� = -0.03, 95% CI [-0.05,-0.01], testing 

location, t(6,103.15) = -4.67, p < .001, �̂� = -0.05, 95% CI [-0.07,-0.03], SES, t(6,106.01) = -4.75, 

p < .001, �̂� = -0.20, 95% CI [-0.28,-0.12], or vocabulary, t(5,899.58) = -2.10, p = .035, �̂� = -0.05, 

95% CI [-0.10,0.00]. 

We then examined the main effect of each individual difference variable and its 

interaction with trial type (see Figure 4.3), and an interesting pattern of results emerged. For 

language dominance, there was no statistically significant main effect, t(29.44) = -1.36,  p =.183, 

�̂� = -0.05, 95% CI [-0.11,0.02], or interaction with trial type, t(6,101.58) = 0.35, p = .727, �̂� = 

0.01, 95% CI [-0.03,0.05], suggesting that children tested in their dominant language and 

children tested in their non-dominant language performed similarly across trial types. Effects of 

testing location, SES, and vocabulary showed similar patterns across models. Analyses of testing 

location revealed that children from Montreal performed similarly on both trial types, whereas 

children from New Jersey performed better on code-switched than single-language trials 

t(6,103.14) = -4.16, p < .001, �̂� = -0.09, 95% CI [-0.13,-0.05]. To follow up on the Montreal 

results, we conducted the pupillometry analyses reported in Appendix H, which support the main 

finding that children did not process code-switched and single-language trials differently (these 

analyses could not be carried out for New Jersey participants, as their data were hand coded from 

a video recording rather than collected via an eye-tracker). SES analyses showed that children 

from higher-SES backgrounds performed similarly across trial types whereas children from 

lower-SES backgrounds performed better on code-switched than single-language trials, 

t(6,103.72) = 4.04, p < .001, �̂� = 0.01, 95% CI [0.01,0.02]. Finally, children with larger 

vocabularies performed better across trial types (i.e., looked more to the labeled target in 

general) than children with smaller vocabularies, t(28.38) = 2.42, p = .022, �̂� = 0.0007, 95% CI 

[0.0001,0.0013], but the effect of vocabulary size did not differ significantly as a function of trial 

type, t(5,896.30) = 0.85, p = .396, �̂� = 0.0002, 95% CI [-0.0002,0.0005]. 

These results indicate that individual differences in performance across the two trial types 

were statistically related to testing location and SES, but not to language dominance or 

vocabulary size. Spanish-English bilingual children from New Jersey, particularly those whose 

parents had received a high school education or less (i.e., 12 years or fewer; see Figure 4.3), 

performed better on code-switched trials compared to single-language trials, whereas French-
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English bilingual children and those whose parents had more educated performed similarly on 

the two trial types. Together, the findings show the importance of examining individual 

differences between participants and samples, as bilingual children’s comprehension of these 

code-switched sentences was not uniform. 

4.4 Discussion 

This study compared bilingual children’s comprehension of sentences with code-

switching at an uninformative determiner-adjective pair (e.g., “Can you find le bon [fr. the good] 

duck?”) to their comprehension of single-language sentences (e.g., “Can you find the good 

duck?”). We tested 3-year-old bilingual children, including French–English bilinguals in 

Montreal and Spanish–English bilinguals in New Jersey. We found that bilinguals were, on 

average, successful at identifying the target noun in both types of sentences, and we did not see 

evidence that code-switching at an uninformative adjective caused any difficulties in sentence 

processing. Language dominance did not affect performance, likely because the target noun was 

always presented in a consistent language, and the switch occurred at the preceding adjective. 

This finding contrasts with prior reports of dominance effects in studies of children’s processing 

of code-switches (Potter et al., 2019). Surprisingly, we found some evidence that, for certain 

children, code-switched sentences may have facilitated comprehension relative to single-

language sentences.  

Our experimental design allowed us to test two sets of competing theoretical predictions. 

Under the frequency account of code-switch processing, the infrequent nature of code-switching 

at determiner-adjective pairs should have hindered children’s comprehension, perhaps even more 

so than code-switching at nouns (Byers-Heinlein et al., 2017; Morini & Newman, 2019; Potter et 

al., 2019). In contrast, under the functional account, children may have been able to seamlessly 

process code-switching at an uninformative adjective, because they did not need to integrate the 

meaning of the adjective to identify the target noun. Our results generally support the functional 

account as children were able to understand the code-switch sentences as well as the single-

language sentences. Below, we further discuss why young children’s processing was not 

disrupted by code-switching at uninformative adjectives. Then, we turn to addressing the 

observed individual differences between participants and communities. 

A key aspect of our experimental design was that the determiner-adjective pair in our 

sentences was uninformative. Children heard sentences with mid-sentence code-switching, as in 
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“Can you find le bon [fr. the good] duck?” Critically, the adjective “bon” [fr. good] did not add 

relevant information for identifying the target object, as there was only one duck on the screen. 

Children typically process the meaning of adjective–noun phrases incrementally (Fernald et al., 

2010; Tribushinina & Mak, 2016), but they can “listen through” the adjective to quickly identify 

the target object when a prenominal adjective is uninformative and does not disambiguate two 

objects (Thorpe & Fernald, 2006). Following the functional account, code-switching may not be 

disruptive when the information it carries does not need to be retrieved or integrated into 

processing. Children may not have experienced a code-switching cost in the current study 

because they did not need to process the meaning of the code-switched adjective to identify the 

target and were therefore able to ignore it. 

Similarly, if code-switching is related to prediction processes during language 

comprehension (e.g., Yacovone et al., 2021), the unexpected code-switch at the adjective might 

have led to a brief processing slowdown combined with a simultaneous increase in attention 

(Reuter et al., 2019), effectively canceling each other out in the context of an uninformative 

adjective. Thus, derailment in children’s processing of code-switches may be limited to 

functionally important words or phrases that require them to integrate the information contained 

in the switch.  

To further test this possibility, future studies could compare performance on trials like 

those in the current study and trials with an informative adjective (e.g., by showing a picture of a 

big and small duck and examining children’s real-time interpretation of the sentence “Do you see 

le petit [fr. the little] duck?”). Under the functional account, sentences with an informative 

adjective would presumably result in a code-switching cost, because children would no longer be 

able to “listen through” the code-switched adjective and would potentially need to engage their 

other language more fully. 

While “listening through” could explain why we did not observe a code-switching cost in 

this study, it does not explain the observed individual differences in children’s performance on 

code-switched and single-language sentences. Our analyses revealed that testing location and 

SES accounted for significant individual variation in performance across the single-language and 

code-switched trials, but language dominance and vocabulary size did not. Specifically, children 

from higher-SES backgrounds performed similarly across trial types; children from lower-SES 

backgrounds, particularly whose parents received a high school education or less, performed 



84 

 

better on code-switched trials than single-language trials, and were all Spanish–English 

bilinguals in New Jersey. 

In our sample, testing location (a proxy for language pair), SES, and vocabulary size 

were tightly related: French–English children from Montreal had higher vocabularies and were 

from higher SES backgrounds on average than Spanish–English children from New Jersey. 

Because of the correlational nature of this finding and the interrelatedness of these variables, it is 

not possible to pinpoint the factors driving the individual differences we observed. However, 

previous studies have reported similar patterns of individual differences in infants from these 

same communities; one study suggested that Spanish–English children may have slightly weaker 

skills in real-time language tasks than French–English children (Byers-Heinlein, Jardak, et al., 

2021). Following the functional account, if some children were slower to switch between 

processing their two languages, or if they were less aware of its meaning, it is possible that they 

were able to “listen through” the uninformative adjective more easily (or under a prediction-

based framework, encountered little to no prediction error). However, note that under this 

explanation, we would have expected vocabulary size to predict performance, which it did not. 

Rather, SES was a predictor of performance, a variable which has previously been related to 

children’s language development (Fernald et al., 2013; Pace et al., 2017; Pungello et al., 2009). 

We tentatively suggest that experiential factors related to SES might be driving the observed 

community differences. 

