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1. Introduction

Prior to the early 1960s, the idea that children in bilingual contexts were somehow
disadvantaged for linguistic and cognitive development was popularly held. Without
consideration of socio-economic inequalities across groups, often co-occurring with
ethnic/racial minority status, it was argued that simultaneous language exposure resulted in
confusion, delaying the process of language acquisition and cognitive development, if not, in
the extreme, causing mental retardation (Goodenough, 1926; Saer, 1923). In light of what we
know today— i.e., minimally, that bilingualism provides no disadvantage relative to
monolingualism, a discussion to which we return in greater detail below (see e.g., Meisel, 2011,
Serratrice, 2013, Bialystok, 2016, 2017)— it boggles the mind how such ideas could have
originated, much less propagated. Perplexity, as is often the case, is only made possible by the
clarity of hindsight. In some sense, claims about the extreme disadvantages of bilingualism
were effectively inevitable. Simply put, the science of the times did not know better; it was
fundamentally flawed.

So, what changed? Was it the case that the social milieu of bilingualism and attitudes
toward it have dramatically changed in many monolingual-dominant, Western societies? By
some measures, they have at least in some instances. The post Franco dictatorship era of Spain,
beginning in 1975, is a good example of the walls of bilingualism oppression falling. In the
previous 50 years, from the mid-1920s to the mid-1970s, there was an enforced “Spanish-only”
policy that delegitimized (even criminalized) regional languages such as Catalan, Galician, and
Basque. Although not without challenges, the overall response to linguistic persecution was a
sharp resurgence of institutionalized bilingual language protection, identity, and pride (e.g.,
Hoffman, 2000; Azurmendi, Larranaga & Apalategi, 2008; Loureiro-Rodriguez, 2008; Urla,
2012). However, such examples do not reflect a more generalized trend overall—there are
many areas, perhaps more in recent times, where functional monolingualism and/or attitudes
against the utility of bilingualism have become more entrenched. Even if it were the case that
a less polarized, more (alternatively) normative view of bilingualism were more widespread in
the monolingual parts of the world, it is doubtful that this alone would explain the change in
tides and ensuing results of scientific bilingualism research since the 1960s. Most researchers
would agree that a (societal) context in which a pre-emptively definitive conclusion has not
already been drawn is the best grounds for any scientific inquiry. Yet, the scientific benefit of
such is really only the neutrality it provides for the object of inquiry itself. So, what, then, is
responsible for the more balanced view on bilingualism, at least within research circles, we
have experienced since the 1960s?

In our view, the answer to the above, as it could only be, has been higher standards in
the scientific study of bilingualism itself. Peal and Lambert (1962) marks the beginning of the
turn. In response to claims of the times, they pondered the extent to which so-called evidence



reflected true deficits within bilinguals or was a byproduct of the modality they were being
tested in, all of which related to intelligence measured through language. If it were the case that
bilinguals were “confused” and thus had impaired trajectories of cognitive development,

then this should be confirmed in complementary tests of nonverbal intelligence as well.
Alternatively, Peal and Lambert hypothesized that the verbal modality tested in the societal
dominant language promoted monolinguals to seemingly better success. If on the right track,
then, they expected monolingual and bilingual children to show no differences on measures of
nonverbal intelligence, but the monolinguals might show higher scores with verbal measures.
Their predictions, however, only partially obtained. Surprisingly, the bilingual children
outperformed monolingual peers not only on tests related to nonverbal intelligence, but rather
on virtually all measures. Peal and Lambert (1962) is the first study to show a potentially
enhanced “mental flexibility” of bilinguals. More importantly, at least for the discussion of the
present chapter, is its underscoring of the deterministic role of how we do the science. Their
framing of the (nuanced) questions themselves, controlling for variables such as socioeconomic
compatibility and the importance of task (modality) effects opened new doors. Since Peal and
Lambert (1962), the controlling of many variables and the responsiveness, ingenuity and
flexibility of empiricism have combined with modern advances in technology to immensely
increase the ecological validity of studying bilingualism. At present, the study of bilingualism
across (psycho)linguistics, psychology and cognitive neuroscience has never been more
sophisticated or better aligned with the rigors of the natural sciences. However, this does not
mean there is no room for improvement.

The goal of this chapter has the above notion of “room for improvement” at its core. It
will do so by honing in on one of potentially many, variables that has substantial room for
refinement: the defining of bilingualism in juxtaposition to the wide spectrum of experiences
that give rise to it. Doing so is timely, as we will contextualize below, on several fronts.
Significant strides in unpacking bilingual experiences and charting their correlations to
outcomes have recently been made. By experience, we are referring to moments of meaningful
engagement with language and, crucially, points in time where a choice (unconscious and
conscious alike) between the languages a bilingual has competence in is afforded. The idea is
that the distribution of experiences proxies for the opportunity over the lifespan of a bilingual
to develop and maintain linguistically and to exercise the mind/brain in ways it has been argued
bilingualism can. The relationship(s) between input (quality and quantity), use and proficiency
is/are not entirely clear for several reasons, not least given the multifarious ways in which each
of these constructs can be conceived. Nevertheless, it should be uncontroversial to state that at
some crucial level(s) these three constructs overlap and interact and that their relationships are
as dynamic as they are non-linear. Suffice it to say, exposure to language (input) in ample
quantity and quality is necessary, although not sufficient, for the growth of competence (on a
spectrum of proficiency), which in turn affects among many other factors language use. It is
especially fitting that such a discussion should be in a book that honors the seminal
contributions of a pioneer in the study of bilingualism par excellence, Ellen Bialystok. While
she is perhaps best known for her work that created the modern study of the neurocognition of
bilingualism since the early 2000s, the impact, ubiquity and breadth of Professor Bialystok’s
work has laid cornerstones, since the 1970s, in virtually all inquiries into bilingual language
acquisition and processing, education, and literacy as well. While in the remainder of this
chapter we will focus our discussion on consequences for the neurocognitive study of
bilingualism, advocating a more nuanced view of bilingualism as a spectrum of experiences,
leading to variation in outcomes is equally important for the sister fields of language
acquisition, linguistic processing, and literacy/education.

