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Abstract
Aims and Objectives: Bilingualism is a complex construct, and it can be difficult to define and 
model. This paper proposes that the field of bilingualism can draw from other fields of psychology, 
by integrating advanced psychometric models that incorporate both categorical and continuous 
properties. These models can unify the widespread use of bilingual and monolingual groups that 
exist in the literature with recent proposals that bilingualism should be viewed as a continuous 
variable.
Approach: In the paper, we highlight two models of potential interest: the factor mixture 
model and the grade-of-membership model. These models simultaneously allow for the 
formation of different categories of speakers and for continuous variation to exist within 
these categories. We discuss how these models could be implemented in bilingualism 
research, including how to develop these models. When using either of the two models, 
researchers can conduct their analyses on either the categorical or continuous information, 
or a combination of the two, depending on which is most appropriate to address their 
research question.
Conclusions: The field of bilingualism research could benefit from incorporating more complex 
models into definitions of bilingualism. To help various subfields of bilingualism research converge 
on appropriate models, we encourage researchers to pre-register their model selection and 
planned analyses, as well as to share their data and analysis scripts.
Originality: The paper uniquely proposes the incorporation of advanced statistical psychometric 
methods for defining and modeling bilingualism.
Significance: Conceptualizing bilingualism within the context of these more flexible models will 
allow a wide variety of research questions to be addressed. Ultimately, this will help to advance 
theory and lead to a fuller and deeper understanding of bilingualism.
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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 litera-
ture, 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 paper 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.

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 such as 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 a combi-
nation of observable indicators, such as language proficiency and exposure to determine an indi-
vidual’s bilingual status (Anderson et al., 2018; Li et al., 2006, 2014; Marian et al., 2007; Marian 
& Hayakawa, 2020). 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, p. 
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 cate-
gorical 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 researchers are turning to continuous approaches based on recent theoretical 
perspectives.

Categorical model

Much of the early literature on bilingualism followed a categorical model and compared bilinguals 
and monolinguals as discrete groups (see Figure 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 
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to children’s development. In another classic study, Ianco-Worrall (1972) found that bilingual chil-
dren, defined as those who were exposed to two languages regularly and who demonstrated com-
petence 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 bilin-
guals, 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), among 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 of acquisi-
tion, language combinations, and/or degrees of proficiency, and monolinguals may have different 
amounts of exposure to a second language (L2) across their lifespan (e.g., many researchers con-
sider 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; 
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, 1997) to older adulthood (e.g., Bialystok, 2004), address-
ing questions ranging from language acquisition (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 about bilingualism.

While increasing the number of bilingual categories better captures the variability in bilin-
guals’ experiences and abilities, categories are often poorly defined in research articles, limit-
ing 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 

Figure 1. Representation of a categorical model of bilingualism.
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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 back-
ground, some of which were designed for use with adult samples (Language and Social 
Background Questionnaire, Anderson et al., 2018; Language History Questionnaire (LHQ), Li 
et al., 2006, 2014; Language Experience and Proficiency Questionnaire (LEAP-Q), Marian 
et al., 2007), while others were designed for use with infant and/or child samples (Language 
Exposure Questionnaire, Bosch & Sebastián-Gallés, 2001; Multilingual Approach to Parent 
Language Estimates, Byers-Heinlein et al., 2020; Language Exposure Assessment Tool, 
DeAnda et al., 2016; Alberta Language Development Questionnaire, Paradis et al., 2010; 
Bilingual Language Experience Calculator, 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 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-bilinguals and late-bilinguals, but the definition of who qualifies as 
an early-bilingual versus a late-bilingual may vary across studies. To illustrate, Tao and colleagues 
(2011) placed bilinguals into the early or late group if their L2 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 L2 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 

Figure 2. Representation of a categorical model of bilingualism with many different possible groups of 
bilinguals.
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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, conduct-
ing 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, categoriza-
tion 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 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 sta-
tistical consequences and could obscure our understanding of bilingualism.

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, 2020; Takahesu Tabori 
et al., 2018). Under such an approach, the continuum would span the range from completely mono-
lingual (i.e., never having any exposure to a L2) to fully proficient bilingual (i.e., “balanced;” see 
Figure 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 multidimen-
sional construct, using a variety of measures might better place individuals on a bilingualism con-
tinuum. 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 ques-
tions about their language exposure, language proficiency, language use in different contexts, and 
L2 accent perception on a single continuous scale (Gullifer & Titone, 2020). When using a 

Figure 3. Representation of a continuous model of bilingualism.