There are also other potentially relevant differences between children that we were not 

able to directly observe that may have affected infants’ performance on our task. For example, 

different infants have different experiences with code-switching (Bail et al., 2015; Chapter 3), 

which could in turn impact their comprehension of code-switching. The frequency account 

predicts that bilinguals with frequent exposure to code-switching should experience less 

disruption in processing compared to bilinguals without frequent exposure to code-switching 

(Gosselin & Sabourin, 2021; Valdés Kroff et al., 2018). In the context of the current study, 

experience with code-switching may have been able to build on top of children’s ability to 

“listen through” the uninformative adjective. It is also possible that production of code-switching 

varies by SES within the two communities we studied, although this has not yet been examined 

directly. We speculate that Spanish-English bilinguals in New Jersey, particularly those from 

lower-SES backgrounds, may have been more accustomed to hearing code-switching than our 
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other participants, resulting in the potential boost in real-time sentence interpretation – at least in 

the context of sentences with mid-sentence code-switches at uninformative locations. To address 

this question, additional research is needed to directly investigate the relationship between the 

amount and type of code-switching that bilingual children hear and how they process incoming 

speech input in two languages. 

4.5 Conclusion 

Code-switching is common in bilingual speech, making it important to understand its 

effect on children’s language comprehension and language learning. Past research has generally 

found that code-switching leads to processing costs, but in the current study, bilingual children 

did not show this processing cost. They showed similar (and in some cases, better) processing of 

sentences with a code-switch at an uninformative adjective phrase, relative to single-language 

sentences. These findings demonstrate that linguistic features such as informativeness and 

location may impact how bilingual children process code-switching in natural settings. 
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Table 4.1: Demographics of participants at each testing location. 

Testing 

Location 

Total 

n 

Mean age in 

years 

(Range) 

English 

dominant 

(n) 

L2 exposure 

from birth 

(n) 

Later L2 

exposure 

(age range in 

months) 

Dominant 

Language 

Vocabulary 

(SD) 

Non-Dominant 

Language 

Vocabulary (SD) 

Parental 

education 

(SD) 

Montreal 19 3.47  

(3.1 – 3.99) 

10 8 6 – 18 76.83 (33.91) 47.83 (30.19) 16.58 (2.17) 

New Jersey 11 3.75 

(3.19 – 4.05) 

9 4 2 – 36 62.36 (26.22) 24.55 (18.34) 12.82 (5.06) 

Note. English dominant (n) lists the number of children at each testing location who were dominant in English; the remainder of 

children were dominant in either French if tested in Montreal or Spanish if tested in New Jersey. Later L2 exposure (age range in 

months) only considers participants who were not exposed to both languages from birth.



87 

 

Table 4.2: Adjective–noun pairs used for French–English and Spanish–English participants. 

English French 

Look! Can you find … ? Regarde! Peux-tu trouver … ? 

Adjective Noun pair Adjective Noun pair 

Target trials 

the good duck – fish le bon canard – poisson 

the little monkey – sheep le petit singe – mouton 

the nice dog – bunny le gentil chien – lapin 

the pretty cow – froggy la jolie vache – grenouille 

Filler trials 

a large ear – spoon une grosse oreille – cuillère 

a new apple – toothbrush une nouvelle pomme – brosse à dents 

a big door – hand une grande porte – main 

an old coat – pencil un ancien manteau – crayon 
    

English Spanish 

Look! Can you see … ? ¡Mira! ¿Puedes ver … ? 

Adjective Noun pair Adjective Noun pair 

Target trials 

the good bear – duck el buen oso – pato 

the little butterfly – sheep la pequeña mariposa – oveja 

the big bunny – dog el gran conejo – perro 

the pretty cow – froggy la hermosa vaca – rana 

Filler trials 

a beautiful ear – spoon una linda oreja – cuchara 

a new apple – toothbrush una nueva manzana – cepillo de dientes 

a nice door – hand una preciosa puerta – mano 

an old coat – pencil un viejo chamarra – lápiz 

Note. The noun pairs labelled the two pictures shown on screen at the same time. Each noun was 

used as a target in different trials. In single-language trials, the adjective and noun were in the 

same language. In code-switched trials, the adjective and the noun were in different languages. 
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Table 4.3: Growth curve analysis including trial type. 

 Estimate 95% CI t df  p 

Fixed effects      

   Intercept 0.76 [0.72, 0.79] 43.05 29.42 < .001 

   Time (Linear) 0.29 [0.14, 0.43] 3.86 29.46 .001 

   Time (Quadratic) -0.27 [-0.32, -0.23] -12.36 29.09 < .001 

   Trial type -0.03 [-0.05, -0.01] -3.43 6,100.82 .001 

Random effects  Variance    

   Participant Intercept 0.008    

 Time (Linear) 0.154    

 Time (Quadratic) 0.002    

Note. Equation = proportion looking time ~ [time (linear) + time (quadratic)] + trial type + 

([time (linear) + time (quadratic)] || participant)  
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Figure 4.1: Example and timeline of experimental trial. 
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Figure 4.2: Proportion looking to target picture by trial type for all children. 

 

Note. The larger red dots and line represent the grand mean. Smaller gray dots and their 

connecting lines represent the mean values for individual participants. 
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Figure 4.3: Proportion looking to target picture throughout the analysis window. 

 

Note. Dots represent means averaged over participants, bars represent ± 1 SEM, and lines 

represent the growth curve analysis model. SES and vocabulary were included in the model as a 

continuous variable but have been split into categories for the purposes of visualization. Note 

that one participant did not have a vocabulary score and was thus excluded from that model. 
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General 

Discussion 

 

This dissertation had two main objectives. The first objective was to evaluate current 

approaches to defining and modeling bilingualism. The second objective was to examine the 

code-switching in bilingual children’s environment and its impact on their language 

comprehension. Both objectives fit within the overall theme of the dissertation of better 

understanding bilingualism, particularly within a developmental context. 

Addressing the first objective, Chapter 2 reviewed the two main current practices used in 

the field which model bilingualism as either a categorical or continuous variable. I identified two 

psychometric models that could be used to integrate both categorical and continuous information 

into a single model of bilingualism: the factor mixture model and the grade-of-membership 

model. Both models offer the nuance of a continuous model while simultaneously allowing 

researchers to identify separate groups of bilinguals. Using these models allows researchers to 

analyze their data using a categorical, continuous, or combined approach depending on the 

specifications of the model and their research question. The widespread use of these models 

could allow findings to be more easily synthesized across studies. Nonetheless, Chapter 2 

cautions against a single model of bilingualism being expected across the entire field, as different 

models may be more appropriate for different populations or research questions.  

Addressing the second objective, Chapters 3 and 4 focused on better understanding code-

switching in bilingual children’s environment and how it may affect their language processing 

and comprehension. Chapter 3 evaluated the code-switching that bilingual infants hear in their 

daily lives from their parents. Analyzing daylong home audio recordings from French–English 

families in Montreal revealed that the frequency of code-switching varied between families and 

generally increased across the infant’s development. The majority of the code-switches that 

parents produced occurred intersententially (e.g., “Come on. C’est fini. [fr. It’s done.]”), as 

opposed to intrasententially (e.g., “Est-ce qu’on va aller manger [fr. Are we going to eat] banana 

pancake?”). Additionally, parents appeared to code-switch most often to bolster their infant’s 

understanding and to teach more new words as their infant’s vocabulary grew. Chapter 4 

5 
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investigated how 3-year-old bilingual children process and understand code-switching across two 

testing sites. Bilingual children did not display any difficulties in processing or understanding 

sentences with a code-switch at an uninformative determiner-adjective pair (e.g., “Can you find 

le bon [fr. the good] duck?) compared to single-language sentences without a code-switch (e.g., 

“Can you find the good duck?”). Surprisingly, some children appeared to process code-switched 

sentences better than single-language sentences. Exploratory analyses suggested that individual 

differences, such as SES and language pair, could explain these unexpected results. 

Below I examine the main contributions that this work offers to the field of bilingualism, 

focusing on the role of code-switching in children’s language development and the 

methodological advancements made in this dissertation. I further explore the broader 

implications of the main findings, including the importance of incorporating naturally produced 

code-switching and individual differences in study designs and the consequences of code-

switching on young bilinguals’ language separation. Finally, I discuss limitations and ideas for 

future research that build off the findings of this dissertation. 