Not least in light of concerns regarding replication and generalizability extensions for
work showing so-called “bilingual advantages”, Professor Bialystok was among the first and
most vociferous researchers to acknowledge the reality and implications of the existence of null
effects alongside positive ones. She welcomed principled and systematic changes to



methodological practice that would enable us to better understand the very object of study while
increasing predictive validity regarding the conditions under which bilingualism can be
expected (and not) to show effects (see e.g., Bialystok, 2016, 2017). Some meta-analyses and
systematic reviews have led several to the conclusion that claims of generalized bilingual
effects are exaggerated, if warranted at all (e.g., Paap, Johnson & Sawi, 2015, Lehtonen et al.,
2018). Others offer evidence casting doubt regarding the existence of generalizable effects for
specific domains, such as interference resolution, while showing how the totality of data still
“suggest bilinguals do enjoy a more widespread cognitive advantage (a bilingual executive
processing advantage) that is likely observable on a variety of cognitive assessment tools”
(Hilchey & Klein, 2011: 625). Putting aside for the moment other methodological issues related
to cross-study comparability such as effect sizes, power within studies, the tendency to not
publish null results and the like, a recent meta-analysis by van den Noort et al. (2019) seems
particularly relevant to the goal of the current paper. They reviewed 46 original studies on
bilingualism and cognitive control tasks, finding that the majority, 54.3%, suggest beneficial
effects, 28.3% null effects and 17.4% offer evidence against any type of bilingual facilitation.
Of equal importance, they revealed that issues of compatibility across the studies, mostly
methodological, among them especially participant selection and individual differences not
considered, had good explanatory power for the contradictory results across the studies.

Historically, the main criterion for inclusion in bilingualism studies of all types, but
especially within the neurocognitive literature, has been some sort of qualifying proficiency
measure that relegates participants to one or another group (typically monolinguals versus
bilinguals). While it is already troubling for cross-study comparison reasons that the quality of
such measures vary considerably, from a single ‘yes’/‘no’ question (are you bilingual?), to self-
reporting of perceived language skills, to formalized proficiency measures of vocabulary and/or
grammar, it is far from clear that proficiency per se should be a particularly good variable for
determining the status of one’s -lingualism?. Pertaining to the knock-on effects this has for
meta-analyses, Leivada, Dufiabetia, Westergaard & Rothman (2021) call our attention to the
following:

On the whole, recent meta analyses and systematic reviews give serious cause
for reflection, if not concern [...] That which can be understood (better) from a
meta-analysis or systematic review is inherently related to the actual
appropriateness of bringing data sets together in the first place, that is, their
comparability [...] Failure to get this crucial condition right could translate to
comparisons of proverbial apples to oranges, the blending of which fails in the
most essential ways to ensure confidence for meaningful conclusions that sound
meta-analyses provide. In light of the provisos discussed in van den Noort et
al.’s  (2019) work, if methodological differences reduce the
similarity/comparability of data sets to a significant degree then we must
consider what consequences these have [...] since bilingualism itself is defined
distinctly in many studies, i.e. often not treated as the spectrum it is, we must
ponder what the consequences are of collapsing data across studies with
participants of vastly different bilingual profiles in these meta-analyses and
systematic reviews (Leivada et al. XXXX:XX)

There are several reasonable conclusions in light of the above, two of which sit at the
fore of the present discussion. The first is that any definitive conclusion, especially those

L Proficiency as such is typically assessed with a qualitative standard baseline in mind (explicitly or implicitly),
to which many bilinguals do not have access. Given that the underlying mechanisms argued to result in
neurocognitive bilingual effects relate to a tension between activation and suppression, one should expect
effects so long as there are two systems, regardless of the subjective quality of any given system, and those



systems are engaged. Of course, higher proficiency could be collinear with greater engagement, that is, the more
normative proficient one is the more domains they have to use both languages. This could then give the
impression that proficiency matters, but in such proxies for a correlation with language engagement patterns
(DeLuca, Rothman & Pliatsikas, 2018).

supported by the perceived strength of meta-analyses/systematic reviews, about the effects
bilingualism may or may not have on neurocognition are at present premature. The second is
that any future cross-study claims are destined to remain murky and inconclusive to the extent
they fail to adopt a scalar definition of bilingualism, augmented by a testing battery able to
capture quantities and qualities of input and opportunities to engage and use languages across
time and space.

Are we to assume that a naturalistic Spanish-speaking child bilingual growing up in
Catalonia versus one growing up in New York have had comparable experiences with
bilingualism? Are we to take for granted that Spanish-English bilinguals in New York are all
the same as well, irrespective of when and how they learned the language (at home or in school,
as a child or adult), ignoring the ensuing opportunities and patterns of use that distinguish
them? We presume the answer to this is an overwhelming “no”. It is at a minimum an important
question that must be determined empirically. Yet, within meta-analytic approaches to
addressing serious debates in the literature, we have those that effectively answer the question
for us by offering conclusions from bringing studies together that do not meet the minimum
standards of comparability required (see Grundy, 2020 for similar argumentation and meta-
analytic data that support the general concern). No one denies that there is a now-you-see-it-
now-you-don 't quality to bilingual effects in the literature; the question becomes why this is so.
With others, we maintain that part of the answer to this question lies in the general lack, until
recent years, of collecting and correlating data regarding input quantity, the dynamic patterns
of daily language use (in real and apparent time) and the extent of the bilingual experience
related to the age where actively using two languages commences. In other words, we should
be treating bilingualism as a continuous variable, as opposed to a categorical one. Uncovering,
then, what the parameters of the bilingual experiences are that have the best chance to confer
effects is not only a crucial determinant for greater efficacy, precision and cross-study
comparability in our field of research, but is an important variable for understanding if there
are bilingual effects at all and what, if any, the real world implications are. In our view,
unraveling the manifold hues and shades of -lingualism—where mono-, bi-, and multi- sit on
a continuum—is an imperative.