Kremin and Byers-Heinlein 1565

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 giv-
ing more weight to some dimensions (e.g., age of acquisition) than others (e.g., time spent listening 
to the radio in the L2). Marian and Hayakawa (2020) 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 sensi-
tive periods for language acquisition (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). While using a con-
tinuous 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 enrollment 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 paper. 
Therefore, both continuous and categorical models may be useful in advancing bilingualism 
research depending on the particular study.

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 heterogenous. 
Continuous models accommodate more individual variation but may not be practical in all bilin-
gualism 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 con-
struct, some research questions may be best addressed by some combination of the two. Are mod-
els 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 intro-
duce 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 are of theoretical interest to include in the model (e.g., language attitudes, 
proficiency, and 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 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 
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than current research practices and would allow researchers to incorporate both categorical and 
continuous properties when analyzing their data.

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 indi-
viduals 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 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 member-
ship 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).

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 LHQ (Li et al., 2014) 

Figure 4. Representation of a factor fixture model of bilingualism where data can be analyzed based on 
categorical membership or placement on a continuum.
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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 Akaike information criterion and Bayesian information 
criterion 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 four 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 identi-
fied in the model in an anaylysis of variance (ANOVA) or use a regression model to additionally 
incorporate participants’ continuous scores within each group.

Grade-of-membership models

Grade-of-membership models also allow for variation within categories. Such models place indi-
viduals into different categories, but uniquely allow for individuals to simultaneously 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’ cate-
gorization is not as clear, through a “fuzzy set.” This set has no definitive boundaries, and individu-
als 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 
simultaneously be 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 5). Imagine an individual who studied a L2 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 such as 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 experi-
ence influences a wide variety of factors.
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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-mem-
bership models (Holmes Finch, 2021) – and asked his participants extensive questions about their 
language history and proficiency using the 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 numbers of groups and selects the final 
model, which happens to have only two groups, by identifying the model with the lowest truncated 
sum of squared Pearson residuals (Χ2

tr; Erosheva et al., 2007; Holmes Finch, 2021). Based on their 
responses, each participant is given a probability of belonging to each of the two groups identified 
in the sample; the total of these probabilities will sum to one. Dr Grade-O’Membership can deter-
mine if a participant should be placed in the bilingual or monolingual group, based on the group 
that 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 two-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.

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 

Figure 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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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 pro-
ficiency 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 model 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 research 
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 model 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 Resourceful will need 
to give their participants the LHQ (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 four groups from the original model the participant belongs to. Dr Resourceful dis-
covers 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 varia-
bles 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-profi-
ciency 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 model and grade-of-membership model are simply two of many models that 
researchers could consider employing in the field of bilingualism. If we look to the field of psycho-
metrics, 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.

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 sub-
fields and studies (Marian & Hayakawa, 2020). 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 popu-
lations 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 meas-
ure 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 (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 statis-
tical 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 L2) 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 model or grade-of-membership 
model could be appropriate. Because of the variety of samples and research questions in the field 
of 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.

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 cate-
gorical 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 recom-
mend that particular subfields compare the relative theoretical and practical merits and perfor-
mance of different models, and carefully consider the types of participant data used to create 
their models (i.e., questions about language proficiency and use, vs. questions about language 
attitudes). Ideally, subfields will converge on the model that is most appropriate for their research 
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questions and populations and converge on a standard approach to collect such data (e.g., a con-
sistent 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 models will ulti-
mately allow for a wider range of research questions to be addressed and for advancement of 
theories of bilingualism.

Acknowledgements

We thank members of the Concordia Infant Research Laboratory, Montreal, for their comments on earlier 
versions of this manuscript.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest with respect to the research, authorship, and/or publi-
cation of this article.