5.1 Main Contributions 

This dissertation makes two main sets of contributions to the fields of bilingualism and 

language development. The first set of contributions regards an increased understanding of the 

role of code-switching in bilinguals’ language development. The findings from Chapter 3 

suggest that parents’ code-switching may adapt to and support their child’s bilingual language 

development; the findings from Chapter 4 suggest that how children process code-switching may 

be related to the functional role of the code-switch and the frequency children hear code-

switching. The second set of contributions is in the form of two methodological advances that 

allow bilingualism and language development to be studied in a richer and more nuanced way. 

Chapter 3 developed a new protocol to analyze naturally produced code-switching, and Chapter 

2 proposed the use of psychometric models that allow researchers to simultaneously analyze 

bilingual data categorically and continuously. 

5.1.1 Role of Code-Switching 

This dissertation investigated bilingual language development through the lens of code-

switching, a distinctive property of bilingual speech. Chapter 3 was uniquely able to look at how 

parents’ naturally produced code-switching changes across their infant’s development. Parents’ 

code-switching appeared to change in response to their infant’s development, particularly around 



94 

 

the milestone of the infant’s first words. Bilingual parents altering their code-switching is in line 

with previous findings that monolingual parents modify properties of their speech, such as pitch 

(Kitamura & Burnham, 2003; Kitamura & Lam, 2009; Stern et al., 1983), vowel articulation 

(Lam & Kitamura, 2012), and syntactic complexity (Elmlinger et al., 2019), to support their 

child’s language development. Moreover, this finding demonstrates that parents’ code-switching 

is a dynamic property of their speech and should thus be studied developmentally. One way that 

parents’ code-switching may change as their child’s language skills improve is the frequency of 

their code-switching. I found that parents code-switched more, particularly intersententially, 

when their infant was 18 months old than when they were 10 months old. Another way parents’ 

code-switching seems to change is through the apparent reasons that motivate their code-

switching. Previous research has reported many different reasons why parents code-switch but 

did not investigate how often parents’ code-switching is motivated by these different reasons 

(Byers-Heinlein, 2013; Goodz, 1989). I found that parents code-switched most frequently to 

support their child’s understanding and that they code-switched more to teach vocabulary after 

the age at which children typically say their first words. These results suggest that as children’s 

language skills develop, code-switching could be another feature of parents’ speech that they 

adapt to provide more learning opportunities and support their child’s bilingual language 

development.  

Chapter 4 looked at how young bilinguals process the code-switching that they hear and 

was the first study to investigate children’s processing of code-switches that occurred at a 

syntactic location other than the target noun. By presenting a code-switch at a prenominal, 

uninformative determiner-adjective pair, I was able to evaluate two accounts of code-switching 

processing: the frequency account (Gosselin & Sabourin, 2021; Valdés Kroff et al., 2018; 

Vaughan-Evans et al., 2020) and the functional account (Ng et al., 2014; Zeller, 2020). The 

results generally support the functional account, which hypothesizes that the role that a code-

switch plays and the information it carries affects how it is processed. Children were not affected 

by the code-switching and appeared to be able to “listen through” the uninformative adjective 

(Thorpe & Fernald, 2006). However, the results from exploratory analyses also appear to support 

the frequency account, which hypothesizes that bilinguals who hear code-switching frequently in 

their input are better at processing code-switching than those who hear code-switching 

infrequently. Spanish–English children, who may have heard more code-switching than the 
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French–English children, performed better when hearing code-switched than single-language 

trials. Overall, these findings suggest that not all code-switching is difficult for children to 

understand, contrary to previous hypotheses (Byers-Heinlein et al., 2017; Morini & Newman, 

2019; Potter et al., 2019), and that children’s comprehension of code-switching could be 

influenced by a combination of properties of the code-switch itself and individual differences 

between children.  

5.1.2 Methodological Advancements 

This dissertation also proposed two new methodologies to investigate and incorporate 

more variation in bilinguals’ experiences into study designs, which will ultimately enrich the 

understanding of bilingualism. First, Chapter 3 provides a new protocol to analyze naturally 

produced code-switching to understand both its frequency and properties. This method, which 

relies on audio recordings, can reveal the code-switching that young bilinguals hear in their daily 

lives. Additionally, this method has several advantages relative to previous methods, which have 

included questionnaires (Byers-Heinlein, 2013), diaries (Place & Hoff, 2016), and laboratory 

studies (Bail et al., 2015).  Most centrally, the method I developed does not rely on parents’ 

accurate self-assessment, and thus it reduces the chances that parents may alter their code-

switching based on their perceived expectations of the environment (Dewaele, 2010; Dewaele & 

Li, 2014; Ritchie & Bhatia, 2012). This is an important advancement in the field of bilingual 

language development, because it allows researchers to gain a deeper understanding of the 

language input that young bilinguals hear in their daily lives. As I argued in Chapter 1, children’s 

language input is a crucial component in their language development. Thus, the protocol 

developed for Chapter 3 can help to better understand young bilinguals’ input and ultimately 

advance the understanding of the process of bilingual language development. 

Second, Chapter 2 is the first to suggest that bilingualism researchers move away from 

relying solely on categorical or continuous models of bilingualism and instead approach 

modeling bilingualism through a combined approach. This approach has provided new insights 

into various fields, including psychological disorders (Clark et al., 2013; Hallquist & Wright, 

2014), voting patterns across political parties (Gormley & Murphy, 2009), and sport psychology 

(Brown et al., 2017). If applied to research on bilingualism, using either the factor mixture model 

or the grade-of-membership model could greatly deepen our understanding across the spectrum 

of bilinguals’ experiences. Similar to calls for standardization in the field (e.g., De Cat et al., 
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2021; Marian & Hayakawa, 2021), if these models are adopted widely in the field, and the same 

model is used across multiple studies, it will allow for easy comparison and consolidation of 

results. The adoption of these models would lead to a richer understanding of bilingualism and 

the many different forms that it can take. 

5.2 Broader Implications 

Combined, this work has at least three broader implications for the field of bilingual 

language development. First, it highlights the need for additional work examining the role of 

naturally produced code-switching in bilinguals’ language development. Second, it emphasizes 

how researchers should account for more individual differences to better capture the diversity of 

bilinguals’ experiences and to better understand how these differences impact language 

development. Lastly, it points to how code-switching offers a unique lens through which to study 

language development. In particular, I will discuss how studying code-switching reveals the 

process of language separation and how it might play a unique role in this process. 

5.2.1 Incorporating Naturally Produced Code-Switching  

Code-switching is a part of bilingual children’s daily lives, and the work presented in this 

dissertation reveals the importance of studying the impact of naturally produced code-switching 

on bilingual language development. This work is in line with broader trends in the field of 

language development, where researchers are increasingly using audio recording methods to 

collect naturalistic language input data from larger samples of children (e.g., Räsänen et al., 

2021; Soderstrom et al., 2021; Warlaumont et al., 2017), building on a rich history of case-

studies (MacWhinney, 2014; Yip et al., 2018). The coding protocol developed in Chapter 3 could 

help researchers identify patterns in the code-switching that young bilinguals hear in their 

language input, particularly in different bilingual populations. Once it is understood what code-

switching young bilinguals hear, researchers can then turn to focusing on how this code-

switching affects their language development. Two particularly relevant elements of language 

development to investigate in relation to naturally produced code-switching are vocabulary 

development (Bail et al., 2015; Byers-Heinlein, 2013; Carbajal & Peperkamp, 2020; Place & 

Hoff, 2016) and language comprehension (Byers-Heinlein et al., 2017; Morini & Newman, 2019; 

Potter et al., 2019). 