Recent research hints at the potential utility of treating bilingualism as a spectrum, for
example, studies show how specific experiences related to bilingualism (exposure, domains of
use, etc.) correlate to greater probability at the individual level of behavioral effects with
executive functions, more efficient neuronal recruitment and/or neuro-anatomical change (see
e.g., Bialystok 2016, DelLuca et al. 2019, 2020; Dash et al., 2019; Gullifer et al. 2018; Li,
Legault, & Litcofsky, 2014; Luo et al., 2019; Nichols & Joannisse, 2016; Sulpizio et al. 2019;
Yamasaki, Stocco, & Prat, 2018). How studies measure these dynamic variables is of
significant importance. Below, we provide the reader with a sample of five increasingly used
measures that are designed to record or gauge proxies for degree of input quality, quantity, and
how language is used across space and time. Having more than one measure available is ideal
because each is designed to best capture distinct aspects of bilingual experiences and might be
more and less appropriate for specific questions, specific types of bilinguals and/or specific
ages. What they have in common is the view that understanding the complexities of bilingual
outcomes requires a view of bilingualism that can be adjusted for a bespoke fit. Of course, the
represented selection is not an exhaustive one. No judgement or evaluation should be
interpreted from inclusion or exclusion in our selection. Rather, we have chosen these five
measures because they are good examples of how one can approach collecting relevant data. In
all cases, they have been widely used and/or been especially influential relative to their
emergence (obviously older measures are more likely to have been used more at the time of
writing this), and where they do not overlap they are complementary to each other.



2.1 What is it?

The Bilingual Language Experience Calculator (BIiLEC) is a language background
questionnaire developed by Sharon Unsworth and her colleagues in 2008. It is an open-source
questionnaire that is freely available to download via IRIS (A Digital Repository of Instruments
and Materials for Research into Second Language): https://www.iris-
database.org/iris/app/home/detail?id=york%3A928327&ref=search. BiLEC was developed to
gather detailed and quantified information about the language experiences, especially related
to input exposure, of bilingual children (Unsworth, 2013). It can be used for both simultaneous
and sequential bilinguals, as well as trilinguals from the ages of 2 to 18 years. The questionnaire
requires the investigator to interview the parents about their children’s language background,
language history, and daily use of the language, etc. Responses are directly entered into an
Excel spreadsheet by the investigator, in which specific algorithms are applied to generate a
number of quantity-oriented and quality-oriented composite measures of children’s language
experience. For instance, quantity-oriented measures include: the child’s relative exposure to
each language at the current time; the child’s relative use of each language at the current time;
the child’s relative exposure to each language over time, while quality-oriented measures
include: the average quality of exposure to each language at the current time; the number of
different (native/non-native) speakers providing input; and the number of different
interlocutors with whom the child communicates exclusively in a given language.

2. The Bilingual Language Experience Calculator (BiLEC)

2.2 How is it measured?

As mentioned above, algorithms are embedded into the spreadsheet to automatically calculate
the composite measure. For instance, the current amount of language exposure is derived by
first calculating the total number of waking hours, the total number of hours each person spends
with the child at home, and the total number of hours’ exposure at school, as well as sources
outside of home and school. These numbers are then added up which equals to the total number
of hours of exposure to the target language per week. Subsequently, this value is further divided
by the total number of waking hours per week which then can be used to ultimately derive the
current average percentage exposure to the target language per week. In order to understand
exactly how the algorithms work for each composite measure, we refer you to the manual
available at the above link as well. It takes around 20 to 30 minutes to complete the
questionnaire and it is recommended that the researchers administer the questionnaire via Excel
with caregivers individually.

2.3 Why is it used?

BiLEC has been widely used among researchers who examine the language development of
bilingual children (De Cat, 2018; Garraffa et al., 2015; Hendricks et al., 2018; Kan, 2019;
Kubota et al., 2020; Persici et al., 2019; Robinson & Sorace, 2019; Serratrice & De Cat, 2020;
Stoehr et al., 2019; Sun et al., 2016; Vender et al., 2018; Verhagen et al., 2020; Wolleb et al.,
2018; Andreou et al., 2015). BIiLEC differs from other questionnaires (such as LEAP-Q, LSBQ,
and BLP) in the sense that it provides separate measures for quantity and quality of exposure
(i.e., quantity of exposure is measured in percentages while quality of exposure is measured in
rankings (1-5)). However, the majority of studies that used BiLEC to elicit information about
the bilinguals’ language experience have reported their quantity of exposure, mostly focusing
on the following two measures: current quantity of exposure and/or cumulative length of
exposure (De Cat, 2018; Garraffa et al., 2015; Hendricks et al., 2018; Kubota et al., 2020;
Serratrice & De Cat, 2020; Stoehr et al., 2019; Unsworth et al., 2018; Vender et al., 2016, 2018;
Wolleb et al., 2018). The cumulative length of exposure appears to be a better alternative
measure to the traditional length of exposure, since it takes into account the exposure to the



target language for each year of a child’s life, rather than simply calculating the time elapsed
from the date of first exposure to the time of testing. In fact, to our knowledge, Unsworth et al.
(2019) is the only study that utilized information about the quality of exposure by
differentiating the proportion of exposure at home that was from native versus non-native
speakers. Other studies have simply used BILEC to outline the basic information of the
bilinguals such as their age on onset to L2, parental education, and self-reported proficiency of
the child and parent (Andreou et al., 2015; Kan, 2019; Sun et al., 2016).