Funding

The author(s) disclosed receipt of the following financial support for the research, authorship, and/or publica-
tion of this article: This work was supported by grants from the Natural Sciences and Humanities Research 
Council of Canada to KBH (Grant Numbers: 402470-2011 and 2018-04390), the National Institutes of Health 
to KBH (Grant Number: 1R01HD095912-01A1), and a fellowship from the Fonds de Recherche du Québec to 
Lena V. Kremin. Krista Byers-Heinlein holds the Concordia University Research Chair in Bilingualism and 
Open Science and receives research funding through this program.

ORCID iDs

Lena V. Kremin  https://orcid.org/0000-0002-4010-490X

Krista Byers-Heinlein  https://orcid.org/0000-0002-7040-2510

References

Abutalebi, J., & Rietbergen, M. J. (2014). Neuroplasticity of the bilingual brain: Cognitive control and reserve. 
Applied Psycholinguistics, 35(5), 895–899. https://doi.org/10.1017/S0142716414000186

Altman, D. G., & Royston, P. (2006). The cost of dichotomising continuous variables. BMJ, 332(7549), 1080. 
https://doi.org/10.1136/bmj.332.7549.1080

Anderson, J. A. E., Mak, L., Keyvani Chahi, A., & Bialystok, E. (2018). The language and social background 
questionnaire: Assessing degree of bilingualism in a diverse population. Behavior Research Methods, 
50(1), 250–263. https://doi.org/10.3758/s13428-017-0867-9

https://orcid.org/0000-0002-4010-490X
https://orcid.org/0000-0002-7040-2510
https://doi.org/10.1017/S0142716414000186
https://doi.org/10.1136/bmj.332.7549.1080
https://doi.org/10.3758/s13428-017-0867-9


1572 International Journal of Bilingualism 25(6)

Andreotti, A., Minicuci, N., Kowal, P., & Chatterji, S. (2009). Multidimensional profiles of health status: 
An application of the grade of membership model to the world health survey. PLoS ONE, 4(2), e4426. 
https://doi.org/10.1371/journal.pone.0004426

Asparouhov, T., & Muthen, B. (2006, August 8). Multilevel modeling of complex survey data [Conference 
session]. Joint Statistical Meeting ASA Section on Survey Research Methods, Seattle WA, United States.

Baker, W., & Trofimovich, P. (2005). Interaction of native- and second-language vowel system(s) in early 
and late bilinguals. Language and Speech, 48(1), 1–27. https://doi.org/10.1177/00238309050480010101

Baum, S., & Titone, D. (2014). Moving toward a neuroplasticity view of bilingualism, executive control, and 
aging. Applied Psycholinguistics, 35(5), 857–894. http://dx.doi.org.lib-ezproxy.concordia.ca/10.1017/
S0142716414000174

Bialystok, E. (2004). Bilingualism, aging, and cognitive control: Evidence from the Simon task. Psychology 
and Aging, 19(2), 290–303. https://doi.org/10.1037/0882-7974.19.2.290

Borsboom, D., Rhemtulla, M., Cramer, A. O. J., van der Maas, H. L. J., Scheffer, M., & Dolan, C. V. (2016). 
Kinds versus continua: A review of psychometric approaches to uncover the structure of psychiatric 
constructs. Psychological Medicine, 46(8), 1567–1579. https://doi.org/10.1017/S0033291715001944

Bosch, L., & Sebastián-Gallés, N. (1997). Native-language recognition abilities in 4-month-old infants from 
monolingual and bilingual environments. Cognition, 65(1), 33–69. https://doi.org/10.1016/S0010-
0277(97)00040-1

Bosch, L., & Sebastián-Gallés, N. (2001). Evidence of early language discrimination abilities in infants from 
bilingual environments. Infancy, 2(1), 29–49. https://doi.org/10.1207/S15327078IN0201_3

Byers-Heinlein, K., Burns, T. C., & Werker, J. F. (2010). The roots of bilingualism in newborns. Psychological 
Science, 21(3), 343–348. https://doi.org/10.1177/0956797609360758

Byers-Heinlein, K., Schott, E., Gonzalez-Barrero, A. M., Brouillard, M., Dubé, D., Jardak, A., Laoun-
Rubenstein, A., Mastroberardino, M., Morin-Lessard, E., & Iliaei, S. P. (2020). MAPLE: A multilingual 
approach to parent language estimates. Bilingualism: Language and Cognition, 23(5), 951–957. https://
doi.org/10.1017/S1366728919000282