The findings from Chapter 3 suggest that parents’ naturally produced code-switching 

may support their child’s vocabulary development. This hypothesis contrasts with previous 
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results, which found either a negative or no relationship between parents’ code-switching and 

their child’s vocabulary size, and likely stem from the different methods used to measure 

parents’ code-switching (Bail et al., 2015; Byers-Heinlein, 2013). Chapter 3 measured the 

frequency and apparent reasons behind parents’ code-switching in their natural, daily home 

environment, eliminating parents’ self-evaluation or potential changes in their behavior when 

under direct observation in the lab. Bilinguals adapt their use of code-switching to their 

environment (Dewaele, 2010; Dewaele & Li, 2014; Ritchie & Bhatia, 2012), and parents may 

change the way they interact with their child in a laboratory setting (Bornstein et al., 2006; 

Leyendecker et al., 1997; Stevenson et al., 1986). Thus, at-home recordings likely provide a 

more accurate assessment of young bilinguals’ daily language environment than laboratory-

based observation. Using at-home recordings in Chapter 3 also provided the opportunity to 

determine why a parent may have produced a particular code-switch. Because parents were 

found to code-switch frequently to support their child’s understanding and to teach new words, 

parents’ code-switching may bolster their child’s vocabulary in each of their languages. This 

hypothesis was not directly evaluated in this dissertation, so future research comparing parents’ 

naturally produced code-switching and the child’s vocabulary size is needed to examine these 

relationships. Such research would offer a unique perspective on bilinguals’ language 

development, as it would be evaluating the effect of the daily language input that young 

bilinguals receive. 

The results of Chapter 4 suggest that not all code-switching is difficult for children to 

understand, which is consistent with recent findings that bilingual adults do not experience 

processing difficulties when code-switching is evaluated in more naturalistic contexts (Blanco-

Elorrieta & Pylkkänen, 2018). In laboratory studies, conditions are understandably highly 

controlled to isolate the variable of interest. This level of control can lead researchers to present 

stimuli that may not be representative of the code-switching that bilinguals encounter in their 

daily lives. The stimuli may contain code-switches with unnatural syntactic structures or a lack 

of contextual cues. Thus, toddlers’ code-switching difficulties seen in previous laboratory studies 

(Byers-Heinlein et al., 2017; Morini & Newman, 2019; Potter et al., 2019) may not be present 

when children process code-switching in their daily lives. Although the code-switch presented in 

Chapter 4 may have been infrequent in the bilinguals’ input, the results still suggest that 

presenting code-switches at different syntactic locations can lead to different results. Future 
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research could first determine what types of code-switching children hear in their daily lives and 

then compare how children process code-switches that are frequent versus infrequent in their 

environment.  

By first investigating the code-switching that young bilinguals hear in their daily lives 

and then using this information to examine how they process different types of code-switches, 

researchers will gain a better understanding of the role that code-switching plays in bilinguals’ 

language development. This line of work would also benefit from accounting for variation 

between bilinguals’ experiences with code-switching, as these individual differences may 

influence language development. 

5.2.2 Incorporating Individual Differences 

The idea that bilingualism is not a monolithic experience is not new (e.g., de Bruin, 

2019), and each of the chapters in this dissertation have discussed individual differences in 

bilinguals’ experiences and abilities. Chapter 2 described why it is important to account for 

individual differences and proposed the integration of new models that allow for such variation 

in approaches to bilingualism. Chapter 3 found that families code-switched at different rates and 

for different reasons. Chapter 4 revealed that children’s comprehension of code-switching varied 

across factors such as testing location and SES. These findings further confirm the importance of 

accounting for and investigating the effects of individual variation on bilingual language 

development. To date, most research on bilingual language development has been limited in the 

extent to which it is able to investigate how individual differences may affect bilinguals’ 

language development, because researchers have generally relied on a categorical approach to 

bilingualism where all bilinguals in a given study are analyzed as a single group. Moving away 

from a purely categorial view of bilingualism requires researchers to consider what individual 

differences they should investigate and how to best integrate these individual differences into 

their study design. 

Incorporating more explorations of individual differences into research with young 

bilinguals raises questions about what individual differences to incorporate. It is difficult and 

time-consuming to recruit large enough samples to look at individual differences and variation in 

bilingual language development. However, some studies have investigated individual variation in 

young bilinguals’ language development. One commonly studied source of variation is the 

relative amount of exposure that a young bilingual hears in each language. For example, 
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language exposure is strongly related to the size of their vocabulary in that language (Côté et al., 

2022; Thordardottir, 2011). Another commonly studied source of variation is language 

similarity. For example, bilinguals learning similar languages (e.g., Dutch and Frisian) have been 

found to have larger vocabularies in Dutch than bilinguals learning dissimilar languages (e.g., 

Dutch and Polish; Blom et al., 2020). While relative language exposure and similarity are 

important components in bilinguals’ language development (Byers-Heinlein, 2015), bilinguals’ 

input and experiences can vary in many different ways that could impact their language 

development. Bilinguals’ experiences likely vary in ways that have been shown to impact 

monolinguals’ language development (e.g., total amount of input; Golinkoff et al., 2015; 

Shneidman & Goldin-Meadow, 2012), but they will also vary in ways unique to a bilingual 

experience (Hoff, 2020). For example, Chapter 4 showed that individual differences like the 

frequency children hear code-switching may impact their language processing and 

comprehension. To gain a more complete view of bilingualism, researchers will need to consider 

and identify which individual differences are the most relevant when investigating bilingual 

language development. 

Beyond deciding which individual differences to incorporate, researchers must also 

determine how to best integrate these differences. An important consideration is that increasing 

variation on one variable can unintentionally increase variation on another. For instance, if 

researchers wanted to study the effect of age of exposure on language comprehension, the 

variation of age of exposure may also be related to variation in vocabulary size (e.g., Bylund et 

al., 2019), which in turn could affect language comprehension. Thus, it may be difficult to isolate 

the effect of age of exposure unless a large enough sample was collected to control for these 

other related variables. One way to address such complications would be for researchers to adopt 

a large-scale collaborative approach (see ManyBabies; Byers-Heinlein, Tsui, et al., 2021). This 

would allow for a larger and more diverse sample that could be used to assess the effects of 

individual differences by incorporating either the factor mixture model or grade-of-membership 

model, as proposed in Chapter 2. While investigating the potential effects of individual 

differences may complicate and lengthen the research process, it will ultimately provide a richer, 

more-detailed picture of bilingual language development. 

 

 



100 

 

5.2.3 Implications for Language Separation 

The findings on code-switching in this dissertation also contribute to theories of bilingual 

language development. In particular, this work informs the question of language separation, or 

bilinguals’ ability to treat the languages they hear as separate entities, which has been proposed 

to be a critical step in a bilingual child’s language development (Byers-Heinlein, 2014). Code-

switching offers a unique opportunity to explore language separation in young bilinguals, 

because it combines both languages in a short time period. This allows researchers to compare 

how bilinguals handle both of their languages simultaneously, as opposed to only one language 

at a time, which can provide information on how the languages are represented in the child’s 

mind and if they are separated. For example, recognizing that a code-switch has occurred has 

been interpreted as evidence that bilinguals understand that separate languages were spoken 

(Byers-Heinlein et al., 2017). While code-switching offers a lens through which to investigate 

language separation in an experimental context, it is also relevant to ask how everyday exposure 

to code switching might impact a child’s language development. Some scholars and parents have 

worried that code-switching may complicate language learning and separation, because it may 

reduce the contextual and linguistic cues that children can use to determine which language they 

are hearing (e.g., Baker, 2000; Barron-Hauwaert, 2004; Döpke, 1998; Taeschner, 1983). Below I 

explain what code-switching can reveal about language separation and argue that code-switching 

in the input may play a role in language separation by allowing young bilinguals to compare 

properties and features of both of their languages.  

Language separation begins early in life but is a gradual process (Byers-Heinlein, 2014; 

Genesee, 1989), and code-switching may reveal details of this process. An early step in language 

separation is noticing that a switch between two languages has occurred. Chapter 3 found that for 

young French–English bilinguals in Montreal, the two languages appeared to be relatively 

separated in their language input. However, switches between the languages still occurred across 

larger time scales (e.g., across activities), and bilinguals would need to be able to detect when 

these switches happen. When switching happens on a larger time scale, bilinguals can detect 

such switches by using the rhythmic properties that distinguish the languages, an ability bilingual 

infants display within the first days and months of their life (Bosch & Sebastián-Gallés, 1997a, 

1997b, 2001; Byers‐Heinlein & Werker, 2009; Nazzi et al., 2000). However, when infants must 

detect switches between their languages on a smaller time scale due to code-switching, there may 
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not be enough rhythmic information to accomplish this task. Thus, the ability to detect code-

switching may be difficult particularly for young bilinguals. French–English bilinguals in 

Montreal have been shown to be unable to detect single-word switches between 8-12 months 

(Schott, Mastroberardino, et al., 2021), but they appear to develop this ability by 18-24 months 

(Byers-Heinlein et al., 2017). Chapter 4 further extends these findings and suggests that by 3 

years old, French–English bilinguals in Montreal may have more refined abilities to handle their 

two language systems, as they were able to process code-switched sentences similar to single-

language sentences. Combined, these findings suggest that the ability to detect code-switching 

emerges as young bilinguals gain more experience with their languages, supporting the idea of 

gradual language separation. 