2.4 How has it been used?

BiLEC has been demonstrated to reliably predict linguistic performance in bilingual children.
The measures extracted from this questionnaire have been used to predict various dimensions
of linguistic knowledge/processing such as gender (Hendricks et al., 2018; Mitrofanova et al.,
2018; Rodina & Westergaard, 2017), referential expressions (Serratrice & De Cat, 2020), clitic
pronouns (Vender et al., 2016, 2018), classifiers (Kan, 2019), voice onset time (Stoehr et al.,
2018, 2019), and vocabulary (Sun et al., 2016; Unsworth et al., 2019). Although limited, some
studies (Kubota et al., 2020; Robinson & Sorace, 2019; Verhagen et al., 2020) have used
BiLEC measures to predict non-linguistic general cognitive abilities in the bilingual population.

2.5 What are some limitations?

Although the composite measure of BILEC can be viewed or interpreted to capture some type
of bilingual experience, it clearly focuses on quantifying (and qualifying the absolute value of
language input and output. Thus, the BILEC is limited in capturing the unique, variable and
especially dynamic “experiences” of bilingual language engagement. Other questionnaires such
as LSBQ or LEAP-Q described below that consider how bilinguals use the languages and under
what conditions and/or contexts may be more suitable to operationalize the extent to which
speakers actively engage in bilingualism. Furthermore, there are no questions pertaining to
language mixing or code-switching in this questionnaire, which is an important facet of
bilingualism to consider when correlating it to domain-general cognitive function abilities.

3. The Language Experience and Proficiency Questionnaire (LEAP-Q)

3.1 What is it?

The Language Experience and Proficiency Questionnaire (LEAP-Q; Marian, Blumenfeld &
Kaushanskaya, 2007) is arguably the first systematic attempt at providing an instrument to
capture some of the most important variables contributing to the wide range of bilingual
experiences. It can be used with adolescent and adult bilingual (and multilingual) speakers,
sequential or simultaneous, ranging from 14 to 80 years of age. The goal of the LEAP-Q was
to establish some reliable correlations between lab based behavioral measures and self-reported
variables. As the authors themselves explain in a recent retrospective piece (Kaushanskaya,
Blumenfeld & Marian, 2019), the questionnaire was developed to address concerns of
replicability across studies in bilingualism that may have to do with a lack of comparability
between the different bilingual populations used in these studies.

3.2 How is it measured?

The LEAP-Q can be completed in a pencil-and-paper form, electronically (as a form-based MS
Word file) or via interview with a researcher. The questionnaire employs a series of 11-point
(range: 0-10) Likert scales to gauge information about language exposure/use and elicit self-
rating evaluations of different factors related to language proficiency and language dominance.
The first page is designed to gather personal and biographical data (education level, cultural
identification, date of arrival in the country if applicable) and to establish the set of languages



that the speaker has some knowledge of, which must be listed both in order of dominance and
in order of acquisition. Three general questions ask the speaker to indicate their relative use of
each language, and their relative preference for each in reading and speaking contexts. The
second part of the questionnaire devotes one page to each of the languages, focusing on six
main areas: age milestones in language learning, contributors to language acquisition, degree
of language immersion, extent of language exposure, self-reported proficiency and self-reported
foreign accent, if applicable (Kaushanskaya et al., 2019).

The digital version takes approximately 15 minutes for speakers of two languages. Each
additional language covered in the second part adds about 5 minutes to this estimate.
Administration through interview is likely to increase time by about 5 to 10 minutes
(Kaushanskaya et al., 2019). In the questionnaire’s website
(https://bilingualism.northwestern.edu/leapg/) the authors provide instructions on how to
export the data from the electronic version of LEAP-Q into a spreadsheet for data management.
Recently, an implementation of the test in the Qualtrics online platform has been made available
on the website, together with data export notes. Note, however, that unlike some of the other
questionnaires and instruments reviewed here, the LEAP-Q does not attempt to calculate
composite scores (for discussion, see Kaushanskaya et al., 2019; Marian, 2019)—although
some studies have aggregated the questionnaire’s estimations into single indices (e.g.,
Dimitropoulou, Dufiabeitia & Carreiras, 2011; Krizman et al., 2014).

3.3 Why is it used?

The LEAP-Q was originally meant to serve at least two different purposes: to provide a better
motivated and more comparable distribution of discrete categories (e.g., simultaneous vs. early
vs. late bilinguals) that were already being used to subdivide bilingual participant samples, and
to ensure that certain threshold-based criteria for inclusion were standardized. To do this, the
questionnaire focuses on the estimation of two very different sets of magnitudes. The first is the
relative weight of each language in different constructs, most notably dominance and
proficiency, that are often claimed to correlate with certain differences in the linguistic behavior
for speakers of the same language—even those with roughly similar linguistic profiles (e.g.,
Birdsong, 2014; Hulstijn, 2012). This is meant to enable researchers to establish fine-grained
distinctions in populations of, for example, highly proficient bilingual individuals living in a
bilingual society, for whom dominance or relative proficiency may be hard to determine
informally or infer from various sociolinguistic proxies. The second aim of the LEAP-Q is to
delve deeper into the speaker’s experience and relationship with each of their languages,
including exposure history, contexts of use and self-perceived proficiency and (foreign) accent.

3.4 How has it been used?

The impact of LEAP-Q has been significant. In 13 years, it has been translated to 24 languages
and the original article has been cited well over a thousand times, by studies examining very
different types of bi-/multilinguals in very different settings (bilingual societies, immersion
settings, foreign language classrooms, to name a few; see Kaushanskaya et al., 2019). Although
categorical assignment to different bilingual groups is a common application (e.g., early vs.
late, Dimitropoulou et al., 2011) the specific uses that the questionnaire has been given exceed
the original scope. Studies employing the LEAP-Q with late sequential bilinguals, for example,
have made use of the questionnaire’s self-rated proficiency measures to establish inclusion
criteria based on minimum proficiency (e.g., Stocco & Prat, 2014). Conversely, some studies
have sought to establish a low-pass threshold of L2 proficiency to justify the consideration of
a given group as ‘monolingual’ (e.g., Ansaldo, Ghazi-Saidi & Adrover-Roig, 2015).
Oftentimes, however, the questionnaire is simply used to provide a more comprehensive
description of bi-/multilingual experimental groups (e.g., Gonzédlez Alonso, Baquero
Castellanos & Miiller, 2016; Wang et al., 2014), or to ensure a certain L1-status or dominance
in societal bilingualism contexts (e.g., Libben & Titone, 2009).