Cat, C. D., Kašćelan, D., Prevost, P., Serratrice, L., Tuller, L., & Unsworth, S. (2021). Delphi consen-
sus survey on how to document bilingual experience. OSF Preprints. https://doi.org/10.31219/osf.io/
ebh3c

Clark, S. L., Muthén, B., Kaprio, J., D’Onofrio, B. M., Viken, R., & Rose, R. J. (2013). Models and strategies 
for factor mixture analysis: An example concerning the structure underlying psychological disorders. 
Structural Equation Modeling: A Multidisciplinary Journal, 20(4), 681–703. https://doi.org/10.1080/10
705511.2013.824786

Cohen, J. (1983). The cost of dichotomization. Applied Psychological Measurement, 7(3), 249–253. https://
doi.org/10.1177/014662168300700301

Costa, A., Hernández, M., Costa-Faidella, J., & Sebastián-Gallés, N. (2009). On the bilingual advan-
tage in conflict processing: Now you see it, now you don’t. Cognition, 113(2), 135–149. https://doi.
org/10.1016/j.cognition.2009.08.001

Cummins, J. P. (1976). The influence of bilingualism on cognitive growth: A synthesis of research findings 
and explanatory hypotheses. Ontario Institute for Studies in Education.

DeAnda, S., Bosch, L., Poulin-Dubois, D., Zesiger, P., & Friend, M. (2016). The language exposure assess-
ment tool: Quantifying language exposure in infants and children. Journal of Speech, Language, and 
Hearing Research, 59(6), 1346–1356. https://doi.org/10.1044/2016_JSLHR-L-15-0234

de Bruin, A. (2019). Not all bilinguals are the same: A call for more detailed assessments and descriptions of 
bilingual experiences. Behavioral Sciences, 9(3), 33. https://doi.org/10.3390/bs9030033

De Cat, C., Gusnanto, A., & Serratrice, L. (2018). Identifying A threshold for the executive function advantage 
in bilingual children. Studies in Second Language Acquisition, 40(1), 119–151. https://doi.org/10.1017/
S0272263116000486

Del Maschio, N., & Abutalebi, J. (2019). Language organization in the bilingual and multilingual brain. In J. 
W. Schwieter, & M. Paradis (Eds.), The handbook of the neuroscience of multilingualism (pp. 199–213). 
John Wiley & Sons Ltd.

https://doi.org/10.1371/journal.pone.0004426
https://doi.org/10.1177/00238309050480010101
http://dx.doi.org.lib-ezproxy.concordia.ca/10.1017/S0142716414000174
http://dx.doi.org.lib-ezproxy.concordia.ca/10.1017/S0142716414000174
https://doi.org/10.1037/0882-7974.19.2.290
https://doi.org/10.1017/S0033291715001944
https://doi.org/10.1016/S0010-0277(97)00040-1
https://doi.org/10.1016/S0010-0277(97)00040-1
https://doi.org/10.1207/S15327078IN0201_3
https://doi.org/10.1177/0956797609360758
https://doi.org/10.1017/S1366728919000282
https://doi.org/10.1017/S1366728919000282
https://doi.org/10.31219/osf.io/ebh3c
https://doi.org/10.31219/osf.io/ebh3c
https://doi.org/10.1080/10705511.2013.824786
https://doi.org/10.1080/10705511.2013.824786
https://doi.org/10.1177/014662168300700301
https://doi.org/10.1177/014662168300700301
https://doi.org/10.1016/j.cognition.2009.08.001
https://doi.org/10.1016/j.cognition.2009.08.001
https://doi.org/10.1044/2016_JSLHR-L-15-0234
https://doi.org/10.3390/bs9030033
https://doi.org/10.1017/S0272263116000486
https://doi.org/10.1017/S0272263116000486


Kremin and Byers-Heinlein 1573

DeLuca, V., Rothman, J., Bialystok, E., & Pliatsikas, C. (2019). Redefining bilingualism as a spectrum 
of experiences that differentially affects brain structure and function. Proceedings of the National 
Academy of Sciences of the United States of America, 116(15), 7565–7574. https://doi.org/10.1073/
pnas.1811513116