Code-switching not only reveals details of young bilinguals’ language separation to 

researchers, but it may also reveal details of each language to the bilinguals themselves. Once 

young bilinguals are able to detect code-switching, code-switches may provide children with the 

opportunity to compare elements across their languages on a short time scale. For example, 

hearing the word “red” in English (i.e., /ɹɛd/) and French (i.e., “rouge,” /ʁuʒ/) could allow a 

young bilingual to compare and learn the different way each language pronounces the r-sound. 

Being able to make these comparisons across languages has been proposed to be a key element 

in language separation (Curtin et al., 2011). It is through the comparison of linguistic features, 

such as phonotactics or lexical items, that children can learn which features belong to which 

language. When children can compare elements of their languages within the same sentence or 

between two adjacent sentences due to code-switching, it may highlight the differences across 

languages more clearly than when those same elements are compared across longer time scales.  

While code-switching could help young bilinguals identify specific properties of each of 

their languages, it may be difficult to isolate this effect in the laboratory. Detecting code-

switching and learning language-specific properties from code-switching could support each 

other. That is, detecting code-switching may help young bilinguals learn language-specific 

properties, and recognizing language-specific properties may help young bilinguals detect code-

switching. Children’s ability to detect code-switching appears to improve over time (Byers-

Heinlein et al., 2017; Schott, Mastroberardino, et al., 2021), and the results from Chapter 3 

suggest that parents increase the amount of code-switching they produce as their child’s 

language abilities develop. If this is indeed the case, then it would not be surprising that older 
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bilinguals, who would have more experience with language overall and code-switching 

specifically, would be able to detect code-switching, providing evidence for language separation, 

when younger bilinguals do not. One way to tease apart the potential contribution of code-

switching to language separation would be to study children who hear different amounts of code-

switching. If code-switching does in fact play a role in learning language-specific properties and 

language separation, children who hear code-switching frequently should be able to detect code-

switching and language-specific properties more readily that children who hear code-switching 

infrequently. Understanding the impact of code-switching on language separation will shed light 

on a key step in bilingual language development. 

5.3 Limitations & Future Directions 

While this dissertation has addressed important issues surrounding code-switching in 

young bilinguals’ language development and provided two new methodological contributions to 

the field of bilingualism, it also had several limitations, which raise additional questions that 

should be considered in future research.  

One limitation was the use of a categorical definition of bilingualism used in Chapters 3 

and 4. Based on the arguments presented in Chapter 2, it may seem counterintuitive that more 

individual differences were not considered in the subsequent chapters (although individual 

differences were incorporated to the extent possible, e.g., age, testing location, SES). This is 

largely because the designs of the studies presented Chapters 3 and 4, including the definition of 

bilingualism and sample sizes, were finalized before the ideas in Chapter 2 had crystalized. 

Additionally, research with young bilinguals is extremely time consuming, so the sample sizes 

tend to be small for studies in this field. This limits the incorporation of either the factor mixture 

model or grade-of-membership model proposed in Chapter 2. To illustrate, the factor mixture 

model or grade-of-membership model require a sample size of 150-200 participants to construct 

an accurate model (Holmes Finch, 2020; Lubke & Neale, 2006), but Chapter 3 had a final 

sample size of 21 families, and Chapter 4 had a final sample size of 30 children. In a world with 

unlimited resources and where the order of the work presented in this dissertation had been 

reversed, the ideas from Chapter 2 would have been better incorporated by increasing the sample 

size, expanding the definition of bilingualism, and identifying relevant individual differences to 

investigate in Chapters 3 and 4. This would have allowed for more subtle effects of bilingualism 

and code-switching to be explored. 
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Another limitation is the scope of Chapter 3. Chapter 3 focused on the code-switches that 

parents produced when speaking to their infant but was unable to look at how this code-

switching may have directly impacted children’s language development. This was because the 

corpus that was used to analyze parents’ speech did not contain information about children’s 

language abilities. Thus, future research could look at this link directly by investigating how the 

frequency, syntactic location, and/or apparent reason(s) behind parents’ code-switching impacts 

their child’s language development, including vocabulary size and comprehension skills. 

Additionally, the scope of Chapter 3 was limited to investigating the code-switching that infants 

heard from their parents, as the audio recordings were made at home. In a bilingual community 

like Montreal, it is very likely that infants were exposed to code-switching outside the home 

and/or from other speakers. While investigating the code-switching in a young bilingual’s input 

more holistically could present some important privacy concerns, it would ultimately lead to a 

richer understanding of a bilingual’s language environment. Lastly, the coding protocol used in 

Chapter 3 did not code for what part of speech was code-switched in intrasentential code-

switches. As discussed in Chapter 4, gaining this more fine-grained information would allow 

researchers to examine how young bilinguals’ familiarity with intrasentential code-switching at 

different parts of speech affects their language processing and comprehension. 

The last limitations are related to the design and sample size in Chapter 4. Chapter 4 

presented code-switching at a previously unstudied syntactic location – a prenominal determiner-

adjective pair. Moreover, the adjectives were uninformative and did not differentiate between the 

two objects presented on the screen. This presented children with the opportunity to “listen 

through” the code-switch. Thus, it is unclear if children would be able to process all code-

switching at an adjective as easily as they appeared to in this study. Thus, future research is 

needed to better understand bilinguals’ comprehension of code-switching at a variety of syntactic 

locations. The other limitation present in Chapter 4 was the sample size. The sample afforded 

only a preliminary investigation of how children’s individual differences may have affected their 

ability to process the code-switch. Moving forward, studies investigating bilinguals’ 

comprehension of code-switching should plan on analyzing how individual differences affects 

bilinguals’ performance and accommodate those analyses with an appropriate sample size. 
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5.4 Conclusion 

Overall, this dissertation reveals two main patterns within the field of bilingualism. First, 

that there are more comprehensive ways to model bilingualism than are currently being used. If 

such models are used consistently in the field, they could support the comparison of results 

across studies and help address currently unanswered research questions, particularly around the 

effects of individual differences between bilinguals. Second, that there remains much to learn 

about the code-switching that young bilinguals encounter in their daily lives and how such code-

switching may affect their language processing, language separation, and overall development. 

Results from this dissertation suggest that code-switching may support successful bilingual 

language development and that bilinguals’ individual differences may moderate this effect.  
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Variable name Class Values Description 

r_row Integer Integers Row number in R file 
child_id Integer Integers Unique child ID number 
day Integer [1 2 3 4] Day of recording 
recording Integer 1 – 1920 Number of recording in the day; unique 30 second 

chunk  
speaker Factor  Mom 

Dad 
Child 
Nanny 

Who said the utterance 

listener Factor  Infant 
Mom 
Dad 
Child 
Nanny 
Other 

Who the utterance was said to. We are only 
interested when the listener is “Infant” 

language Factor  English 
French 
Mixed 

Which language utterance is spoken in. Mixed if 
more than one language spoken 

transcription String   Transcription of utterance 
“xxx” was unable to be transcribed 
“zzz” is redacted personal info, such as names 

translation String  Translation of entire utterance into English. For 
words that were originally in French, ARE IN ALL 
CAPS for easy identification.  

multiple_switch Factor [0 1] 0 – if an utterance contains only one switch 
1 – if an utterance contains more than one switch 

switch_number Integer Integers Any utterance that only has 1 switch will have a 
value of 1. For utterances with more than 1 switch, 
copy/paste the row for each switch. Each row will 
get its own number (2, 3, 4, etc.). Bold and italicize 
the switch in the translation column that is being 
coded in that row. Complete rest of row for switch 
of interest 

direction Factor  [1 2] 1 – if switch is from English to French 
2 – if switch if from French to English 

constituent Factor  [1 2 3] 1 – if beginning of switch is not a constituent of pre-
switch, and switch is between-sentences switches 
2 – if beginning of switch is not a constituent, and 
switch is within-sentence 
3 – if switch is a constituent1 of pre-switch (only 
within-sentence switches possible) 

attention Logical  [0 1] if switch is to attract infant’s attention 
emphasis Logical  [0 1] if switch is to add emphasis 
discipline Logical  [0 1] if switch is to discipline the infant 