The LEAP-Q has also been used to investigate dominance effects in bilingualism.
Keating, VanPatten and Jegerski (2011) compared antecedent preferences for null and overt
pronouns in two groups of Spanish heritage speakers in the US, depending on their self-declared
dominance (English or Spanish) in the LEAP-Q. Similarly, self-rated proficiency as measured
by the LEAP-Q was used by Reichle and Birdsong (2014) in an ERP study investigating
proficiency effects in the interpretation of informational vs. contrastive focus in L2 French.

3.5 What are some limitations?

The most apparent limitation of the LEAP-Q is one of scope: the questionnaire is designed to
gauge linguistic experience from bi-/multilinguals aged 14 to 80, which leaves out a critical age
range for researchers interested in language development. In terms of the kind of factors
contributing to the bilingual experience that the questionnaire is designed to capture, language
mixing is notably absent. Finally, the self-rated proficiency estimates of the LEAP-Q are
potentially limited towards an accurate characterization of bi-/multilingual language ability
(e.g., Shi, 2011; see Kaushanskaya et al., 2019, for discussion), despite having been shown to
correlate with some behavioral measures of language comprehension in the original validation
studies.

4. Entropy- a measure of both social (language) interaction and language maintenance

4.1 What is it?

The concept of entropy is ubiquitous across a number of fields of study but can generally be
defined as the degree of randomness or uncertainty within a closed system. Within cognitive
science and linguistics, the concept of entropy has been operationalized in several ways
including processes related to input in language acquisition (e.g., Jager, 2007), diversity in
interaction related to language use (Gullifer & Titone, 2020), and as a means of explaining
processes underlying language maintenance and attrition (Iverson & Miller, 2018). Here, we
focus on the latter two of these examples. Differently from the other tools discussed within this
chapter, entropy is discussed herein as both (i) a theoretical construct or (ii) a calculation which
can be applied to any data collected by a variety of methods related to language use distribution
(i.e., it could be calculated over (a subset) of data collected via the other tools described above).
In principle, it is thus usable with any age range.

Regarding social interaction, entropy has been operationalized to quantify the nature
and extent of the compartmentalization or integration of one’s available languages on a
continuum (Gullifer et al., 2018; Gullifer & Titone, 2020). Gullifer and colleagues adapted the
principles from Shannon entropy, which, in brief, quantifies the degree of uncertainty or
disorder within a system (Shannon, 1948). Applied to language use, low entropy scores (close
to 0) represent full separate language uses (e.g., only one in any given social context), which
indicate relatively low uncertainty about the nature of linguistic input. By contrast, high scores
(up to 1) indicate highly integrated languages (each language used equally) in each social
context, which indicate greater uncertainty about the nature of linguistic input.

Entropy has also been proposed to describe the relationship between language exposure
and its maintenance/attrition (Iverson & Miller, 2018; Miller & Rothman, 2019). This notion
of maintenance, as applied to language attrition is discussed within the Equilibrium Hypothesis
(Iverson & Miller, 2018), which predicts that the degree of attrition is tied to the intensity and
nature of exposure and use of each language (its relative entropy, which can shift over time).
Increased focus on the non-native language (in this case, the competing system) and reduced
focus on the native language lead to a situation of increased entropy within the system and thus
attrition of the native language.

4.2 How is it measured?
Entropy within social (language) interaction (see Gullifer & Titone, 2020 for full detail) is



measured by calculating a proportion of use for each language in given contexts, and then
calculating an entropy score by summing the logged proportions of each language and
multiplying by -1 to yield a positive entropy value. In an example provided by Gullifer and
Titone (2020), a bilingual who speaks English 80% of the time and French 20% at work would
have an entropy score of 0.72 for this context, indicating a higher degree of integration of the
two languages. A fully documented software package is provided by the authors to calculate
entropy scores (https://github.com/jasongullifer/languageEntropy), both within and across
contexts (e.g. work, home, study, etc.).

4.3 Why is it used?

With respect to language experience, the aim of entropy is to coalesce degrees of language
exposure or use into a single scale representing the diversity of one’s language use patterns.
The use of language entropy as a measure allows one to quantify the degree of uncertainty that
a speaker is faced with regarding which language is needed in any given context. This measure
allows for (among other things) comparisons against neurocognitive outcomes related to these
experiences (see below for discussion of examples of use of language entropy in relation to
neurocognitive outcomes). Different (language) interactional contexts are argued to confer
increased demands on several control processes, including conflict monitoring, interference
suppression, cue detection, task switching, among others (see e.g. Green & Abutalebi, 2013;
Hartanto & Yang, 2016). However, previous work has primarily used dichotomous
categorization of these experiences into discrete groups (e.g., into single- or dual language
contexts). A major advantage, then, of the use of entropy scores is that it allows for a more
nuanced exploration of the overall distribution of bilingual language use both within- and across
different social/conversational contexts.

4.4 How has it been used?

Entropy, of language exposure, has been found to correlate with specific neurocognitive
adaptations (Gullifer et al., 2018). Specifically, Gullifer and colleagues found increased
diversity (entropy) of language use to relate to increased reliance on proactive control strategies
while completing an AX-continuous performance task (AX-CPT) which also correlated with
increased functional connectivity between the left putamen and anterior cingulate cortex. These
results are interpreted as neurocognitive adaptations towards increased reliance on monitoring
and selection processes. Entropy of language exposure is now also input as an automated
calculation in a new iteration of the language history questionnaire (LHQ3; (Li, Zhang, Yu, &
Zhao, 2019), both overall and in several social/conversational settings.