Diamantopoulos, A., Riefler, P., & Roth, K. P. (2008). Advancing formative measurement models. Journal of 
Business Research, 61(12), 1203–1218. https://doi.org/10.1016/j.jbusres.2008.01.009

DiStefano, C., Zhu, M., & Mîndrilã, D. (2009). Understanding and using factor scores: Considerations for the 
applied researcher. Practical Assessment, Research, and Evaluation, 14(1), 20. https://doi.org/10.7275/
DA8T-4G52

Erosheva, E. A. (2005). Comparing latent structures of the grade of membership, rasch, and latent class mod-
els. Psychometrika, 70(4), 619–628. https://doi.org/10.1007/s11336-001-0899-y

Erosheva, E. A., Fienberg, S. E., & Joutard, C. (2007). Describing disability through individual-level mix-
ture models for multivariate binary data. The Annals of Applied Statistics, 1(2), 346–384. https://doi.
org/10.1214/07-aoas126

Esposito, A., Luk, G., Li, P., Tong, X., & Náñez, J. (2015). Describing and quantifying “bilingualism”: 
The need for consistency and accuracy for research and education. Society for Research in Child 
Development.

Gormley, I. C., & Murphy, T. B. (2009). A grade of membership model for rank data. Bayesian Analysis, 4(2), 
265–295. https://doi.org/10.1214/09-BA410

Gullifer, J. W., & Titone, D. (2020). Characterizing the social diversity of bilingualism using lan-
guage entropy. Bilingualism: Language and Cognition, 23(2), 283–294. https://doi.org/10.1017/
S1366728919000026

Hallquist, M. N., & Wright, A. G. C. (2014). Mixture modeling methods for the assessment of normal and 
abnormal personality, part I: Cross-sectional models. Journal of Personality Assessment, 96(3), 256–
268. https://doi.org/10.1080/00223891.2013.845201

Holmes Finch, W. (2021). Performance of the grade of membership model under a variety of sample sizes, 
group size ratios, and differential group response probabilities for dichotomous indicators. Educational 
and Psychological Measurement, 81(3), 523–548. https://doi.org/10.1177/0013164420957384

Hulstijn, J. H. (2012). The construct of language proficiency in the study of bilingualism from a cogni-
tive perspective. Bilingualism: Language and Cognition, 15(2), 422–433. https://doi.org/10.1017/
S1366728911000678

Ianco-Worrall, A. D. (1972). Bilingualism and cognitive development. Child Development, 43(4), 1390–
1400. https://doi.org/10.2307/1127524

Kaushanskaya, M., & Marian, V. (2009). The bilingual advantage in novel word learning. Psychonomic 
Bulletin & Review, 16(4), 705–710. https://doi.org/10.3758/PBR.16.4.705

Kaushanskaya, M., & Prior, A. (2015). Variability in the effects of bilingualism on cognition: It is not just 
about cognition, it is also about bilingualism. Bilingualism: Language and Cognition, 18(1), 27–28. 
https://doi.org/10.1017/S1366728914000510

Lambert, W. E., Havelka, J., & Gardner, R. C. (1959). Linguistic manifestations of bilingualism. The American 
Journal of Psychology, 72(1), 77–82. https://doi.org/10.2307/1420213

Law, K. S., Wong, C.-S., & Mobley, W. H. (1998). Toward a taxonomy of multidimensional constructs. The 
Academy of Management Review, 23(4), 741–755. https://doi.org/10.2307/259060

Lehtonen, M., Soveri, A., Laine, A., Järvenpää, J., de Bruin, A., & Antfolk, J. (2018). Is bilingualism associ-
ated with enhanced executive functioning in adults? A meta-analytic review. Psychological Bulletin, 
144(4), 394–425. https://doi.org/10.1037/bul0000142

Li, P., Sepanski, S., & Zhao, X. (2006). Language history questionnaire: A web-based interface for bilingual 
research. Behavior Research Methods, 38(2), 202–210. https://doi.org/10.3758/BF03192770

Li, P., Zhang, F., Tsai, E., & Puls, B. (2014). Language history questionnaire (LHQ 2.0): A new dynamic web-
based research tool. Bilingualism: Language and Cognition, 17(03), 673–680. https://doi.org/10.1017/
S1366728913000606