 

1 For description and tests of constituency: https://en.wikipedia.org/wiki/Constituent_(linguistics) 

https://en.wikipedia.org/wiki/Constituent_(linguistics)
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understanding Logical  [0 1] if switch is to ensure the infant’s understanding 
vocab Logical  [0 1] if switch is to teach vocabulary to the infant 
translation_equivalent Logical  [0 1] if switch is translating the previous sentence 

resulting in an equivalent sentence 
borrowing Logical  [0 1] if switch results from conventionalized, standard 

borrowing, such as a language specific saying, idiom, 
etc.  

baby_word Logical [0 1] If switch results from conventionalized, standard 
borrowing for baby vocabulary (e.g. dodo, toutou, 
bye-bye) 

comments String   If switch cannot be classified into a category above, 
add a comment if you can identify the reason. Other 
comments about the switch 
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Appendix B: Consent Forms 
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CONSENT TO PARTICIPATE IN THE MONOLINGUAL AND BILINGUAL DEVELOPMENT PROJECT 

 
I understand that I have been asked to participate in a program of research being conducted by 
Dr. Krista Byers-Heinlein of the Centre for Research in Human Development and the Psychology 
Department of Concordia University, 514-848-2424 x2208, k.byers@concordia.ca 
 
A. PURPOSE 

 
I have been informed that the purpose of the research is to understand how children develop 
their language and conceptual skills. 
 
B. PROCEDURES 

 
I understand that my child’s participation in the study will take approximately 10 minutes, and 
that my participation may take up to 60 minutes. My child will be seated comfortably in a study 
room, and I or a caregiver designated by me will accompany my child at all times.  My child will 
see an audio-visual presentation including one or more of the following: language sounds, non-
language sounds, colourful pictures, or a live interaction with a researcher.  My child’s reactions 
throughout the study will be recorded on video and/or via an eye tracker, and will be kept by 
the researcher for future reference. I may be asked to complete questionnaires regarding my 
child’s background, experience, and knowledge. I understand that data will be stored in a 
secure location at Concordia University, and participants will only be identified by code number 
to protect confidentiality. 
 
C. RISKS AND BENEFITS 

 
I understand that there are no known risks to participation in this study.  As a thank you for my 
participation, I will receive a small gift for my child and a certificate. 
 
D. CONDITIONS OF PARTICIPATION 

 
• I understand that I am free to withdraw my consent and discontinue my and my child’s 

participation at anytime without negative consequences. 
• I understand that my and my child’s participation in this study is CONFIDENTIAL. 
• I understand that the data from this study may be published.  
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I HAVE CAREFULLY STUDIED THE ABOVE AND UNDERSTAND THIS AGREEMENT.  I FREELY 
CONSENT AND VOLUNTARILY AGREE TO PARTICIPATE WITH MY CHILD IN THIS STUDY. 
 
CHILD’S NAME (please print) ___________________________________________________ 
 
PARENT’S NAME (please print) ___________________________________________________ 
 
SIGNATURE  _______________________________________________________________ 
 
DATE   _______________________________________________________________ 
 
I would be interested in participating in other studies conducted through the Centre for 
Research in Human Development with my child in the future YES / NO (circle one) 
 
 
If at any time you have questions about the proposed research, please contact the study’s 
Principal Investigator 
 
Dr. Krista Byers-Heinlein 
Centre for Research in Human Development 
Department of Psychology, Concordia University 
514-848-2424 x. 2208 
 
If at any time you have questions about your rights as a research participant, please contact the  
Research Ethics and Compliance Advisor, Concordia University, 514.848.2424 ex. 7481 
ethics@alcor.concordia.ca 
 
 
Baby ID:  ____________ 
 

Researcher: _________________________ 

 
 



134 

 

 

  



135 

 

 

  



136 

 

Appendix C: Language Background Questionnaire
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Appendix D: Developmental Vocabulary Assessment for Parents 
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Appendix E: Language Mixing Questionnaire 
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Appendix F: Demographic Questionnaire
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Today’s Date: _____________      Baby ID: _______     Exp. Name: _________________ 

Study ID: ________   Study Name:___________________________ 

 

Concordia Infant Research Laboratory Participant Information 

 

Child’s Date of Birth: ___________________   

            MM / DD / YY 

Child’s Gender:   Male   Female    Other/Not specified 

Basic Family Information 

Parent A’s First Name: _______________________   Male   Female    Other/Not specified 

          First only    

Parent B’s First Name: _______________________   Male   Female    Other/Not specified  

          First only  

Address (including postal code):  

__________________________________________________________________ 

__________________________________________________________________ 

Phone numbers Where? (e.g. home, Mom work, Dad cell) 

1.   

2.  

3.  

4.  

5.  

E-mail:  ______________________________________ 

Does your child have any siblings?   

First Name of Sibling Date of Birth Gender 
Can we contact you for 
future studies for this 

child? 

    Yes  No 

    Yes  No 

    Yes  No 

 
Has another university contacted you to participate in one of their studies?  Yes    No 
If yes, which university? _________________________________ 
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Languages Spoken in the Home and at Childcare 
 

What is parent A’s native language (s)?   ______________________ 
What is parent B’s native language (s)?   ______________________ 
 

What percent of the time does your baby hear the following languages?: 
 

English ____% 

French ____% 

Other (please specify) ___________ ____% 

Other (please specify) ___________ ____% 

TOTAL 100 % 

Has the child lived/vacationed in any country where s/he would hear a language other than English or 
French?  Yes         No   
If yes, please detail (when, where, and for how long?) _________________________________ 
 

Health History 
 

What was your child’s birth weight?  __ __ lbs __ __ oz   OR __ __ __ __ grams 

Was your child born early?  Yes        No 
If yes, how many days/ weeks? _____________________________________________ 
 

Were there any complications during the pregnancy?  Yes        No  
If yes please detail ________________________________________________________ 
 

Has your child had any major medical problems? 
If yes please detail_________________________________________________________ 
 

Does your child have any hearing or vision problems? 
If yes please detail_________________________________________________________ 
 

Does your child currently have an ear infection?  Yes        No 
 

Has your child had any ear infections in the past?   Yes        No  
If yes at which ages_________________________________________________________ 
 

Does your child have a cold today?      Yes        No      

If yes, does he/she have pressure/pain in ears (if known)?   Yes        No 

Is there any other relevant information we should know (health or language-related)? 
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Family and Child Background Information (optional) 
 
 
Parent A's Current Level of Education  
Check any/all that apply:  
 

 Primary School 
 Some High School 
 High School 
 Some College/University 
 College Certificate/Diploma 
 Trade School Diploma 
 Bachelor’s Degree 
 Master’s Degree 
 Doctoral Degree 
 Professional Degree 
 Not Applicable/Unknown 
 Other (please specify): 

_____________________________
_____________________________
______ 

 

Parent B’s Current Level of Education  
Check any/all that apply:  
 

 Primary School 
 Some High School 
 High School 
 Some College/University 
 College Certificate/Diploma 
 Trade School Diploma 
 Bachelor’s Degree 
 Master’s Degree 
 Doctoral Degree 
 Professional Degree 
 Not Applicable/Unknown 
 Other (please specify): 

_____________________________
_____________________________
______ 

 

 
 
 
Parent A's Occupational Status (optional) 
Check any/all that apply:  
 

 Employed Full-Time 
 Employed Part-Time 
 Stay-at-Home-Parent 
 Student 
 Unemployed 
 Not Applicable/Unknown 
 On Temporary Leave (e.g., 

maternity, paternity, sick, etc.; 
please also check status when not 
on leave) 

 Other (please specify): 
_____________________________
_____________________________
______ 

 

Parent B’s Occupational Status (optional) 
Check any/all that apply:  
 

 Employed Full-Time 
 Employed Part-Time 
 Stay-at-Home-Parent 
 Student 
 Unemployed 
 Not Applicable/Unknown 
 On Temporary Leave (e.g., 

maternity, paternity, sick, etc.; 
please also check status when not 
on leave) 

 Other (please specify): 
_____________________________
_____________________________
______ 
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What language community do you (and your partner) identify with?  
Check any/all that apply: 
 

 Anglophone 
 Francophone 
 Allophone 
 Other (please specify): 

_______________________________________________________________ 
 
What are your child’s ethnic origins?  
Check any/all that apply: 
 

 Aboriginal 
 African 
 Arab 
 West Asian 
 South Asian 
 East and Southeast Asian 
 Caribbean 
 European 
 Latin/Central/South American 
 Pacific Islands 
 Not Applicable/Unknown 
 Other (please specify): 

_______________________________________________________________ 
 
What culture do you (and your partner) identify with? 
Check any/all that apply: 
 

 Aboriginal 
 African 
 Arab 
 West Asian 
 South Asian 
 East and Southeast Asian 
 Caribbean 
 European 
 Latin/Central/South American 
 Pacific Islands 
 Not Applicable/Unknown 
 Other (please specify): 

_______________________________________________________________ 
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Appendix G: Visual Stimuli for Chapter 4 
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Table G.1: Target images and their adjective-noun phrases in English, French, and Spanish.  