Entropy, as relates to language attrition, was recently applied in a study by Miller &
Rothman, (2019) who examined aspects of pragmatic processing in native Spanish-English
bilinguals living in an English (L2) immersion context. The authors crucially report that
prolonged exposure to the immersion environment lead to an over-acceptance of a specific
reading of ‘some’ (algunos) in what would be considered infelicitous contexts to do so.
Crucially, the degree to which this occurred was linked to several aspects of language exposure
and use, specifically the balance between L1 and L2. These results support predictions of the
equilibrium hypothesis, specifically a continuous and nuanced relationship between reduced
L1 exposure, entropy, and L1 attrition.

4.5 What are some limitations?

Language entropy was conceived of and thus designed to capture a specific aspect of bilingual
experience (diversity of bilingual language use within context). It is thus, by design, unable to
quantify other aspects of language experience, including language mixing, duration of use (etc.).
It is, then, perhaps most optimally used in complement with other continuous measures of
bilingual experience (for an example of this see Gullifer et al., 2018). Furthermore, given the
way in which entropy is currently calculated, dominance towards one language or another (e.g,



an L1 or L2) cannot be distinguished with this measure. In other words, if someone becomes
much more dominant in an L2 and uses that language much more than their L1 (a common
occurrence for heritage speaker bilinguals, (Rothman 2009) and/or L1 attriters (Schmid, 2013)),
irrespective of age at which the shift in dominance occurs, entropy will not distinguish between
these cases from a traditional adult L2 learner whose linguistic distribution significantly favors
their L1 as does their dominance. Obviously, there are good reasons to believe that age of
acquisition is an important factor worthy of being captured within the construct of entropy.

5. The Language and Social Background Questionnaire (LSBQ)

5.1 What is it?

A first version of the ‘Language and Social Background Questionnaire’ (LSBQ) was developed
by Luk and Bialystok (2013) and later updated by Anderson et al., (2018). The LSBQ focuses
on the dynamics and complexities of bilingual language usage patterns, crucially in different
contexts related to daily life. The goal of the LSBQ is to quantify the multifaceted bilingual
experience, offering several composite scores related to how a bilingual individual might
distribute the use of each language in distinct domains of daily life, for example, at home versus
at work versus purely social contexts. This means that the LSBQ offers multiple composite
scores. Each can be used in statistical modeling to better capture how potential individual
differences within bilingual experiences and engagement, specifically in ecologically valid
domains of use where they conceivably differ, correlates to any given measurement outcome.
The current version of the LSBQ partially overlaps with its predecessor version (Luk &
Bialystok, 2013) and shares some commonalities with other similar tools such as the Language
Experience and Proficiency Questionnaire (LEAP-Q; Marian, Blumenfeld, & Kaushanskaya,
2007) and the Language History Questionnaire (LHQ 2.0; Li, Sepanski, & Zhao, 2006; Li,
Zhang, Tsai, & Puls, 2014). In its latest version, it has been validated across a relatively large
sample size. Separate versions are available for three different age groups across the lifespan:
young children, young to mid-age adulthood and older adults.

5.2 How is it measured?

The LSBQ is based on self-report and self-assessment with questions about individuals’
language use in four main dimensions: (i) time (pre-school, primary school, high school), (ii)
setting (home, school, work, religious activities, work, etc.); (iii) interlocutor (friends, parents,
partner, etc.); and (iv) activity (social media, praying, watching tv, etc.). The LSBQ’s
compensation for the reliability of self-reports and its internal validity was established by using
multiple questions that are shown to be reliably related in exploratory factor analysis (EFA)
with data from 408 adult participants with various non-English languages in a context where
English is the majority language. The EFA showed that 74% of the variance was captured by
three main factors: (i) non-English home language use and proficiency, (ii) non-English social
language use, and (iii) English proficiency. Based on these, the questionnaire is comprised of
three sections containing 22 items with sub-items: (i) Social Background serving as a proxy
for socioeconomic status (SES) with questions regarding age, country of origin, education,
immigration status, etc.; (ii) Language Background serving as a proxy for language proficiency
with questions regarding the language(s) the participant is able to understand, speak, read and
write, at what age and in what context they learned it; and (iii) Community Language Use
Behavior serving as a proxy for language use in different stages of life, different contexts,
different situations and different activities. Anderson et al. (2018) tested the internal and
construct validity of the LSBQ by correlating the composite factor score as well as the factor
scores with previously collected behavioral cognitive data from a subset of participants
confirming previous findings: higher composite factor scores (e.g., the more bilingual one is)
predict better non-verbal performance and poorer verbal performance.



5.3 Why is it used?

The LSBQ is available free of charge in an online repository  (see
https://figshare.com/articles/journal_contribution/The_Language and_Social Background Q
uestionnaire_Assessing_Degree_of Bilingualism_in_a_Diverse_Population_Supplementary
Materials/3972486/5) with an LSBQ Administration/Scoring Manual and an Excel file allowing
researchers to calculate factor scores. It yields a composite score serving as a tool for
categorical assignment of individuals into groups along a monolingual to bilingual spectrum.
Based on their analysis of data from young adults, Anderson et al. (2018) conclude that a
composite score of less than -3.13 would categorize one as
monolingual while individuals with a score above 1.23 would be
regarded as bilinguals. More uniquely, it also produces several factor scores which
can be used as continuous measures quantifying the bilingualism experience in various
contexts/stages of life. In other words, it goes beyond establishing group membership and
offering proxies for proficiency. The LSBQ enables the quantification at an individual level of
precisely how any given bilingual with any given linguistic proficiency has experienced and
continues to engage with distributing their languages’ usage. All researchers studying a myriad
of questions related to bilingualism today—from the most linguistic to the most cognitive
neuroscience perspectives—are beginning to understand the indispensability of treating
individual bilingual outcomes as a consequence of the interplay of a wide spectrum of complex
contributory variables. Tools like the LSBQ thus stand out precisely because they not only
encourage, but indeed make possible the capturing and quantifying of bilingual experience
patterns in a nuanced way.