Lubke, G., & Muthén, B. (2005). Investigating population heterogeneity with factor mixture models. 
Psychological Methods, 10(1), 21–39. https://doi.org/10.1037/1082-989X.10.1.21

https://doi.org/10.1073/pnas.1811513116
https://doi.org/10.1073/pnas.1811513116
https://doi.org/10.1016/j.jbusres.2008.01.009
https://doi.org/10.7275/DA8T-4G52
https://doi.org/10.7275/DA8T-4G52
https://doi.org/10.1007/s11336-001-0899-y
https://doi.org/10.1214/07-aoas126
https://doi.org/10.1214/07-aoas126
https://doi.org/10.1214/09-BA410
https://doi.org/10.1017/S1366728919000026
https://doi.org/10.1017/S1366728919000026
https://doi.org/10.1080/00223891.2013.845201
https://doi.org/10.1177/0013164420957384
https://doi.org/10.1017/S1366728911000678
https://doi.org/10.1017/S1366728911000678
https://doi.org/10.2307/1127524
https://doi.org/10.3758/PBR.16.4.705
https://doi.org/10.1017/S1366728914000510
https://doi.org/10.2307/1420213
https://doi.org/10.2307/259060
https://doi.org/10.1037/bul0000142
https://doi.org/10.3758/BF03192770
https://doi.org/10.1017/S1366728913000606
https://doi.org/10.1017/S1366728913000606
https://doi.org/10.1037/1082-989X.10.1.21


1574 International Journal of Bilingualism 25(6)

Lubke, G., & Neale, M. C. (2006). Distinguishing between latent classes and continuous factors: Resolution 
by maximum likelihood? Multivariate Behavioral Research, 41(4), 499–532. https://doi.org/10.1207/
s15327906mbr4104_4

Luk, G. (2015). Who are the bilinguals (and monolinguals)? Bilingualism: Language and Cognition, 18(1), 
35–36. https://doi.org/10.1017/S1366728914000625

Luk, G., & Bialystok, E. (2013). Bilingualism is not a categorical variable: Interaction between language 
proficiency and usage. Journal of Cognitive Psychology, 25(5), 605–621. https://doi.org/10.1080/2044
5911.2013.795574

Luk, G., Marian, V., Castro, D. C., & Byers-Heinlein, K. (2017). Describing and quantifying “bilingualism” 
part 2; the need for consistency and accuracy for research and education. Society for Research on Child 
Development.

MacCallum, R. C., Zhang, S., Preacher, K. J., & Rucker, D. D. (2002). On the practice of dichotomization of 
quantitative variables. Psychological Methods, 7(1), 19–40. https://doi.org/10.1037/1082-989X.7.1.19

Marian, V., Blumenfeld, H. K., & Kaushanskaya, M. (2007). The Language Experience and Proficiency 
Questionnaire (LEAP-Q): Assessing language profiles in bilinguals and multilinguals. Journal of Speech 
Language and Hearing Research, 50(4), 940–967. https://doi.org/10.1044/1092-4388(2007/067)

Marian, V., & Hayakawa, S. (2020). Measuring bilingualism: The quest for a “bilingualism quotient.” Applied 
Psycholinguistics, 42(2), 527–548. https://doi.org/10.1017/S0142716420000533

Masyn, K. E., Henderson, C. E., & Greenbaum, P. E. (2010). Exploring the latent structures of psychologi-
cal constructs in social development using the dimensional–categorical spectrum. Social Development, 
19(3), 470–493. https://doi.org/10.1111/j.1467-9507.2009.00573.x

McLachlan, G., & Peel, D. (2004). Finite mixture models. John Wiley & Sons.
McNamara, T. F. (2000). Language testing. Oxford University Press.
Meehl, P. E. (1995). Bootstraps taxometrics: Solving the classification problem in psychopathology. American 

Psychologist, 50(4), 266–275. https://doi.org/10.1037/0003-066X.50.4.266
Müller, N., & Hulk, A. (2001). Crosslinguistic influence in bilingual language acquisition: Italian and French 

as recipient languages. Bilingualism: Language and Cognition, 4(1), 1–21. https://doi.org/10.1017/
S1366728901000116

Muthén, L. K., & Muthén, B. (2016). Mplus. The comprehensive modelling program for applied researchers: 
User’s guide, 5.