Image English French Spanish 

 

the good bear - el buen oso 

 

the big bunny 

the nice bunny 

- 

le gentil lapin 

el gran conejo 

- 

 

the little butterfly - la pequeña mariposa 

 

the pretty cow la jolie vache la hermosa vaca 

 

the big dog 

the nice dog 

- 

le gentil chien 

el gran perro 

- 

 

the good duck le bon canard el buen pato 

 

the good fish le bon poisson - 

 

the pretty froggy la jolie grenouille la hermosa rana 

 

the little monkey le petit singe - 

 

the little sheep le petit mouton la pequeña oveja 

Note. Image pairs for each trial are described in Table 4.2. 

  



157 

 

Appendix H: Supplemental Analyses for Chapter 4 
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Growth Curve Analysis 

As described in the main text, we conducted a growth curve analysis using the time 

window of 400 – 2000ms after the noun onset, with looking time data binned in 100ms blocks. 

The final model was built and selected through an iterative process (see Table H.1 for terms in 

each model; Mirman, 2017). First, we constructed a baseline model which contained only linear 

and quadratic time terms as fixed effects and random slopes on the random effect of participant 

(see Table H.2). For Model 1, we added the fixed effect of trial type, which was coded using a 

simple contrast coding scheme (see Table H.3). Compared to baseline, the addition of trial type 

significantly improved the model (see Table H.4), thus this variable was retained for subsequent 

models. For Model 2, we next added the interaction between trial type and the linear time term 

(see Table H.5). Compared to Model 1, the addition of this interaction did not statistically 

significantly improve the model (see Table H.6) and was removed for subsequent models. Model 

1 served as the final model for our analysis on the effect of trial type and the baseline model for 

our analyses on the effects of language dominance, testing location, socioeconomic status, and 

vocabulary. 

For each subsequent model, the variable of interest was added as a main effect and in an 

interaction with trial type. In Model 3, we investigated the effect of language dominance (see 

Table H.7). Compared to Model 1, the addition of language dominance did not significantly 

improve the model (see Table H.8). In Model 4, we investigated the effect of testing location 

(see Table H.9). Compared to Model 1, the addition of testing location statistically significantly 

improved the model (see Table H.10). In Model 5, we investigated the effect of socioeconomic 

status (see Table H.11). Compared to Model 1, the addition of socioeconomic status statistically 

significantly improved the model (see Table H.12). In Model 6, we investigated the effect of 

vocabulary (see Table H.13). Compared to Model 1, the addition of vocabulary statistically 

significantly improved the model (see Table H.14). 

Pupillometry 

For the sample collected in Montreal, we were able to examine whether hearing a code-

switched sentence elicits a processing cost via pupillometry, as the Tobii T60-XL eye-tracker 

automatically records pupil size. Following the guidelines from Jackson and Sirois (2009), the 

data were pre-processed using the PupillometryR package (Forbes, 2020) in order to facilitate the 

analysis. The pre-processing began with regressing one pupil against the other. Because pupils 
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often change size at a similar rate (Jackson & Sirois, 2009), this step allows data from one pupil 

to approximate the other when there is missing data. Then, the mean pupil size across both eyes 

was calculated in order to have a single pupil measure for each time sample. Data were then 

filtered with a moving hanning filter. The hanning filter calculates the pupil size through a 

weighted moving average to remove extreme values but keep the relevant effects (Kosie, 2019). 

Next, the data were baseline corrected by subtracting the average size of the pupil during the last 

200ms of the carrier phrase before the first code-switch (e.g., 200ms before “le bon” in the 

sentence “Can you find le bon [fr. the good] duck?”). Baselining allows the change in pupil 

dilation within a window to be analyzed, as opposed to analyzing the raw pupil size which can 

drift over time. Trials were excluded from the pupillometry analyses if they were not analyzed in 

the looking time analysis (i.e., the child looked less than 750ms of the analysis window) or if 

they had no data during the baselining period or analysis windows. A total of 137 single-

language trials and 120 code-switched trials were included in the following analyses (97% and 

94% of single-language and code-switched trials included in the looking time analysis, 

respectively). 

In order to isolate the effect of the code-switch from the carrier phrase to the article (e.g., 

Can you find le bon [fr. the good] …) and from the adjective to the noun (e.g., … le bon [fr. the 

good] duck?), we conducted separate analyses time locking the data at the location of each code-

switch. First, we examined pupil dilation for single-language and code-switched trials for 

2000ms from the onset of the article. Across this time window, pupil dilation was similar 

between the two trial types, t(18) = 1.34, p = .198, Md = 0.01, 95% CI [-0.01,0.03], indicating no 

differences in processing effort for the code-switched trials immediately after the first switch 

(see Figure H.1a). Next, we examined pupil dilation for single-language and code-switched trials 

for 2000ms after the onset of the noun in the stimulus. Across this time window, pupil dilation 

was similar between the two trial types, t(18) = 0.39, p = .700, Md = 0.01, 95% CI [-0.04,0.05], 

suggesting no difference in processing effort for the code-switched trials when the language 

switched again at the noun (see Figure H.1b). 

Because articles began at different times across trials relative to the onset of the noun due 

to natural variation in speaking rate and length of the adjective (e.g., beautiful vs. old; M = 

507ms, Range: 311 – 705ms), we extended the time window visualized in Figure H.1a to match 

the analysis window of the switch to the noun, which lasted until approximately 500ms after the 
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analysis window for the first switch. Similarly, in Figure H.1b, we extended the window 

visualized to 500ms before the noun onset to approximately match the analysis window of the 

switch to the article. 
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Table H.1: Fixed effects in each model in the iterative process. 

Model Fixed effects 

Base 

model 
Linear time + quadratic time 

Model 1 Linear time + quadratic time + trial type 

Model 2 Linear time + quadratic time + trial type + trial type x linear time 

Model 3 
Linear time + quadratic time + trial type + language dominance + trial type x 

language dominance 

Model 4 
Linear time + quadratic time + trial type + testing location + trial type x testing 

location 

Model 5 
Linear time + quadratic time + trial type + socioeconomic status + trial type x 

socioeconomic status 

Model 6 Linear time + quadratic time + trial type + vocabulary + trial type x vocabulary 

Note. Each model had the same random effect structure including linear and quadratic time as 

random slope for participants. 
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Table H.2: Baseline Model. 

 
Estimate 95% CI 𝑡 𝑑𝑓 𝑝 

Fixed effects      

   Intercept 0.76 [0.72, 0.79] 43.06 29.43 < .001 

   Time (Linear) 0.29 [0.14, 0.43] 3.86 29.45 .001 

   Time (Quadratic) -0.27 [-0.32, -0.23] -12.36 29.12 < .001 

Random effects  Variance    

   Participant Intercept 0.008    

 Time (Linear) 0.155    

 Time (Quadratic) 0.002    

Note. Equation = proportion looking time ~ [time (linear) + time (quadratic)] + ([time (linear) 

+ time (quadratic)] || participant) 
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Table H.3: Model 1, addition of trial type as fixed factor. 