5.4 How has it been used?

Today, the LSBQ is increasingly becoming one of the most widely used language background
questionnaires for linguistic development and outcomes (e.g., Luk and Bialystok, 2013; Peets
et al., 2020; Altinkamis & Simon, 2020; Friesen et al., 2015; Mitits et al., 2018) as well as
bilingual effects on executive function, working memory, neuroanatomical structure and aging
(e.g., DeLuca et al., 2019, 2020; Bialystok et al., 2014; Smith et al., 2019; Sullivan et al., 2017,
Barac et al., 2016; Zhang et al., 2020; Anderson et al., 2017). For instance, in a recent MRI
study with 65 adult participants, DeLuca et al. (2019) used the LSBQ to calculate factor scores
of language experiences in bilingual language use to examine their effects on brain structure
and functional connectivity. Their results show that brain adaptations, both structural and
functional, are modulated at the individual level by bilingual language experiences of exposure
and use. In another study, Peets, Yim and Bialystok (2020) used the LSBQ scores to see how
the context of language use and exposure affected bilingual children’s performance measured
by standardized vocabulary, grammar and reading comprehension tests compared to their
monolingual peers. Their results showed that on average there were no group differences;
however, for the bilingual group performance in reading comprehension was modulated by oral
language and home literacy.

5.5 What are some limitations?

A potential limitation of the LSBQ concerns its focus on bilingualism in the context of only two
languages, or at least its lack of overt consideration for multilingualism. That is, in its current
form it cannot capture the depth of use and experience in more than two languages. Of course,
it is often the case, especially outside of North America, that bilinguals are exposed to and use
more than a single additional language. And so, assessing multilingualism per se is not an option
via the LSBQ. Underscoring this observation, it is prudent to highlight that Anderson et al.’s
(2018) attempt to account for multilingualism in another factor analysis failed to converge.
Another limitation, depending on one’s interest in using this tool, relates to specific
measurements of bilingual engagement that one might need or wish to calculate. For example,
language switching is captured only by three questions and one universal type of switching,



namely “language-switching”.

6. The Bilingual Language Profile (BLP)

6.1 What is it?

The Bilingual Language Profile (BLP; Birdsong et al., 2012; Gertken et al., 2014) is a tool
designed specifically to determine language dominance in bilingual speakers. Even though it is
not directly stated in the BLP, the type of questions elicited are best suited for adult bilingual
speakers. The BLP assumes that language dominance within each unique bilingual speaker is a
construct informed by a combination of different factors influencing the use of each of the
languages. Via answers to a series of self-reported questions, the BLP generates a score of
language dominance which is both general and context-independent. Under the BLP, the notion
of language dominance is treated within a gradient spectrum, quite uniquely for other tools of
language dominance assessment (see Solis-Barroso and Stefanich, 2019, for a review). In doing
so, it allows for a more fine-grained characterization of a bilingual’s language dominance, and
correlated  variation, that may otherwise be obscured with measures employing a
categorical/dichotomous distinction for language dominance.

6.2 How is it measured?

The BLP calculates a composite score, rendered on the basis of 19 questions distributed across
four different modules: (a) language history, (b) language use, (c) language proficiency and
(d) language attitudes. Unlike other measures of language dominance, the BLP does not weigh
the different factors (or modules) differently. Each of the four modules carries the same
weighting so that the composite score does not bias results towards any of the factors/contexts
included in the questionnaire. The composite score falls within a continuum ranging from -218
to +218, whereby the extreme values represent extreme dominance in one language or the other
and the middle points represent more balanced bilingualism.

The BLP can be accessed online (https:/sites.la.utexas.edu/bilingual/), where all the
testing materials, protocols and instructions to calculate the composite score can be found. The
questionnaire can be distributed in either pen-and-paper or web-based format. In total, it takes
between 5 and 10 minutes for an adult literate bilingual speaker to complete the questionnaire.
The authors of the BLP provide an algorithm in Google Sheets that automatically calculates the
score for language dominance. The BLP is currently available in 15 different language pairings
and for each pairing the BLP is available in both languages.

6.3 Why is it used?

The BLP was originally designed to address the call for standardization of language dominance
measures, in consideration of the bilingual profile of speakers of a variety of linguistic
combinations and different cultural backgrounds. To this end, the BLP gathers general
information that is not specific to any context, type of acquisition or language per se, this allows
one to create a general profile of language dominance irrespective of the specific context of
acquisition.

As acknowledged by the authors themselves, the BLP can serve two purposes: (i) as a
composite score regressor to explain variation and (ii) to provide demographic information of
specific populations relative to an individual’s linguistic dominance for various classification
purposes.

6.4 How has it been used?
The BLP was originally designed to assess the bilingual dominance in early child bilingualism



and L2 acquisition. It has since then been extended to contexts of adult heritage language
bilingualism, L1 attrition, L3 acquisition and aphasia in bilingualism (e.g., Cabrelli, Luque, &
Finestrat-Martinez, 2019; Farogi-Shah, Sampspon, Pranger, & Baughman, 2018; Puig-
Mayenco & Rothman, 2019; Zyzik & Sanchez, 2019). Much of the research to date using the
BLP has examined aspects related to the phonetics and phonology of bilinguals (e.g.,
Amengual, 2013, 2016; Casillas, 2015; Simonet, 2014; Simonet, Casillas, & Diaz, 2014). More
recently, however, it has also been used to examine other domains of language: bilingual
morphological processing/priming (Bosch, Verissimo, & Clahsen, 2019; Verissimo, Heyer,
Jacob, & Clahsen, 2018), lexical recognition (Garcia, Leibold, Buss, Calandruccio, &
Rodriguez, 2018), sentence processing (Gertken, 2013), semantic generalizations (Grégoire &
Greening, 2020), amongst others. Crucially, the results of these studies point towards the
direction that using a measure that conceptualizes language dominance to be a gradient variable
has the potential to explain a good portion of variability found within bilingualism that might
go unnoticed if language dominance is () treated as a categorical variable or (b) confounded
with other variables such as order of acquisition or language proficiency.