Nazzi, T., Jusczyk, P. W., & Johnson, E. K. (2000). Language discrimination by English-learning 5-month-
olds: Effects of rhythm and familiarity. Journal of Memory and Language, 43(1), 1–19. https://doi.
org/10.1006/jmla.2000.2698

Nylund, K. L., Asparouhov, T., & Muthén, B. O. (2007). Deciding on the number of classes in latent class 
analysis and growth mixture modeling: A Monte Carlo simulation study. Structural Equation Modeling: 
A Multidisciplinary Journal, 14(4), 535–569. https://doi.org/10.1080/10705510701575396

Paradis, J., Emmerzael, K., & Duncan, T. S. (2010). Assessment of English language learners: Using parent 
report on first language development. Journal of Communication Disorders, 43(6), 474–497. https://doi.
org/10.1016/j.jcomdis.2010.01.002

Peal, E., & Lambert, W. E. (1962). The relation of bilingualism to intelligence. Psychological Monographs: 
General and Applied, 76(27), 1–23. https://doi.org/10.1037/h0093840

Pliatsikas, C., & Schweiter, J. W. (2019). Multilingualism and brain plasticity. In J. W. Schwieter, & M. 
Paradis (Eds.), The handbook of the neuroscience of multilingualism (pp. 230–251). John Wiley & Sons 
Ltd.

Polites, G. L., Roberts, N., & Thatcher, J. (2012). Conceptualizing models using multidimensional constructs: 
A review and guidelines for their use. European Journal of Information Systems, 21(1), 22–48. https://
doi.org/10.1057/ejis.2011.10

Prior, A., & Macwhinney, B. (2010). A bilingual advantage in task switching. Bilingualism: Language and 
Cognition, 13(2), 253–262. https://doi.org/10.1017/S1366728909990526

Ricciardelli, L. A. (1992). Bilingualism and cognitive development in relation to threshold theory. Journal of 
Psycholinguistic Research, 21(4), 301–316. https://doi.org/10.1007/BF01067515

https://doi.org/10.1207/s15327906mbr4104_4
https://doi.org/10.1207/s15327906mbr4104_4
https://doi.org/10.1017/S1366728914000625
https://doi.org/10.1080/20445911.2013.795574
https://doi.org/10.1080/20445911.2013.795574
https://doi.org/10.1037/1082-989X.7.1.19
https://doi.org/10.1044/1092-4388(2007/067)
https://doi.org/10.1017/S0142716420000533
https://doi.org/10.1111/j.1467-9507.2009.00573.x
https://doi.org/10.1037/0003-066X.50.4.266
https://doi.org/10.1017/S1366728901000116
https://doi.org/10.1017/S1366728901000116
https://doi.org/10.1006/jmla.2000.2698
https://doi.org/10.1006/jmla.2000.2698
https://doi.org/10.1080/10705510701575396
https://doi.org/10.1016/j.jcomdis.2010.01.002
https://doi.org/10.1016/j.jcomdis.2010.01.002
https://doi.org/10.1037/h0093840
https://doi.org/10.1057/ejis.2011.10
https://doi.org/10.1057/ejis.2011.10
https://doi.org/10.1017/S1366728909990526
https://doi.org/10.1007/BF01067515


Kremin and Byers-Heinlein 1575

Sebastián-Gallés, N., Albareda-Castellot, B., Weikum, W. M., & Werker, J. F. (2012). A bilingual advan-
tage in visual language discrimination in infancy. Psychological Science, 23(9), 994–999. https://doi.
org/10.1177/0956797612436817

Simmons, J. P., Nelson, L. D., & Simonsohn, U. (2011). False-positive psychology: Undisclosed flexibility 
in data collection and analysis allows presenting anything as significant. Psychological Science, 22(11), 
1359–1366. https://doi.org/10.1177/0956797611417632

Sulpizio, S., Del Maschio, N., Del Mauro, G., Fedeli, D., & Abutalebi, J. (2020). Bilingualism as a gradi-
ent measure modulates functional connectivity of language and control networks. NeuroImage, 205, 
116306. https://doi.org/10.1016/j.neuroimage.2019.116306