 
Estimate 95% CI 𝑡 𝑑𝑓 𝑝 

Fixed effects      

   Intercept 0.76 [0.72, 0.79] 43.05 29.42 < .001 

   Time (Linear) 0.29 [0.14, 0.43] 3.86 29.46 .001 

   Time (Quadratic) -0.27 [-0.32, -0.23] -12.36 29.09 < .001 

   Trial type -0.03 [-0.05, -0.01] -3.43 6,100.82 .001 

Random effects  Variance    

   Participant Intercept 0.008    

 Time (Linear) 0.154    

 Time (Quadratic) 0.002    

Note. Equation = proportion looking time ~ [time (linear) + time (quadratic)] + trial type + 

([time (linear) + time (quadratic)] || participant) 
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Table H.4: ANOVA comparison of Model 1 to the baseline model. 

Model 

Number of 

parameters AIC BIC 

Log-

likelihood Deviance X2 df p 

Base 

model 
7.00 6,043.90 6,090.99 -3,014.95 6,029.90    

Model 1 8.00 6,034.12 6,087.95 -3,009.06 6,018.12 11.78 1.00 0.00 
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Table H.5: Model 2, addition of interaction between trial type and time (linear). 

 
Estimate 95% CI 𝑡 𝑑𝑓 𝑝 

Fixed effects      

   Intercept 0.76 [0.72, 0.79] 43.09 29.42 < .001 

   Time (Linear) 0.29 [0.14, 0.44] 3.85 29.44 .001 

   Time (Quadratic) -0.27 [-0.32, -0.23] -12.37 29.07 < .001 

   Trial type -0.03 [-0.05, -0.02] -3.49 6,100.99 < .001 

   Trial type x Time (Linear) -0.06 [-0.14, 0.02] -1.46 6,103.57 .144 

Random effects  Variance    

   Participant Intercept 0.008    

 Time (Linear) 0.156    

 Time (Quadratic) 0.002    

Note. Equation = proportion looking time ~ [time (linear) + time (quadratic)] + trial type + trial 

type:time (linear) + ([time (linear) + time (quadratic)] || participant) 
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Table H.6: ANOVA comparison of Model 2 to Model 1. 

Model 

Number of 

parameters AIC BIC 

Log-

likelihood Deviance X2 df p 

Model 1 8.00 6,034.12 6,087.95 -3,009.06 6,018.12    

Model 2 9.00 6,033.98 6,094.54 -3,007.99 6,015.98 2.14 1.00 0.14 
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Table H.7: Model 3, addition of language dominance. 

 
Estimate 95% CI 𝑡 𝑑𝑓 𝑝 

Fixed effects      

   Intercept 0.76 [0.72, 0.79] 44.35 29.44 < .001 

   Time (Linear) 0.29 [0.14, 0.43] 3.86 29.46 .001 

   Time (Quadratic) -0.27 [-0.32, -0.23] -12.37 29.08 < .001 

   Trial type -0.03 [-0.05, -0.01] -3.39 6,101.58 .001 

   Language dominance -0.05 [-0.11, 0.02] -1.36 29.44 .183 

Trial type x Language 

dominance 
0.01 [-0.03, 0.05] 0.35 6,101.58 .727 

Random effects  Variance    

   Participant Intercept 0.008    

 Time (Linear) 0.154    

 Time (Quadratic) 0.002    

Note. Equation = proportion looking time ~ [time (linear) + time (quadratic)] + trial type + 

language dominance + trial type x language dominance ([time (linear) + time (quadratic)] || 

participant) 
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Table H.8: ANOVA comparison of Model 3 to Model 1. 

Model 

Number of 

parameters AIC BIC 

Log-

likelihood Deviance X2 df p 

Model 1 8.00 6,034.12 6,087.95 -3,009.06 6,018.12    

Model 3 10.00 6,036.19 6,103.48 -3,008.10 6,016.19 1.93 2.00 0.38 
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Table H.9: Model 4, addition of testing location. 

 Estimate 95% CI 𝑡 𝑑𝑓 𝑝 

Fixed effects      

   Intercept 0.75 [0.71, 0.78] 43.20 29.72 < .001 

   Time (Linear) 0.29 [0.14, 0.43] 3.87 29.47 .001 

   Time (Quadratic) -0.27 [-0.31, -0.23] -12.44 29.05 < .001 

   Trial type -0.05 [-0.07, -0.03] -4.67 6,103.15 < .001 

   Testing location -0.07 [-0.14, 0.00] -1.98 29.71 .057 

   Testing location x Trial type -0.09 [-0.13, -0.05] -4.16 6,103.14 < .001 

Random effects  Variance    

   Participant Intercept 0.007    

 Time (Linear) 0.154    

 Time (Quadratic) 0.002    

Note. Equation = proportion looking time ~ [time (linear) + time (quadratic)] + trial type + 

testing location + testing location x trial type + ([time (linear) + time (quadratic)] || participant) 
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Table H.10: ANOVA comparison of Model 4 to Model 1. 

Model 

Number of 

parameters AIC BIC 

Log-

likelihood Deviance X2 df p 

Model 1 8.00 6,034.12 6,087.95 -3,009.06 6,018.12    

Model 4 10.00 6,017.25 6,084.53 -2,998.63 5,997.25 20.87 2.00 < .001 
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Table H.11: Model 5, addition of parental education (SES). 

 
Estimate 95% CI 𝑡 𝑑𝑓 𝑝 

Fixed effects      

   Intercept 0.69 [0.55, 0.83] 9.73 29.56 < .001 

   Time (Linear) 0.29 [0.14, 0.43] 3.85 29.47 .001 

   Time (Quadratic) -0.27 [-0.31, -0.23] -12.41 29.06 < .001 

   Trial type -0.20 [-0.28, -0.12] -4.75 6,106.01 < .001 

   Parental education 0.00 [0.00, 0.01] 0.94 29.48 .355 

Testing location x Parental 

education 
0.01 [0.01, 0.02] 4.04 6,103.72 < .001 

Random effects  Variance    

   Participant Intercept 0.008    

 Time (Linear) 0.155    

 Time (Quadratic) 0.002    

Note. Equation = proportion looking time ~ [time (linear) + time (quadratic)] + trial type + 

parental education + testing location x parental education + ([time (linear) + time (quadratic)] 

|| participant) 
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Table H.12: ANOVA comparison of Model 5 to Model 1. 

Model 

Number of 

parameters AIC BIC 

Log-

likelihood Deviance X2 df p 

Model 1 8.00 6,034.12 6,087.95 -3,009.06 6,018.12    

Model 5 10.00 6,021.09 6,088.37 -3,000.54 6,001.09 17.03 2.00 < .001 
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Table H.13: Model 6, addition of vocabulary. 

 
Estimate 95% CI 𝑡 𝑑𝑓 𝑝 

Fixed effects      

   Intercept 0.676 [0.6023,0.7497] 17.98 28.68 < .001 

   Time (Linear) 0.2619 [0.1208,0.4031] 3.64 28.35 .001 

   Time (Quadratic) -0.2636 [-0.3050,-0.2222] -12.48 28.16 < .001 

   Trial type -0.0497 [-0.0960,-0.0034] -2.1 5899.58 .035 

   Vocabulary 0.0007 [0.0001,0.0013] 2.42 28.38 .022 

   Trial type x Vocabulary 0.0002 [-0.0002,0.0005] 0.85 5896.3 .396 

Random effects  Variance    

   Participant Intercept 0.007    

 Time (Linear) 0.138    

 Time (Quadratic) 0.001    

Note. Equation = proportion looking time ~ [time (linear) + time (quadratic)] + trial type + 

vocabulary + testing location x vocabulary + ([time (linear) + time (quadratic)] || participant) 
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Table H.14: ANOVA comparison of Model 6 to Model 1. 

Model 

Number of 

parameters AIC BIC 

Log-

likelihood Deviance X2 df p 

Model 1 8.00 5,863.09 5,916.64 -2,923.55 5,847.09    

Model 6 10.00 5,860.94 5,927.88 -2,920.47 5,840.94 6.15 2.00 0.05 
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Figure H.1: Mean change in pupil dilation by trial type from (a) article onset and (b) noun onset.  

 

Note. We encourage the reader to interpret this figure with caution as the onsets of the nouns (in 

a) and onsets of articles (in b) do not all occur at the same time on this visualization. 