6.5. What are some limitations?

Although the BLP is a relatively quick and easy questionnaire, its brevity--much appreciated
for other reasons in research design— sacrifices detail one would expect, if not require, to
capture a finer-grained view of bilingual experience. For example, outside of its remit to
quantify and qualify language dominance, the BLP offers no means to collect information
regarding language mixing or code-switching. In some ways, then, the BLP focuses on the
division of the two languages insofar as they exist independently of each other, whereas
additional questions probing language mixing could help to reveal the more ecologically valid
reality of many bilinguals where the two languages are overlapping. A further limitation is that
the BLP seems to be designed with a specific set of bilinguals in mind, namely those most
prolifically studied in university settings (younger adults). One example highlighting this is the
BLP’s inability to capture language dominance straightforwardly in older populations.
Questions quantifying how long a participant has spent using each language in different contexts
(e.g., family, workplace) offer a maximum response range of 20 years, thus making it difficult,
if not impossible, to quantify variation in experiences that go beyond this.

7. Conclusion

It seems clear that, if we are to understand the impact bilingualism can have on neurocognition
(or, for that matter, language processing, rate and outcome of linguistic acquisition, educational
outcomes, etc.), we need to employ more precise methods to capture and quantify individual
experiences with the activities that render effects more and less likely. Quantitative and
qualitative proxies for bilingual language experiences, such as those provided in the five tools
reviewed above, are wonderful steps in the right direction. Time will tell how fine-grained and
useful they really are. Time will also reveal if what they capture is sufficient and well-
motivated, that is, if they focus on enough and/or the right subset of variables for the questions
we have. It will also reveal whether each of these tools is equipotential to capture the necessary
granularity required to answer the questions of today and how adaptive they will be for the
questions of tomorrow. To be clear, this main claim, in our view, follows directly from the
underlying mechanisms purported to give rise to neurocognitive adaptations in the first place.
The greater or lesser the intensity, the longer or shorter the duration, the closeness or distance
in time of a cognitively demanding context, such as bilingualism, should result in
differentiation of neurocognitive adaptations (at the synchronic time of testing). After all, the
tension between activation and suppression of both languages would differ as a result and likely
in highly dynamic ways. How the brain responds to this and becomes more efficient is likely



linked to how predictable and intense the need for inhibition is, over various epochs of time.
This need will be related to bilingual experiences.

Bilingualism should, in principle, be no different from other activities claimed to give
rise to cognitive and neural reserves, such as the navigational skills of taxicab drivers in London
(Maguire, Frackowiak & Firth, 1997). However, the ubiquity of bilingualism and its variation
of related experiential factors places it in a league of its own. Taxi drivers, at least before the
advent of Google maps and similar technology, were forced by their very nature to engage in
very highly intense spatial navigation as a function of all hours working, at least in cities like
London. When engaged, individuals were completely engaged often for 8 or more hours a day
in a very similar way. But how many people are taxi drivers? By comparison, approximately
half of the world’s population is bilingual. Languages are always simultaneously activated, thus
regardless of need or intention, making it a 24-hour context. How different are the daily
navigational experiences, in abstract, of driving taxis in major cities (at least before Google
maps)? By comparison, there are probably hundreds if not thousands (or more) permutations
with respect to the interplay of multiple factors delimiting bilingual experiences any one
bilingual has, not to mention that these change (sometimes dramatically) over time for the same
individual. The bilingual and how she engages with bilingualism is indeed a moving target. And
so, while it is true that the management of more than one system is a 24-hour mental job so to
speak, it stands to reason that how the brain adapts to it in terms of efficiency will reflect the
variation of its engagement reality.

Our task then is to uncover what explains variation. While mind and brain effects have
always been envisaged as adaptive byproducts that would vary, variation should not be random.
When it seems random, it likely only means that the patterns of experiences to outcomes as yet
eludes us. Understanding that there is not a one-size-fits-all definition of bilingualism has a long
history, if only reflected in labels that differentiate subgroups such as L2 learners, simultaneous
bilinguals, heritage speaker bilinguals, passive bilinguals, code-switchers, balanced bilinguals,
and many more. However, recognizing some differences by means of labels does little to
capture, if recognize at all, the deterministic variation that sits under each label and across
them. For far too long, studies have been populated by groups of so-called bilinguals that cut
across the many labels themselves as if the conditions that separate them would not matter.
Equally, for most studies that limit their studies to only one subset (young simultaneous
bilinguals, adult L2 learners in immersion), they have functionally ignored vast differences in
individual bilingual experiences, as if all have the same proportions or, otherwise, indirectly
claiming such should not matter.

As discussed in the introduction, this alone could be one of the primary reasons we see
such discrepancies in claims within the relevant literature. Comparing “apple” populations to
“orange” populations simply because they all happen to be (bilingual) fruit is not the right way
forward to adjudicate between competing theories, hypotheses and claims. Setting new
standards for how we document and disclose the backgrounds and relevant experiences of
bilinguals so we have “apple” to “apple” comparisons will enable us to do three necessary
things simultaneously: (a) better science overall, (b) address the debate on whether bilingualism
affects the mind and brain and (c) in light of (b), reveal what the conditions are for bilingual
effects. Bilingualism is not black or white. It cannot be reduced to ‘yes’ or ‘no’. It is
multicolored and multifaceted, a reality which empirical research needs to better confront.
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