Surrain, S., & Luk, G. (2017). Describing bilinguals: A systematic review of labels and descriptions used in 
the literature between 2005–2015. Bilingualism: Language and Cognition, 22(2), 401–415. https://doi.
org/10.1017/S1366728917000682

Takahesu Tabori, A. A., Mech, E. N., & Atagi, N. (2018). Exploiting language variation to better understand 
the cognitive consequences of bilingualism. Frontiers in Psychology, 9, 1686. https://doi.org/10.3389/
fpsyg.2018.01686

Tao, L., Marzecová, A., Taft, M., Asanowicz, D., & Wodniecka, Z. (2011). The efficiency of attentional net-
works in early and late bilinguals: The role of age of acquisition. Frontiers in Psychology, 2, 123. https://
doi.org/10.3389/fpsyg.2011.00123

Unsworth, S. (2013). Assessing the role of current and cumulative exposure in simultaneous bilingual acqui-
sition: The case of Dutch gender. Bilingualism: Language and Cognition, 16(1), 86–110. https://doi.
org/10.1017/S1366728912000284

Viroli, C. (2012). FactMixtAnalysis: Factor mixture analysis with covariates (1.0) [Computer software]. 
https://CRAN.R-project.org/package=FactMixtAnalysis

Waller, N. G., & Meehl, P. E. (1998). Multivariate taxometric procedures: Distinguishing types from con-
tinua. SAGE Publications, Inc.

Wang, Y. S., & Erosheva, E. A. (2015). mixedMem: Tools for discrete multivariate mixed membership models 
(1.1.0) [Computer software]. https://CRAN.R-project.org/package=mixedMem

Werker, J. F., & Hensch, T. K. (2015). Critical periods in speech perception: New directions. Annual Review 
of Psychology, 66(1), 173–196. https://doi.org/10.1146/annurev-psych-010814-015104

Werker, J. F., & Tees, R. C. (2005). Speech perception as a window for understanding plasticity and com-
mitment in language systems of the brain. Developmental Psychobiology, 46(3), 233–251. https://doi.
org/10.1002/dev.20060

Woodbury, M. A., & Manton, K. G. (1989). Grade of membership analysis of depression-related psychiatric disor-
ders. Sociological Methods & Research, 18(1), 126–163. https://doi.org/10.1177/0049124189018001005

Zirnstein, M., van Hell, J. G., & Kroll, J. F. (2018). Cognitive control ability mediates prediction costs in 
monolinguals and bilinguals. Cognition, 176, 87–106. https://doi.org/10.1016/j.cognition.2018.03.001

Author biographies

Lena V. Kremin is currently a PhD candidate in Psychology at Concordia University in Montreal, Canada. Her 
main research interest is language acquisition in bilingual children, particularly how bilingual infants separate 
their languages. She is currently involved in projects investigating bilinguals’ phonological perception, paren-
tal language mixing, and the potential effects of code-switching on comprehension.

Krista Byers-Heinlein is a Professor in the Department of Psychology at Concordia University in Montreal, 
Canada. Her main research areas include investigating infant development, with a focus on language acquisi-
tion. She uses primarily behavioral methods such as eye tracking, looking-time, sucking, and reaching meas-
ures. She is particularly interested in infants growing up in bilingual environments and the mechanisms that 
they use to acquire two languages simultaneously.

https://doi.org/10.1177/0956797612436817
https://doi.org/10.1177/0956797612436817
https://doi.org/10.1177/0956797611417632
https://doi.org/10.1016/j.neuroimage.2019.116306
https://doi.org/10.1017/S1366728917000682
https://doi.org/10.1017/S1366728917000682
https://doi.org/10.3389/fpsyg.2018.01686
https://doi.org/10.3389/fpsyg.2018.01686
https://doi.org/10.3389/fpsyg.2011.00123
https://doi.org/10.3389/fpsyg.2011.00123
https://doi.org/10.1017/S1366728912000284
https://doi.org/10.1017/S1366728912000284
https://CRAN.R-project.org/package=FactMixtAnalysis
https://CRAN.R-project.org/package=mixedMem
https://doi.org/10.1146/annurev-psych-010814-015104
https://doi.org/10.1002/dev.20060
https://doi.org/10.1002/dev.20060
https://doi.org/10.1177/0049124189018001005
https://doi.org/10.1016/j.cognition.2018.03.001

